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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.



 

 

 

 

 

 

 

 

 

 

 

 

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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ABOUT ART'21  PROGRAM

Non-destructive analysis has turned out to be a crucial method to achieve 
more successful and long-lasting preservation of works of art and environ-
mental heritage. With the aim to promote education and competence in 
this field, the "art" Conference represents, in national and international 
meetings, one of the most successful initiatives in this area. The desired 
synergy among experts will lead to continuous development of new scien-
tific methods in the fields of preservation, reconstruction and diagnostics 
of cultural and environmental artworks.
The art'21Conference will bringing together delegates, conservation scien-
tists and curators, art historians, analytical scientists and architectural 
researchers from all around the world.
The Latin America Region possesses a rich cultural and natural heritage. 
The Region counts with 143 properties inscribed on the World Heritage. 
From archeological pre-Hispanic sites, exceptionally well preserved histori-
cal centres, extraordinary natural sites, bio diverse landscapes, the Region’s 
World Heritage serves as a basis for further strengthening sustainable 
development and the role of local communities which is vital for heritage 
protection and management. According to UNESCO, well protected World 
Heritage site contributes directly to environmental, social and economicde-
velopment and helps better the life of the local community.
Art'21 Conference will be developed jointly with the XIII CORENDE, the 
AAENDE’s bi-annual Regional Congress on Non Destructive and Structural 
Testing, whose main topic will be “Non-Destructive Evaluation of Civil Struc-
tures”. Buenos Aires is one of the most important cultural and social capi-
tals in Latin America and the art'21 Conference will be a unique event to 
strengthen relations between the region and the whole world.

   
    TOPICS 

     Environmental protection and control.
  
     Microanalysis and conservation of cultural heritage in South America.
  
     Non-destructive tests on cultural heritage.
  
     Structural control and monitoring of cultural heritage.
  
   Mechanical characterization of the structural components from the 
constructive

 

 

 

 

 

 

 

 

 

 

 

 

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.
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SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 
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X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.
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CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.



ABOUT ART'21  PROGRAM

Non-destructive analysis has turned out to be a crucial method to achieve 
more successful and long-lasting preservation of works of art and environ-
mental heritage. With the aim to promote education and competence in 
this field, the "art" Conference represents, in national and international 
meetings, one of the most successful initiatives in this area. The desired 
synergy among experts will lead to continuous development of new scien-
tific methods in the fields of preservation, reconstruction and diagnostics 
of cultural and environmental artworks.
The art'21Conference will bringing together delegates, conservation scien-
tists and curators, art historians, analytical scientists and architectural 
researchers from all around the world.
The Latin America Region possesses a rich cultural and natural heritage. 
The Region counts with 143 properties inscribed on the World Heritage. 
From archeological pre-Hispanic sites, exceptionally well preserved histori-
cal centres, extraordinary natural sites, bio diverse landscapes, the Region’s 
World Heritage serves as a basis for further strengthening sustainable 
development and the role of local communities which is vital for heritage 
protection and management. According to UNESCO, well protected World 
Heritage site contributes directly to environmental, social and economicde-
velopment and helps better the life of the local community.
Art'21 Conference will be developed jointly with the XIII CORENDE, the 
AAENDE’s bi-annual Regional Congress on Non Destructive and Structural 
Testing, whose main topic will be “Non-Destructive Evaluation of Civil Struc-
tures”. Buenos Aires is one of the most important cultural and social capi-
tals in Latin America and the art'21 Conference will be a unique event to 
strengthen relations between the region and the whole world.

   
    TOPICS 

     Environmental protection and control.
  
     Microanalysis and conservation of cultural heritage in South America.
  
     Non-destructive tests on cultural heritage.
  
     Structural control and monitoring of cultural heritage.
  
   Mechanical characterization of the structural components from the 
constructive

 

 

 

 

 

 

 

 

 

 

 

 

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.
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SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 
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X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.
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Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 
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Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.
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Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
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Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
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Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.
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STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo
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Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.
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CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.



ABOUT ART'21  PROGRAM

Non-destructive analysis has turned out to be a crucial method to achieve 
more successful and long-lasting preservation of works of art and environ-
mental heritage. With the aim to promote education and competence in 
this field, the "art" Conference represents, in national and international 
meetings, one of the most successful initiatives in this area. The desired 
synergy among experts will lead to continuous development of new scien-
tific methods in the fields of preservation, reconstruction and diagnostics 
of cultural and environmental artworks.
The art'21Conference will bringing together delegates, conservation scien-
tists and curators, art historians, analytical scientists and architectural 
researchers from all around the world.
The Latin America Region possesses a rich cultural and natural heritage. 
The Region counts with 143 properties inscribed on the World Heritage. 
From archeological pre-Hispanic sites, exceptionally well preserved histori-
cal centres, extraordinary natural sites, bio diverse landscapes, the Region’s 
World Heritage serves as a basis for further strengthening sustainable 
development and the role of local communities which is vital for heritage 
protection and management. According to UNESCO, well protected World 
Heritage site contributes directly to environmental, social and economicde-
velopment and helps better the life of the local community.
Art'21 Conference will be developed jointly with the XIII CORENDE, the 
AAENDE’s bi-annual Regional Congress on Non Destructive and Structural 
Testing, whose main topic will be “Non-Destructive Evaluation of Civil Struc-
tures”. Buenos Aires is one of the most important cultural and social capi-
tals in Latin America and the art'21 Conference will be a unique event to 
strengthen relations between the region and the whole world.

   
    TOPICS 

     Environmental protection and control.
  
     Microanalysis and conservation of cultural heritage in South America.
  
     Non-destructive tests on cultural heritage.
  
     Structural control and monitoring of cultural heritage.
  
   Mechanical characterization of the structural components from the 
constructive

 

 

 

 

 

 

 

 

 

 

 

 

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.
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SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 
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X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.
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CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.



ABOUT ART'21  PROGRAM

Non-destructive analysis has turned out to be a crucial method to achieve 
more successful and long-lasting preservation of works of art and environ-
mental heritage. With the aim to promote education and competence in 
this field, the "art" Conference represents, in national and international 
meetings, one of the most successful initiatives in this area. The desired 
synergy among experts will lead to continuous development of new scien-
tific methods in the fields of preservation, reconstruction and diagnostics 
of cultural and environmental artworks.
The art'21Conference will bringing together delegates, conservation scien-
tists and curators, art historians, analytical scientists and architectural 
researchers from all around the world.
The Latin America Region possesses a rich cultural and natural heritage. 
The Region counts with 143 properties inscribed on the World Heritage. 
From archeological pre-Hispanic sites, exceptionally well preserved histori-
cal centres, extraordinary natural sites, bio diverse landscapes, the Region’s 
World Heritage serves as a basis for further strengthening sustainable 
development and the role of local communities which is vital for heritage 
protection and management. According to UNESCO, well protected World 
Heritage site contributes directly to environmental, social and economicde-
velopment and helps better the life of the local community.
Art'21 Conference will be developed jointly with the XIII CORENDE, the 
AAENDE’s bi-annual Regional Congress on Non Destructive and Structural 
Testing, whose main topic will be “Non-Destructive Evaluation of Civil Struc-
tures”. Buenos Aires is one of the most important cultural and social capi-
tals in Latin America and the art'21 Conference will be a unique event to 
strengthen relations between the region and the whole world.

   
    TOPICS 

     Environmental protection and control.
  
     Microanalysis and conservation of cultural heritage in South America.
  
     Non-destructive tests on cultural heritage.
  
     Structural control and monitoring of cultural heritage.
  
   Mechanical characterization of the structural components from the 
constructive

 

 

 

 

 

 

 

 

 

 

 

 

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.
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SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 
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X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.
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CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.



ABOUT ART'21  PROGRAM

Non-destructive analysis has turned out to be a crucial method to achieve 
more successful and long-lasting preservation of works of art and environ-
mental heritage. With the aim to promote education and competence in 
this field, the "art" Conference represents, in national and international 
meetings, one of the most successful initiatives in this area. The desired 
synergy among experts will lead to continuous development of new scien-
tific methods in the fields of preservation, reconstruction and diagnostics 
of cultural and environmental artworks.
The art'21Conference will bringing together delegates, conservation scien-
tists and curators, art historians, analytical scientists and architectural 
researchers from all around the world.
The Latin America Region possesses a rich cultural and natural heritage. 
The Region counts with 143 properties inscribed on the World Heritage. 
From archeological pre-Hispanic sites, exceptionally well preserved histori-
cal centres, extraordinary natural sites, bio diverse landscapes, the Region’s 
World Heritage serves as a basis for further strengthening sustainable 
development and the role of local communities which is vital for heritage 
protection and management. According to UNESCO, well protected World 
Heritage site contributes directly to environmental, social and economicde-
velopment and helps better the life of the local community.
Art'21 Conference will be developed jointly with the XIII CORENDE, the 
AAENDE’s bi-annual Regional Congress on Non Destructive and Structural 
Testing, whose main topic will be “Non-Destructive Evaluation of Civil Struc-
tures”. Buenos Aires is one of the most important cultural and social capi-
tals in Latin America and the art'21 Conference will be a unique event to 
strengthen relations between the region and the whole world.

   
    TOPICS 

     Environmental protection and control.
  
     Microanalysis and conservation of cultural heritage in South America.
  
     Non-destructive tests on cultural heritage.
  
     Structural control and monitoring of cultural heritage.
  
   Mechanical characterization of the structural components from the 
constructive

 

 

 

 

 

 

 

 

 

 

 

 

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.
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SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 
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X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.
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CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.



ABOUT ART'21  PROGRAM

Non-destructive analysis has turned out to be a crucial method to achieve 
more successful and long-lasting preservation of works of art and environ-
mental heritage. With the aim to promote education and competence in 
this field, the "art" Conference represents, in national and international 
meetings, one of the most successful initiatives in this area. The desired 
synergy among experts will lead to continuous development of new scien-
tific methods in the fields of preservation, reconstruction and diagnostics 
of cultural and environmental artworks.
The art'21Conference will bringing together delegates, conservation scien-
tists and curators, art historians, analytical scientists and architectural 
researchers from all around the world.
The Latin America Region possesses a rich cultural and natural heritage. 
The Region counts with 143 properties inscribed on the World Heritage. 
From archeological pre-Hispanic sites, exceptionally well preserved histori-
cal centres, extraordinary natural sites, bio diverse landscapes, the Region’s 
World Heritage serves as a basis for further strengthening sustainable 
development and the role of local communities which is vital for heritage 
protection and management. According to UNESCO, well protected World 
Heritage site contributes directly to environmental, social and economicde-
velopment and helps better the life of the local community.
Art'21 Conference will be developed jointly with the XIII CORENDE, the 
AAENDE’s bi-annual Regional Congress on Non Destructive and Structural 
Testing, whose main topic will be “Non-Destructive Evaluation of Civil Struc-
tures”. Buenos Aires is one of the most important cultural and social capi-
tals in Latin America and the art'21 Conference will be a unique event to 
strengthen relations between the region and the whole world.

   
    TOPICS 

     Environmental protection and control.
  
     Microanalysis and conservation of cultural heritage in South America.
  
     Non-destructive tests on cultural heritage.
  
     Structural control and monitoring of cultural heritage.
  
   Mechanical characterization of the structural components from the 
constructive

 

 

 

 

 

 

 

 

 

 

 

 

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.
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SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 
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X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

 THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.
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CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.



ABOUT ART'21  PROGRAM

Non-destructive analysis has turned out to be a crucial method to achieve 
more successful and long-lasting preservation of works of art and environ-
mental heritage. With the aim to promote education and competence in 
this field, the "art" Conference represents, in national and international 
meetings, one of the most successful initiatives in this area. The desired 
synergy among experts will lead to continuous development of new scien-
tific methods in the fields of preservation, reconstruction and diagnostics 
of cultural and environmental artworks.
The art'21Conference will bringing together delegates, conservation scien-
tists and curators, art historians, analytical scientists and architectural 
researchers from all around the world.
The Latin America Region possesses a rich cultural and natural heritage. 
The Region counts with 143 properties inscribed on the World Heritage. 
From archeological pre-Hispanic sites, exceptionally well preserved histori-
cal centres, extraordinary natural sites, bio diverse landscapes, the Region’s 
World Heritage serves as a basis for further strengthening sustainable 
development and the role of local communities which is vital for heritage 
protection and management. According to UNESCO, well protected World 
Heritage site contributes directly to environmental, social and economicde-
velopment and helps better the life of the local community.
Art'21 Conference will be developed jointly with the XIII CORENDE, the 
AAENDE’s bi-annual Regional Congress on Non Destructive and Structural 
Testing, whose main topic will be “Non-Destructive Evaluation of Civil Struc-
tures”. Buenos Aires is one of the most important cultural and social capi-
tals in Latin America and the art'21 Conference will be a unique event to 
strengthen relations between the region and the whole world.

   
    TOPICS 

     Environmental protection and control.
  
     Microanalysis and conservation of cultural heritage in South America.
  
     Non-destructive tests on cultural heritage.
  
     Structural control and monitoring of cultural heritage.
  
   Mechanical characterization of the structural components from the 
constructive

 

 

 

 

 

 

 

 

 

 

 

 

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.
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Study by NDTs of the affectation of adhesion in ceramic pieces on the 
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SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

COMMITTEES

Scientific committee

Abel Domato (ICIASA – ESP)

Alba Obrutsky (CNEA - ARG)

Dario Foppoli (AIPnD – ITA)

Fernando Marte (UNSAM – ARG)

Giacomo Chiari (ICCROM – ITA)

Héctor Espejo (CNEA – ARG)

Kaori Fukunaga (Applied Electromagnetic Research Center National Institute of 
ICT - JAP)

Jorge Schneebeli (INTI – UTN – ARG)

Jesús Serrano (AEND - SPA)

Leticia Katzer (UNCUYO – CONICET - ARG)

María Eugenia Prece (ALAMAPIEDRA - ARG)

Marta Ruch (CNEA - ARG)

Massimo Coli  (Firenze University - ITA)

Monica Volinia (Politecnico di Torino – ITA)

Nadia Rosenburt (BRUKE – ARG)

Roberto Felicetti  (Politecnico di Milano – ITA)

Stefano Ridolfi  (La Sapienza University – ITA)

Paolo Bison (CNR-ITC)

Organizing committee

Alejandro García (CNEA - ARG)

Aldo Canova (Politecnico di Torino - ITA)

César G. Belinco (CNEA - ARG)

Cristina Spinosa (CNEA - ARG)

Jorge Schneeebeli (INTI- ARG)

Marta Ruch (CNEA - ARG)

Daniele Bisi (AIPND - ITA)

Ezio Tuberosa (AIPND - ITA)

Michele Carboni (Politecnico di Milano - ITA)

 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.
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CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.



 

 

 

 

 

 

 

 

 

 

 

 

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

 

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.

5.



 

 

 

 

 

 

 

 

 

 

 

 

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

 INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

 

 

 

 

 

 

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".
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USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

 SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

“CONGRESO REGIONAL DE ENSAYOS NO 
DESTRUCTIVOS Y ESTRUCTURALES (XIII 

CORENDE) + INTERNATIONAL CONFERENCE 
ON NON-DESTRUCTIVE INVESTIGATIONS 

AND  MICROANALYSIS FOR THE 
DIAGNOSTICS AND 

CONSERVATION OF CULTURAL AND
ENVIROMENTAL HERITAGE (ART´21)

+

XIII CORENDE

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.
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ENSAYOS DE CALIFICACIÓN SÍSMICA PARA EQUIPOS Y COMPONENTES 
DE CENTRALES NUCLEARES

Sergio D. Lingeri, Martín Ghiselli Alberto - Mariano Arévalo - 
Itai Rozenbaum
lingeri@cnea.gov.ar

Palabras clave

Frecuencias naturales; Central Nuclear, calificación de componentes, 
ensayos sísmicos, vibraciones.

Texto

El empleo de equipos y componentes en centrales nucleares de genera-
ción eléctrica requiere de un previo programa de calificación de esos equi-
pos y componentes a fin de asegurar que los mismos prestarán el servicio 
adecuado en las distintas condiciones ambientales a las que podrán verse 
sometidos. Una parte de ese programa de calificación está orientada a ase-
gurar la correcta operación de los componentes durante y después de 
haber soportado los efectos de un sismo.
Estos programas de calificación de componentes se aplican tanto a los 
correspondientes para nuevas centrales nucleares como a los destinados a 
los programas de mantenimiento o extensión de vida de las centrales 
nucleares existentes. 
Se presenta el marco regulatorio internacional vigente para estos ensayos 
de calificación sísmica, los distintos métodos de calificación que pueden 
emplearse y la experiencia obtenida en CNEA en la calificación sísmica por 
ensayo, de equipos y componentes para las plantas nucleares de genera-
ción eléctrica ubicadas en la República Argentina.

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

ANÁLISIS DE MEDICIONES DE RESISTIVIDAD EN HORMIGONES REFOR-
ZADOS CON FIBRAS

E. D Gomez (1,2); R. Zerbino (3,4,5) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de rmaduras - Resistividad del hormigón - Hormigones reforza-
dos con fibras

Texto

La resistividad del hormigón es un parámetro que indica variaciones en el 
contenido de humedad de un material cementiceo. En términos de corro-
sión de armaduras su registro puede utilizarse como un indicador de sus-
ceptibilidad de deterioro. Diferentes dispositivos y equipos comerciales 
utilizan técnicas de corriente alterna para establecer la resistividad del hor-
migón. En elementos estructurales dañados por corrosión, que presentan 
vulnerabilidad en el diseño de su sección, se pueden realizar refuerzos o 
remplazos de recubrimientos utilizando HRF como estrategia de reparacio-
nes o extensiones de vida. En presencia de fibras metálicas, el registro de la 
resistividad del hormigón con técnicas de corriente alterna es subvalorado, 
por la conductividad de las fibras, siendo necesario establecer factores de 
corrección para valores obtenidos con equipos comerciales diseñados para 
ser utilizados en hormigones convencionales. Con el fin de establecer crite-
rios de medición precisos, se planteó un programa experimental con ele-
mentos de HRF y se realizaron mediciones utilizando un equipo comercial 
y sensores desarrollados para monitorear la corrosión.  Los resultados mos-
traron que las mediciones realizadas con el equipo comercial requieren un 
factor de corrección. A su vez, se realizaron barridos de frecuencias utilizan-
do el sensor y se estableció que utilizando frecuencias de 1Hz se obtienen 
registros más precisos de resistividad en hormigones reforzados con fibras 
metálicas. No se observó influencia significativa del contenido de fibras en 
los resultados.

ESTRUCTURAS DE HORMIGÓN ARMADO DAÑADAS DEBIDO A CORRO-
SIÓN POR CARBONATACIÓN. ESTRATEGIAS PARA LA EVALUACIÓN Y EL 
MONITOREO DE LAS REPARACIONES MEDIANTE LA UTILIZACIÓN DE 
SENSORES.

E. D. Gomez (1,2), J. I. Carricondo (1,2), S. B. Farina (1,3) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de armaduras - Modelos de vida - Sensores de corrosión

Texto

Cuando el hormigón que protege a las armaduras de elementos estructu-
rales se carbonata se inicia un proceso de corrosión generalizada que tiene 
como consecuencia la reducción de la sección y la acumulación de produc-
tos de corrosión. Sin embargo, en ambientes poco húmedos el proceso de 
deterioro se desarrolla lentamente, pudiendo pasar décadas antes de pro-
ducirse perdidas de sección significativas o evidenciar algún daño en el 
recubrimiento por la acumulación de productos de corrosión. En general, 
en elementos estructurales donde la corrosión por carbonatación se desa-
rrolla, el fin de la vida útil está asociado a la aparición de fisuras o desprendi-
mientos en el recubrimiento. La vulnerabilidad de un elemento a manifes-
tar patologías está asociada a aspectos de diseño y constructivos como la 
relación “diámetro de armadura - espesor de recubrimiento” y la calidad del 
material cementiceo. Además de significar un deterioro estético, la apari-
ción de patologías, como fisuras y desprendimientos, favorece el desarrollo 
acelerado del deterioro por corrosión, siendo necesario realizar intervencio-
nes para garantizar la seguridad durante la vida de servicio remanente. En 
este trabajo se proponen estrategias para evaluar reparaciones en estructu-
ras dañadas por corrosión inducida por carbonatación y monitorear la vida 
residual de elementos estructurales mediante el uso de sensores adapta-
dos. Se presentan resultados de trabajos experimentales realizados para la 
adaptación de sensores para su utilización en elementos con geometría 
plana y en reparaciones hechas con materiales cementiceos especiales.

DESARROLLO DE UN MEDIDOR DE ESPESORES DE RECUBRIMIENTOS

Marcelo Gutiérrez, Javier Fava, Rodrigo Romero, Juan Vorobioff y Fede-
rico Checozzi
javier.fava@hotmail.com

Palabras clave

Recubrimientos, lift-off, Corrientes-inducidas

Texto

Es conocida la amplia utilización de medidores de recubrimientos, tanto en 
diferentes industrias como en laboratorios de investigación y desarrollo. 
Generalmente, estos equipos se fabrican para realizar mediciones sobre un 
número limitado de pares substrato-recubrimiento, reduciendo el rango de 
aplicaciones. Disponer de un equipo de desarrollo propio, ampliará los atri-
butos no contemplados en los equipos comerciales.
Se desarrolló un medidor de espesores que aplica el método de corrientes 
inducidas. En la etapa actual del desarrollo se midieron espesores de recu-
brimientos no conductores sobre sustratos no ferromagnéticos. Parte del 
circuito del medidor está compuesto de un oscilador Colpittts. La impedan-
cia del conjunto se modifica según el lift-off, y esto genera cambios en la 
frecuencia de resonancia. La curva de calibración del sistema se determina 
a través de la variación de la frecuencia de resonancia en función del lift-off. 
El sistema se probó con espesores entre 25 y 905 micrones sobre aluminio 
6061 y sobre Zry-4; obteniéndose resultados muy satisfactorios. 
Se presentarán los desarrollos logrados y los resultados obtenidos. También 
se discutirá la posible aplicación sobre materiales ferromagnéticos y en 
situaciones donde se tenga que extender la longitud de los cables.

ESTUDIO MAGNÉTICO DE LA TRANSFORMACIÓN INDUCIDA POR DE-
FORMACIÓN EN FRÍO EN ACEROS INOXIDABLES AUSTENÍTICOS

Miriam Rocío Neyra Astudillo (1), Cristina Spinosa (3),  Mónica Landau (3),  
Guido Ferrari (2), Martin Gómez (1) 
mneyrast@gmail.com

Palabras clave

Ruido Magnético Barkhausen, Emisión Magneto Acústica, austenita, mar-
tensita

Texto

La fase austenita-γ en los aceros inoxidables austeníticos es metaestable. 
Cuando es deformada en frío puede transformarse parcialmente a marten-
sita- �´ ferromagnética. la cantidad de α’ formada depende de la composi-
ción química del acero, de la temperatura del proceso y de la deformación 
aplicada. A partir de tratamientos térmicos por encima de la temperatura 
de inicio de la Austenita AS, la estructura austenítica puede ser recuperada. 
El Ruido Magnético Barkhausen (RMB) y la Emisión Magneto Acústica 
(EMA), son técnicas magnéticas muy sensibles a la microestructura, a las 
tensiones residuales y a la deformación de los materiales ferromagnéticos. 
Cuando se somete un material ferromagnético a un campo magnético 
oscilante producido por una corriente eléctrica cuya amplitud varía lenta-
mente de manera cíclica, se produce en el material excitado el movimiento 
de las Paredes de los Dominios Magnéticos que origina el RMB.  Se originan 
principalmente dos respuestas tipo ruido que se propagan de manera 
ondulatoria, una magnética (RMB) detectable con una bobina colectora 
sobre la superficie del material y otra elástica que puede detectarse colo-
cando un sensor de emisión acústica (EMA). En este trabajo se evalúa me-
diante RMB y EMA para evaluar el contenido de martensita �’ en diferentes 
muestras de aceros inoxidables austeníticos deformadas por laminación en 
frío y tratadas térmicamente para revertir a austenita. En las mismas no se 
ha completado la austenización y por ello presentan ambas fases y un com-
portamiento magnético, el cual decrece a medida que la fracción de la fase 
� aumenta para los Tratamientos Térmicos (TT) de mayor temperatura. Se 
hizo un análisis temporal y frecuencial de las señales y se calculó su valor 
RMS. Se observó que el RMB y EMA disminuyen con el menor contenido de 
martensita �’ para materiales sometidos a TT de mayor temperatura. La 
cantidad de martensita también se midió con un ferrideltímetro comercial 
que reveló una concordancia con los resultados obtenidos con los métodos 
magnéticos. El RMB y la EMA mostraron ser técnicas eficaces en la detec-
ción de la presencia de martensita.

EMISIÓN ACÚSTICA Y EVOLUCIÓN DE DAÑO EN VIGAS DE HORMIGÓN 
ARMADO SOMETIDAS A CARGA CÍCLICA

Hernán Xargay (1,2) Marianela Ripani (2,3)
hernanxargay@gmail.com

Palabras clave

Emisión Acústica, Hormigón Armado, Ensayo de carga, Daño

Texto

En este trabajo se presentan los resultados de ensayos a rotura de vigas de 
hormigón armado, monitoreadas continuamente con el método de Emi-
sión Acústica (EA). Se diseñaron dos disposiciones diferentes de armaduras 
de refuerzo, con o sin estribos, para obtener modos de falla por flexión o 
corte, respectivamente. Además, algunas de las vigas fueron reforzadas adi-
cionalmente con fibras de acero en la mezcla de hormigón. Se aplicó un 
procedimiento de carga caracterizado por varios ciclos de amplitud cre-
ciente hasta alcanzar la capacidad máxima de las vigas. Se presentan y 
comparan los comportamientos de falla de las vigas y la aptitud de cuatro 
índices basados en EA para evaluar su nivel de daño. La incorporación de 
fibras de acero mejoró la resistencia al corte al restringir el desarrollo de 
fisuras inclinadas en la viga sin estribos. Finalmente, se puede concluir que 
los índices EA mostraron en todos los casos una buena correlación con el 
inicio y el progreso de la fisuración.

INSPECCIÓN DE ÁLABES DE TURBINA IN-SITU

Jose Brizuela(1); Joaquín Fernández Bugna(2); Javier Podetti(3); Claudio 
Ziobrowski(4); Carlos Desimone(5)
josebrizuela@conicet.gov.ar

Palabras clave

Turbinas de vapor, END en mantenimiento, Elementos Finitos, Phased 
Array

Texto

Las centrales eléctricas utilizan turbinas de vapor para extraer el máximo 
potencial al calor del vapor producido en un reactor nuclear, caldera de 
carbón o calderas de recuperación de calor de turbina de gas, etc. En gene-
ral, las turbinas de vapor están construidas con filas de álabes aerodinámi-
cos (etapas) montados radialmente que van presentando gradualmente 
mayor longitud radial desde la primera fila (a la entrada del vapor) hasta la 
última fila de la salida, correspondiente a la etapa de baja presión (LSB). Las 
condiciones de operación de las turbinas siempre son complejas y varia-
bles, por lo tanto, los álabes del rotor LSB requieren de un exhaustivo con-
trol de su integridad para garantizar la seguridad operacional del sistema. 
Este trabajo presenta brevemente una serie de estudios elaborados para 
lograr una estrategia eficiente de inspección a manera de poder evaluar los 
álabes de la última etapa de baja presión (L0) durante las paradas de man-
tenimiento programado. Con este objetivo se realizaron cálculos mediante 
el método de elementos finitos (FEM) sobre las zonas críticas de los alabes 
L0, a fin de determinar los sitios de iniciación de fisuras, como así también, 
el tamaño de fisura crítica. Luego, en función del crecimiento de ésta, se 
estableció el intervalo de inspección, en condiciones estables de operación. 
A partir de estos resultados se determinaron los métodos de Ensayos No 
Destructivos (END) más eficientes para ser aplicados in-situ. En particular, 
se describe el proceso de inspección diseñado para evaluar la integridad de 
las raíces de los álabes, que se realizó mediante la tecnología de phased 
array (PAUT) y partículas magnetizables (PM).

REPARACIÓN DE UNA COLUMNA DE PRESIÓN ANTE LA EJECUCIÓN DE 
UNA ABERTURA EN EL CUERPO CILÍNDRICO, DEBIDO AL RECAMBIO DE 
INTERNOS

Héctor Sanzi
tecsaing@tecsaing.com.ar

Palabras clave

REPARACIÓN RECIPIENTE, SIMULACION COMPUTACIONAL, END

Texto

Ante el recambio de internos de gran tamaño en una columna de proceso 
instalada en una planta industrial, es de práctica habitual la ejecución de 
una abertura sobre el cuerpo de presión, con el objeto de realizar los traba-
jos necesarios para llevar a cabo los cortes y posterior reparación.
Es importante bajo esta situación, además de analizar el procedimiento de 
corte y reparación y contar con la logística necesaria, llevar a cabo un minu-
cioso estudio de integridad para asegurar y evitar posibles deformaciones 
durante dicho procedimiento o posteriores, una vez que el componente ya 
se encuentra en operación.
Si bien durante el trabajo de corte, el recipiente se encuentra sin presión 
interior, los estados de carga de peso propio, viento y/o sismo, como así 
también el aporte de calor consecuencia del procedimiento de soldadura 
seleccionado, pueden afectar la integridad estructural del mismo, alcan-
zando deformaciones inadmisibles que imposibiliten su reparación poste-
rior, involucrando un costo adicional, al menos, no contemplado en la etapa 
inicial. Ante esta situación, es importante analizar a través de un estudio de 
integridad estructural, la necesidad de colocar rigidizadores adicionales 
para evitar deformaciones durante el proceso de corte.
Este tipo de requerimiento se realiza cuando el componente ya cuenta con 
una cierta cantidad de años en servicio, en donde la degradación por corro-
sión u otros mecanismos de falla y el estado general del material, particular-
mente si opera a baja o alta temperatura, entre otros, pueden afectar o limi-
tar dicho estudio de integridad.
Para llevar a cabo un estudio completo de integridad, es fundamental 
contar con toda la documentación técnica que asegurar un resultado satis-
factorio. Así las Prácticas Recomendadas API 579 presentan, en función de 
la documentación existente, una clasificación en cuanto al tipo de análisis a 
utilizar, identificando diferentes Niveles de Evaluación para encarar el estu-
dio de integridad.  En este trabajo, a partir de un modelo de elementos fini-
tos tridimensional, se presenta un procedimiento de reparación y evalua-
ción de una columna de presión que se encuentra en servicio y donde se 
debe realizar un recambio de internos, haciendo necesario la ejecución de 
una abertura de 2 mts x 3 mts, sobre el cuerpo cilíndrico. Se mencionan las 
tareas adicionales necesarias de END que deberán ser realizadas para ase
gurar un trabajo seguro y que complementan al estudio de integridad.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.

CONTROL DE CALIDAD MEDIANTE END DE LA COLOCACIÓN DE FRP 
EN ESTRUCTURAS DE HORMIGÓN ARMADo

Marcelo Guzmán- Gustavo Palazzo - Victor Roldan 
mguzman@solidus-ing.com

Palabras clave

Refuerzo-Rehabilitación, FRP, Colocación, Control de calidad, END

Texto

Las estructuras existentes pueden requerir una rehabilitación o refuerzo 
estructural debido a un cambio de destino o adecuación a un nuevo regla-
mento, o también cuando se encuentran en ellas deficiencias o patologías. 
Entre las diversas estrategias de refuerzo y rehabilitación se tiene los polí-
meros reforzados con fibra (FRP por su denominación en inglés). En gene-
ral, el FRP se presenta en forma de pletinas o tejidos que se adhieren a 
estructuras de acero, madera u hormigón armado (H°A°), a efectos de 
aumentar la resistencia de diseño de elementos estructurales, o para lograr 
un aumento en el confinamiento y la ductilidad en sectores de estructuras 
de H°A°. Se observa entonces que la adherencia entre el FRP y la superficie 
donde se coloca es de fundamental importancia. Para asegurar esa adhe-
rencia los reglamentos establecen procedimientos antes, durante y con 
posterioridad a la colocación de este refuerzo. Estos procedimientos tienen 
que ver con técnicas de ensayos no destructivas (END), así como también, 
con otras técnicas mínimamente invasivas a las que también se las podría 
considerar como END. Este trabajo tiene por objeto analizar esos requeri-
mientos para estructuras de H°A°, y mostrar la implementación de las técni-
cas antes comentadas que se han llevado a cabo en obras de Argentina. En 
la primera parte del trabajo se establecen los requerimientos que normas 
americanas y europeas establecen para la aplicación de FRP. Luego se des-
criben las características de obras en Argentina donde se ha implementado 
esta estrategia de refuerzo/rehabilitación. En la tercera parte se detalla el 
proceso de evaluación de adherencia implementado en ellas, así como el 
estudio de los resultados obtenidos. En las conclusiones se resaltan los 
aspectos fundamentales que deben considerarse en el proceso de asegura-
miento de la calidad de colocación del FRP, así como los criterios de acepta-
ción en cada etapa de ese proceso.

TERMOGRAFÍA COMO HERRAMIENTA DE DIAGNÓSTICO EN OBRAS CIVI-
LES Y BIENES CULTURALES.

Arq. Ivanna Todaro; Arq.Germán Alonso; Arq. Miguel Mancini 
itodaro@inti.gob.ar

Palabras clave

Termografía Aplicada a la Construcción

Texto

Las herramientas utilizadas para la evaluación del estado de los bienes 
inmuebles nos brindan información valiosa para prevenir y/o reconocer pro-
blemáticas, o bien para identificar características constructivas de los 
mismos. Consideramos que es importante alcanzar un pre-diagnóstico 
utilizando los recursos y equipamientos pertinentes a los escenarios que se 
nos presentan. La utilización de la termografía como herramienta que nos 
permite alcanzar nuestros objetivos en cuanto al estudio de estos bienes de 
una forma no invasiva. Entre las distintas aplicaciones dentro de las obras 
civiles la termografía nos puede dar la posibilidad de reconocer sistemas 
constructivos, modificaciones o adhesiones en los mismos, evaluar filtra-
ciones en instalaciones sanitarias y/o infiltraciones de agua en la envolvente 
del edificio, posibles puentes térmicos o pérdidas de calor en cerramientos, 
como también prevenir deficiencias en el sistema eléctrico. 
La posibilidad de utilizar esta técnica de estudio la posiciona como herra-
mienta valiosa en toda obra civil y especialmente en bienes con valor patri-
monial. Sabemos de la importancia y de la responsabilidad que implica 
intervenir en estos edificios históricos, por lo tanto, la metodología menos 
invasiva es fundamental para conservar la integridad y la identidad de 
nuestras huellas históricas y culturales.

DESARROLLO DE UN EQUIPO MODULAR DE BAJO COSTO PARA LA CA-
RACTERIZACIÓN DE MATERIALES Y PROCESOS UTILIZANDO LA TÉCNI-
CA INTERFEROMÉTRICA OCT (TOMOGRAFÍA DE COHERENCIA ÓPTICA) 

Tabla Pablo (1), Eneas Morel (2), Jorge Torga (3)
ptabla@frd.utn.edu.ar

Palabras clave

Óptica, OCT, tomografía, topografía, perfilometría

Texto

El objetivo central del trabajo es el presentar un equipo modular industrial 
de bajo costo utilizando la técnica interferometría de baja coherencia OCT 
(tomografía de coherencia óptica) para la caracterización de materiales y 
procesos. La técnica es no destructiva y sin contacto, permite determinar 
topografías y tomografías con un rango de 2 mm de espesor o profundidad 
y áreas en el orden del cm2 con una resolución espacial inferior al micrón. El 
equipo tiene un diseño modular con un enfoque en aplicaciones para con-
trol de calidad y monitoreo de procesos de producción en tiempo real e “in 
situ”. La medición se efectúa iluminando uno o varios puntos de la muestra 
y analizando las reflexiones con un código de procesamiento de señal. La 
técnica permite caracterizar procesos de cristalización, polimerización, 
secado de pinturas, lograr tomografías en muestras multicapa semitrans-
parentes y topografías en muestras opacas como metal. Se presentan 
resultados de diferentes caracterizaciones: espesores de recubrimientos 
(laca sobre tejido de fibra de carbono), rugosidad superficial (piezas metáli-
cas con diferentes mecanizados) entre las aplicaciones más destacadas.

UTILIZACIÓN DE LA EMISIÓN ACÚSTICA PARA EVALUACIÓN DEL 
DAÑOEN MATERIALES COMPUESTOS LAMINARES HÍBRIDOS

Guido Ferrari 1, Martín Gómez 1,2
guicferrari@gmail.com

Palabras clave

Emisión Acústica, material compuesto hibrido, ensayos no destructivos, 
flexión

Texto

La Emisión Acústica (EA) es una técnica de END ampliamente utilizada 
para el estudio de materiales compuestos dado que permite obtener infor-
mación de las fuentes que generan esta la emisión que suelen estar relacio-
nadas con defectos y fallas del material. Habitualmente se puede asociar el 
nivel de EA con la intensidad de la solicitación mecánica del material anali-
zando las cargas críticas sobre este antes de llegar a la rotura del compo-
nente y además, contando con un número suficiente de sensores, se 
pueden posicionar las fuentes que emiten dicha información ultrasónica 
para su posterior individualización y análisis. 
En el presente trabajo se ensayaron probetas de material compuesto lami-
nar híbrido (fibra de carbono – fibra de vidrio – resina polimérica) las cuales 
fueron construidas de manera tal de tener discontinuidades en el multila-
minado simulando defectos de fabricación tendientes a disminuir la resis-
tencia estructural del material. En la experimentación se estudiaron probe-
tas que fueron solicitadas mecánicamente a la flexión en ensayos de tres 
puntos. Durante los ensayos se midió la EA con 4 sensores piezoeléctricos 
para detectar y posicionar las fuentes de EA dentro del material. Adicional-
mente se digitalizó la carga de flexión de manera simultánea con la EA. Se 
estudiaron los parámetros de EA Amplitud, número de cuentas y energía 
MARSE principalmente. Se midió la velocidad de propagación de las ondas 
elásticas para el material y analizando los tiempos de vuelo hasta los 4 sen-
sores para cada evento se pudo establecer la posición de los defectos y la 
carga mecánica a la cual emiten EA. Luego de un filtrado en amplitud y del 
post procesamiento de la información a partir de las cuentas y la energía 
acumulada, los resultados permitieron asociar el nivel de carga mecánica, 
con las zonas de alta emisión y los defectos macroscópicos producidos 
durante la fabricación de las piezas.

OBSERVATORIO DE END EN ARGENTINA, UNA HERRAMIENTA PARA 
IMPULSAR EL SECTOR

Virginia Kuklis, Sabrina Accorinti, Ignacio Fraile, Pablo González Táboas, 
Juan Manuel Labanca y Jorge Schneebeli
prgonzalez@inti.gob.ar

Palabras clave

Extensometría; Central Nuclear, Elementos Finitos, Ensayos de Componen-
te Nucleares, Tensiones, Deformaciones

Texto

La disciplina de Ensayos No Destructivos en Argentina mantiene su creci-
miento a través de los años como así también su dinámica particular, que 
impacta transversalmente en varios rubros de la actividad industrial del 
país.
Hoy en día se trata de un ámbito que involucra una gran diversidad de acto-
res, tanto nacionales como internacionales que se relacionan entre sí de 
distintas maneras. Entre ellos podemos identificar, a modo de ejemplo, 
organismos de regulación, asociaciones civiles, empresas que prestan ser-
vicios, empresas que los demandan e instituciones académicas. 
En este escenario tan complejo, el desafío que se plantea es potenciar, arti-
cular y complementar las capacidades del sector de los END de manera de 
generar más fuentes de trabajo y mejorar la eficiencia de la industria nacio-
nal, y plantear su rol estratégico en aspectos de seguridad pública.
En este sentido, a partir de la vinculación estratégica entre Organismos 
públicos y privados, como ser el INTI y CEENDRA, surgió el interés en la 
creación de un Observatorio del sector de los END en Argentina, que fun-
cione de referencia para el sector. 
En este trabajo se presentará el camino recorrido por las instituciones, un 
mapa del sector de los END, los objetivos y antecedentes del Observatorio y 
sus potencialidades. Se expondrá también la experiencia de INTI-Mecánica 
en el trabajo con otros sectores industriales, su relevamiento de empresas 
de END y el trabajo que viene realizando la Cámara empresaria en este sen-
tido.

APLICACIÓN DE EXTENSOMETRÍA EN ENSAYOS DE PANDEO SOBRE 
COMPONENTES NUCLEARES

Mariano Arévalo; Alberto Martín Ghiselli;Giselle Villabrille;Gabriel
Cataldo  
marevalo@cnea.gov.ar

Palabras clave

Extensometría; Central Nuclear, Elementos Finitos, Ensayos de Componen-
te Nucleares, Tensiones, Deformaciones

Texto

Se presentan los resultados de una serie de ensayos de pandeo realizados 
sobre uno de los componentes internos de un reactor PHWR. Los mismos 
se llevaron a cabo para caracterizar una condición del sistema en la cual se 
producen dilataciones diferenciales de la vasija del reactor. Esta carga 
térmica, en conjunto con una condición de vínculo especial, provoca una 
solicitación mecánica del componente durante la parada del reactor no 
prevista en el diseño. Por lo tanto, a fin de determinar el estado de tensio-
nes en esta situación, se construyó un dispositivo (mock-up) que permita 
reproducir las condiciones de pandeo sobre el componente de manera de 
relevar las fuerzas y el desplazamiento resultante. Adicionalmente a las me-
diciones de cargas y flechas de pandeo, se colocaron un conjunto de exten-
sómetros en las zonas más comprometidas a fin de obtener el estado de 
deformaciones y tensiones resultante. Con los datos provenientes de los 
ensayos realizados se confeccionó un modelo de elementos finitos no lineal 
del sistema y se validaron los resultados del mismo. Esto permitió hallar el 
estado de concentración de tensiones en otras zonas del conjunto a fin de 
obtener el margen de seguridad del componente ensayado y verificar que 
no se supera el límite elástico del material del mismo.
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ENSAYOS DE CALIFICACIÓN SÍSMICA PARA EQUIPOS Y COMPONENTES 
DE CENTRALES NUCLEARES

Sergio D. Lingeri, Martín Ghiselli Alberto - Mariano Arévalo - 
Itai Rozenbaum
lingeri@cnea.gov.ar

Palabras clave

Frecuencias naturales; Central Nuclear, calificación de componentes, 
ensayos sísmicos, vibraciones.

Texto

El empleo de equipos y componentes en centrales nucleares de genera-
ción eléctrica requiere de un previo programa de calificación de esos equi-
pos y componentes a fin de asegurar que los mismos prestarán el servicio 
adecuado en las distintas condiciones ambientales a las que podrán verse 
sometidos. Una parte de ese programa de calificación está orientada a ase-
gurar la correcta operación de los componentes durante y después de 
haber soportado los efectos de un sismo.
Estos programas de calificación de componentes se aplican tanto a los 
correspondientes para nuevas centrales nucleares como a los destinados a 
los programas de mantenimiento o extensión de vida de las centrales 
nucleares existentes. 
Se presenta el marco regulatorio internacional vigente para estos ensayos 
de calificación sísmica, los distintos métodos de calificación que pueden 
emplearse y la experiencia obtenida en CNEA en la calificación sísmica por 
ensayo, de equipos y componentes para las plantas nucleares de genera-
ción eléctrica ubicadas en la República Argentina.

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

ANÁLISIS DE MEDICIONES DE RESISTIVIDAD EN HORMIGONES REFOR-
ZADOS CON FIBRAS

E. D Gomez (1,2); R. Zerbino (3,4,5) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de rmaduras - Resistividad del hormigón - Hormigones reforza-
dos con fibras

Texto

La resistividad del hormigón es un parámetro que indica variaciones en el 
contenido de humedad de un material cementiceo. En términos de corro-
sión de armaduras su registro puede utilizarse como un indicador de sus-
ceptibilidad de deterioro. Diferentes dispositivos y equipos comerciales 
utilizan técnicas de corriente alterna para establecer la resistividad del hor-
migón. En elementos estructurales dañados por corrosión, que presentan 
vulnerabilidad en el diseño de su sección, se pueden realizar refuerzos o 
remplazos de recubrimientos utilizando HRF como estrategia de reparacio-
nes o extensiones de vida. En presencia de fibras metálicas, el registro de la 
resistividad del hormigón con técnicas de corriente alterna es subvalorado, 
por la conductividad de las fibras, siendo necesario establecer factores de 
corrección para valores obtenidos con equipos comerciales diseñados para 
ser utilizados en hormigones convencionales. Con el fin de establecer crite-
rios de medición precisos, se planteó un programa experimental con ele-
mentos de HRF y se realizaron mediciones utilizando un equipo comercial 
y sensores desarrollados para monitorear la corrosión.  Los resultados mos-
traron que las mediciones realizadas con el equipo comercial requieren un 
factor de corrección. A su vez, se realizaron barridos de frecuencias utilizan-
do el sensor y se estableció que utilizando frecuencias de 1Hz se obtienen 
registros más precisos de resistividad en hormigones reforzados con fibras 
metálicas. No se observó influencia significativa del contenido de fibras en 
los resultados.

ESTRUCTURAS DE HORMIGÓN ARMADO DAÑADAS DEBIDO A CORRO-
SIÓN POR CARBONATACIÓN. ESTRATEGIAS PARA LA EVALUACIÓN Y EL 
MONITOREO DE LAS REPARACIONES MEDIANTE LA UTILIZACIÓN DE 
SENSORES.

E. D. Gomez (1,2), J. I. Carricondo (1,2), S. B. Farina (1,3) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de armaduras - Modelos de vida - Sensores de corrosión

Texto

Cuando el hormigón que protege a las armaduras de elementos estructu-
rales se carbonata se inicia un proceso de corrosión generalizada que tiene 
como consecuencia la reducción de la sección y la acumulación de produc-
tos de corrosión. Sin embargo, en ambientes poco húmedos el proceso de 
deterioro se desarrolla lentamente, pudiendo pasar décadas antes de pro-
ducirse perdidas de sección significativas o evidenciar algún daño en el 
recubrimiento por la acumulación de productos de corrosión. En general, 
en elementos estructurales donde la corrosión por carbonatación se desa-
rrolla, el fin de la vida útil está asociado a la aparición de fisuras o desprendi-
mientos en el recubrimiento. La vulnerabilidad de un elemento a manifes-
tar patologías está asociada a aspectos de diseño y constructivos como la 
relación “diámetro de armadura - espesor de recubrimiento” y la calidad del 
material cementiceo. Además de significar un deterioro estético, la apari-
ción de patologías, como fisuras y desprendimientos, favorece el desarrollo 
acelerado del deterioro por corrosión, siendo necesario realizar intervencio-
nes para garantizar la seguridad durante la vida de servicio remanente. En 
este trabajo se proponen estrategias para evaluar reparaciones en estructu-
ras dañadas por corrosión inducida por carbonatación y monitorear la vida 
residual de elementos estructurales mediante el uso de sensores adapta-
dos. Se presentan resultados de trabajos experimentales realizados para la 
adaptación de sensores para su utilización en elementos con geometría 
plana y en reparaciones hechas con materiales cementiceos especiales.

DESARROLLO DE UN MEDIDOR DE ESPESORES DE RECUBRIMIENTOS

Marcelo Gutiérrez, Javier Fava, Rodrigo Romero, Juan Vorobioff y Fede-
rico Checozzi
javier.fava@hotmail.com
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Texto

Es conocida la amplia utilización de medidores de recubrimientos, tanto en 
diferentes industrias como en laboratorios de investigación y desarrollo. 
Generalmente, estos equipos se fabrican para realizar mediciones sobre un 
número limitado de pares substrato-recubrimiento, reduciendo el rango de 
aplicaciones. Disponer de un equipo de desarrollo propio, ampliará los atri-
butos no contemplados en los equipos comerciales.
Se desarrolló un medidor de espesores que aplica el método de corrientes 
inducidas. En la etapa actual del desarrollo se midieron espesores de recu-
brimientos no conductores sobre sustratos no ferromagnéticos. Parte del 
circuito del medidor está compuesto de un oscilador Colpittts. La impedan-
cia del conjunto se modifica según el lift-off, y esto genera cambios en la 
frecuencia de resonancia. La curva de calibración del sistema se determina 
a través de la variación de la frecuencia de resonancia en función del lift-off. 
El sistema se probó con espesores entre 25 y 905 micrones sobre aluminio 
6061 y sobre Zry-4; obteniéndose resultados muy satisfactorios. 
Se presentarán los desarrollos logrados y los resultados obtenidos. También 
se discutirá la posible aplicación sobre materiales ferromagnéticos y en 
situaciones donde se tenga que extender la longitud de los cables.

ESTUDIO MAGNÉTICO DE LA TRANSFORMACIÓN INDUCIDA POR DE-
FORMACIÓN EN FRÍO EN ACEROS INOXIDABLES AUSTENÍTICOS

Miriam Rocío Neyra Astudillo (1), Cristina Spinosa (3),  Mónica Landau (3),  
Guido Ferrari (2), Martin Gómez (1) 
mneyrast@gmail.com
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tensita

Texto

La fase austenita-γ en los aceros inoxidables austeníticos es metaestable. 
Cuando es deformada en frío puede transformarse parcialmente a marten-
sita- �´ ferromagnética. la cantidad de α’ formada depende de la composi-
ción química del acero, de la temperatura del proceso y de la deformación 
aplicada. A partir de tratamientos térmicos por encima de la temperatura 
de inicio de la Austenita AS, la estructura austenítica puede ser recuperada. 
El Ruido Magnético Barkhausen (RMB) y la Emisión Magneto Acústica 
(EMA), son técnicas magnéticas muy sensibles a la microestructura, a las 
tensiones residuales y a la deformación de los materiales ferromagnéticos. 
Cuando se somete un material ferromagnético a un campo magnético 
oscilante producido por una corriente eléctrica cuya amplitud varía lenta-
mente de manera cíclica, se produce en el material excitado el movimiento 
de las Paredes de los Dominios Magnéticos que origina el RMB.  Se originan 
principalmente dos respuestas tipo ruido que se propagan de manera 
ondulatoria, una magnética (RMB) detectable con una bobina colectora 
sobre la superficie del material y otra elástica que puede detectarse colo-
cando un sensor de emisión acústica (EMA). En este trabajo se evalúa me-
diante RMB y EMA para evaluar el contenido de martensita �’ en diferentes 
muestras de aceros inoxidables austeníticos deformadas por laminación en 
frío y tratadas térmicamente para revertir a austenita. En las mismas no se 
ha completado la austenización y por ello presentan ambas fases y un com-
portamiento magnético, el cual decrece a medida que la fracción de la fase 
� aumenta para los Tratamientos Térmicos (TT) de mayor temperatura. Se 
hizo un análisis temporal y frecuencial de las señales y se calculó su valor 
RMS. Se observó que el RMB y EMA disminuyen con el menor contenido de 
martensita �’ para materiales sometidos a TT de mayor temperatura. La 
cantidad de martensita también se midió con un ferrideltímetro comercial 
que reveló una concordancia con los resultados obtenidos con los métodos 
magnéticos. El RMB y la EMA mostraron ser técnicas eficaces en la detec-
ción de la presencia de martensita.

EMISIÓN ACÚSTICA Y EVOLUCIÓN DE DAÑO EN VIGAS DE HORMIGÓN 
ARMADO SOMETIDAS A CARGA CÍCLICA

Hernán Xargay (1,2) Marianela Ripani (2,3)
hernanxargay@gmail.com
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Texto

En este trabajo se presentan los resultados de ensayos a rotura de vigas de 
hormigón armado, monitoreadas continuamente con el método de Emi-
sión Acústica (EA). Se diseñaron dos disposiciones diferentes de armaduras 
de refuerzo, con o sin estribos, para obtener modos de falla por flexión o 
corte, respectivamente. Además, algunas de las vigas fueron reforzadas adi-
cionalmente con fibras de acero en la mezcla de hormigón. Se aplicó un 
procedimiento de carga caracterizado por varios ciclos de amplitud cre-
ciente hasta alcanzar la capacidad máxima de las vigas. Se presentan y 
comparan los comportamientos de falla de las vigas y la aptitud de cuatro 
índices basados en EA para evaluar su nivel de daño. La incorporación de 
fibras de acero mejoró la resistencia al corte al restringir el desarrollo de 
fisuras inclinadas en la viga sin estribos. Finalmente, se puede concluir que 
los índices EA mostraron en todos los casos una buena correlación con el 
inicio y el progreso de la fisuración.

INSPECCIÓN DE ÁLABES DE TURBINA IN-SITU

Jose Brizuela(1); Joaquín Fernández Bugna(2); Javier Podetti(3); Claudio 
Ziobrowski(4); Carlos Desimone(5)
josebrizuela@conicet.gov.ar
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Array

Texto

Las centrales eléctricas utilizan turbinas de vapor para extraer el máximo 
potencial al calor del vapor producido en un reactor nuclear, caldera de 
carbón o calderas de recuperación de calor de turbina de gas, etc. En gene-
ral, las turbinas de vapor están construidas con filas de álabes aerodinámi-
cos (etapas) montados radialmente que van presentando gradualmente 
mayor longitud radial desde la primera fila (a la entrada del vapor) hasta la 
última fila de la salida, correspondiente a la etapa de baja presión (LSB). Las 
condiciones de operación de las turbinas siempre son complejas y varia-
bles, por lo tanto, los álabes del rotor LSB requieren de un exhaustivo con-
trol de su integridad para garantizar la seguridad operacional del sistema. 
Este trabajo presenta brevemente una serie de estudios elaborados para 
lograr una estrategia eficiente de inspección a manera de poder evaluar los 
álabes de la última etapa de baja presión (L0) durante las paradas de man-
tenimiento programado. Con este objetivo se realizaron cálculos mediante 
el método de elementos finitos (FEM) sobre las zonas críticas de los alabes 
L0, a fin de determinar los sitios de iniciación de fisuras, como así también, 
el tamaño de fisura crítica. Luego, en función del crecimiento de ésta, se 
estableció el intervalo de inspección, en condiciones estables de operación. 
A partir de estos resultados se determinaron los métodos de Ensayos No 
Destructivos (END) más eficientes para ser aplicados in-situ. En particular, 
se describe el proceso de inspección diseñado para evaluar la integridad de 
las raíces de los álabes, que se realizó mediante la tecnología de phased 
array (PAUT) y partículas magnetizables (PM).

REPARACIÓN DE UNA COLUMNA DE PRESIÓN ANTE LA EJECUCIÓN DE 
UNA ABERTURA EN EL CUERPO CILÍNDRICO, DEBIDO AL RECAMBIO DE 
INTERNOS

Héctor Sanzi
tecsaing@tecsaing.com.ar
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Texto

Ante el recambio de internos de gran tamaño en una columna de proceso 
instalada en una planta industrial, es de práctica habitual la ejecución de 
una abertura sobre el cuerpo de presión, con el objeto de realizar los traba-
jos necesarios para llevar a cabo los cortes y posterior reparación.
Es importante bajo esta situación, además de analizar el procedimiento de 
corte y reparación y contar con la logística necesaria, llevar a cabo un minu-
cioso estudio de integridad para asegurar y evitar posibles deformaciones 
durante dicho procedimiento o posteriores, una vez que el componente ya 
se encuentra en operación.
Si bien durante el trabajo de corte, el recipiente se encuentra sin presión 
interior, los estados de carga de peso propio, viento y/o sismo, como así 
también el aporte de calor consecuencia del procedimiento de soldadura 
seleccionado, pueden afectar la integridad estructural del mismo, alcan-
zando deformaciones inadmisibles que imposibiliten su reparación poste-
rior, involucrando un costo adicional, al menos, no contemplado en la etapa 
inicial. Ante esta situación, es importante analizar a través de un estudio de 
integridad estructural, la necesidad de colocar rigidizadores adicionales 
para evitar deformaciones durante el proceso de corte.
Este tipo de requerimiento se realiza cuando el componente ya cuenta con 
una cierta cantidad de años en servicio, en donde la degradación por corro-
sión u otros mecanismos de falla y el estado general del material, particular-
mente si opera a baja o alta temperatura, entre otros, pueden afectar o limi-
tar dicho estudio de integridad.
Para llevar a cabo un estudio completo de integridad, es fundamental 
contar con toda la documentación técnica que asegurar un resultado satis-
factorio. Así las Prácticas Recomendadas API 579 presentan, en función de 
la documentación existente, una clasificación en cuanto al tipo de análisis a 
utilizar, identificando diferentes Niveles de Evaluación para encarar el estu-
dio de integridad.  En este trabajo, a partir de un modelo de elementos fini-
tos tridimensional, se presenta un procedimiento de reparación y evalua-
ción de una columna de presión que se encuentra en servicio y donde se 
debe realizar un recambio de internos, haciendo necesario la ejecución de 
una abertura de 2 mts x 3 mts, sobre el cuerpo cilíndrico. Se mencionan las 
tareas adicionales necesarias de END que deberán ser realizadas para ase
gurar un trabajo seguro y que complementan al estudio de integridad.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.

CONTROL DE CALIDAD MEDIANTE END DE LA COLOCACIÓN DE FRP 
EN ESTRUCTURAS DE HORMIGÓN ARMADo

Marcelo Guzmán- Gustavo Palazzo - Victor Roldan 
mguzman@solidus-ing.com
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Texto

Las estructuras existentes pueden requerir una rehabilitación o refuerzo 
estructural debido a un cambio de destino o adecuación a un nuevo regla-
mento, o también cuando se encuentran en ellas deficiencias o patologías. 
Entre las diversas estrategias de refuerzo y rehabilitación se tiene los polí-
meros reforzados con fibra (FRP por su denominación en inglés). En gene-
ral, el FRP se presenta en forma de pletinas o tejidos que se adhieren a 
estructuras de acero, madera u hormigón armado (H°A°), a efectos de 
aumentar la resistencia de diseño de elementos estructurales, o para lograr 
un aumento en el confinamiento y la ductilidad en sectores de estructuras 
de H°A°. Se observa entonces que la adherencia entre el FRP y la superficie 
donde se coloca es de fundamental importancia. Para asegurar esa adhe-
rencia los reglamentos establecen procedimientos antes, durante y con 
posterioridad a la colocación de este refuerzo. Estos procedimientos tienen 
que ver con técnicas de ensayos no destructivas (END), así como también, 
con otras técnicas mínimamente invasivas a las que también se las podría 
considerar como END. Este trabajo tiene por objeto analizar esos requeri-
mientos para estructuras de H°A°, y mostrar la implementación de las técni-
cas antes comentadas que se han llevado a cabo en obras de Argentina. En 
la primera parte del trabajo se establecen los requerimientos que normas 
americanas y europeas establecen para la aplicación de FRP. Luego se des-
criben las características de obras en Argentina donde se ha implementado 
esta estrategia de refuerzo/rehabilitación. En la tercera parte se detalla el 
proceso de evaluación de adherencia implementado en ellas, así como el 
estudio de los resultados obtenidos. En las conclusiones se resaltan los 
aspectos fundamentales que deben considerarse en el proceso de asegura-
miento de la calidad de colocación del FRP, así como los criterios de acepta-
ción en cada etapa de ese proceso.

TERMOGRAFÍA COMO HERRAMIENTA DE DIAGNÓSTICO EN OBRAS CIVI-
LES Y BIENES CULTURALES.

Arq. Ivanna Todaro; Arq.Germán Alonso; Arq. Miguel Mancini 
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Termografía Aplicada a la Construcción

Texto

Las herramientas utilizadas para la evaluación del estado de los bienes 
inmuebles nos brindan información valiosa para prevenir y/o reconocer pro-
blemáticas, o bien para identificar características constructivas de los 
mismos. Consideramos que es importante alcanzar un pre-diagnóstico 
utilizando los recursos y equipamientos pertinentes a los escenarios que se 
nos presentan. La utilización de la termografía como herramienta que nos 
permite alcanzar nuestros objetivos en cuanto al estudio de estos bienes de 
una forma no invasiva. Entre las distintas aplicaciones dentro de las obras 
civiles la termografía nos puede dar la posibilidad de reconocer sistemas 
constructivos, modificaciones o adhesiones en los mismos, evaluar filtra-
ciones en instalaciones sanitarias y/o infiltraciones de agua en la envolvente 
del edificio, posibles puentes térmicos o pérdidas de calor en cerramientos, 
como también prevenir deficiencias en el sistema eléctrico. 
La posibilidad de utilizar esta técnica de estudio la posiciona como herra-
mienta valiosa en toda obra civil y especialmente en bienes con valor patri-
monial. Sabemos de la importancia y de la responsabilidad que implica 
intervenir en estos edificios históricos, por lo tanto, la metodología menos 
invasiva es fundamental para conservar la integridad y la identidad de 
nuestras huellas históricas y culturales.

DESARROLLO DE UN EQUIPO MODULAR DE BAJO COSTO PARA LA CA-
RACTERIZACIÓN DE MATERIALES Y PROCESOS UTILIZANDO LA TÉCNI-
CA INTERFEROMÉTRICA OCT (TOMOGRAFÍA DE COHERENCIA ÓPTICA) 

Tabla Pablo (1), Eneas Morel (2), Jorge Torga (3)
ptabla@frd.utn.edu.ar
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Texto

El objetivo central del trabajo es el presentar un equipo modular industrial 
de bajo costo utilizando la técnica interferometría de baja coherencia OCT 
(tomografía de coherencia óptica) para la caracterización de materiales y 
procesos. La técnica es no destructiva y sin contacto, permite determinar 
topografías y tomografías con un rango de 2 mm de espesor o profundidad 
y áreas en el orden del cm2 con una resolución espacial inferior al micrón. El 
equipo tiene un diseño modular con un enfoque en aplicaciones para con-
trol de calidad y monitoreo de procesos de producción en tiempo real e “in 
situ”. La medición se efectúa iluminando uno o varios puntos de la muestra 
y analizando las reflexiones con un código de procesamiento de señal. La 
técnica permite caracterizar procesos de cristalización, polimerización, 
secado de pinturas, lograr tomografías en muestras multicapa semitrans-
parentes y topografías en muestras opacas como metal. Se presentan 
resultados de diferentes caracterizaciones: espesores de recubrimientos 
(laca sobre tejido de fibra de carbono), rugosidad superficial (piezas metáli-
cas con diferentes mecanizados) entre las aplicaciones más destacadas.

UTILIZACIÓN DE LA EMISIÓN ACÚSTICA PARA EVALUACIÓN DEL 
DAÑOEN MATERIALES COMPUESTOS LAMINARES HÍBRIDOS

Guido Ferrari 1, Martín Gómez 1,2
guicferrari@gmail.com
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Emisión Acústica, material compuesto hibrido, ensayos no destructivos, 
flexión

Texto

La Emisión Acústica (EA) es una técnica de END ampliamente utilizada 
para el estudio de materiales compuestos dado que permite obtener infor-
mación de las fuentes que generan esta la emisión que suelen estar relacio-
nadas con defectos y fallas del material. Habitualmente se puede asociar el 
nivel de EA con la intensidad de la solicitación mecánica del material anali-
zando las cargas críticas sobre este antes de llegar a la rotura del compo-
nente y además, contando con un número suficiente de sensores, se 
pueden posicionar las fuentes que emiten dicha información ultrasónica 
para su posterior individualización y análisis. 
En el presente trabajo se ensayaron probetas de material compuesto lami-
nar híbrido (fibra de carbono – fibra de vidrio – resina polimérica) las cuales 
fueron construidas de manera tal de tener discontinuidades en el multila-
minado simulando defectos de fabricación tendientes a disminuir la resis-
tencia estructural del material. En la experimentación se estudiaron probe-
tas que fueron solicitadas mecánicamente a la flexión en ensayos de tres 
puntos. Durante los ensayos se midió la EA con 4 sensores piezoeléctricos 
para detectar y posicionar las fuentes de EA dentro del material. Adicional-
mente se digitalizó la carga de flexión de manera simultánea con la EA. Se 
estudiaron los parámetros de EA Amplitud, número de cuentas y energía 
MARSE principalmente. Se midió la velocidad de propagación de las ondas 
elásticas para el material y analizando los tiempos de vuelo hasta los 4 sen-
sores para cada evento se pudo establecer la posición de los defectos y la 
carga mecánica a la cual emiten EA. Luego de un filtrado en amplitud y del 
post procesamiento de la información a partir de las cuentas y la energía 
acumulada, los resultados permitieron asociar el nivel de carga mecánica, 
con las zonas de alta emisión y los defectos macroscópicos producidos 
durante la fabricación de las piezas.

OBSERVATORIO DE END EN ARGENTINA, UNA HERRAMIENTA PARA 
IMPULSAR EL SECTOR

Virginia Kuklis, Sabrina Accorinti, Ignacio Fraile, Pablo González Táboas, 
Juan Manuel Labanca y Jorge Schneebeli
prgonzalez@inti.gob.ar
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Texto

La disciplina de Ensayos No Destructivos en Argentina mantiene su creci-
miento a través de los años como así también su dinámica particular, que 
impacta transversalmente en varios rubros de la actividad industrial del 
país.
Hoy en día se trata de un ámbito que involucra una gran diversidad de acto-
res, tanto nacionales como internacionales que se relacionan entre sí de 
distintas maneras. Entre ellos podemos identificar, a modo de ejemplo, 
organismos de regulación, asociaciones civiles, empresas que prestan ser-
vicios, empresas que los demandan e instituciones académicas. 
En este escenario tan complejo, el desafío que se plantea es potenciar, arti-
cular y complementar las capacidades del sector de los END de manera de 
generar más fuentes de trabajo y mejorar la eficiencia de la industria nacio-
nal, y plantear su rol estratégico en aspectos de seguridad pública.
En este sentido, a partir de la vinculación estratégica entre Organismos 
públicos y privados, como ser el INTI y CEENDRA, surgió el interés en la 
creación de un Observatorio del sector de los END en Argentina, que fun-
cione de referencia para el sector. 
En este trabajo se presentará el camino recorrido por las instituciones, un 
mapa del sector de los END, los objetivos y antecedentes del Observatorio y 
sus potencialidades. Se expondrá también la experiencia de INTI-Mecánica 
en el trabajo con otros sectores industriales, su relevamiento de empresas 
de END y el trabajo que viene realizando la Cámara empresaria en este sen-
tido.

APLICACIÓN DE EXTENSOMETRÍA EN ENSAYOS DE PANDEO SOBRE 
COMPONENTES NUCLEARES

Mariano Arévalo; Alberto Martín Ghiselli;Giselle Villabrille;Gabriel
Cataldo  
marevalo@cnea.gov.ar
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Texto

Se presentan los resultados de una serie de ensayos de pandeo realizados 
sobre uno de los componentes internos de un reactor PHWR. Los mismos 
se llevaron a cabo para caracterizar una condición del sistema en la cual se 
producen dilataciones diferenciales de la vasija del reactor. Esta carga 
térmica, en conjunto con una condición de vínculo especial, provoca una 
solicitación mecánica del componente durante la parada del reactor no 
prevista en el diseño. Por lo tanto, a fin de determinar el estado de tensio-
nes en esta situación, se construyó un dispositivo (mock-up) que permita 
reproducir las condiciones de pandeo sobre el componente de manera de 
relevar las fuerzas y el desplazamiento resultante. Adicionalmente a las me-
diciones de cargas y flechas de pandeo, se colocaron un conjunto de exten-
sómetros en las zonas más comprometidas a fin de obtener el estado de 
deformaciones y tensiones resultante. Con los datos provenientes de los 
ensayos realizados se confeccionó un modelo de elementos finitos no lineal 
del sistema y se validaron los resultados del mismo. Esto permitió hallar el 
estado de concentración de tensiones en otras zonas del conjunto a fin de 
obtener el margen de seguridad del componente ensayado y verificar que 
no se supera el límite elástico del material del mismo.
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ENSAYOS DE CALIFICACIÓN SÍSMICA PARA EQUIPOS Y COMPONENTES 
DE CENTRALES NUCLEARES

Sergio D. Lingeri, Martín Ghiselli Alberto - Mariano Arévalo - 
Itai Rozenbaum
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Palabras clave

Frecuencias naturales; Central Nuclear, calificación de componentes, 
ensayos sísmicos, vibraciones.

Texto

El empleo de equipos y componentes en centrales nucleares de genera-
ción eléctrica requiere de un previo programa de calificación de esos equi-
pos y componentes a fin de asegurar que los mismos prestarán el servicio 
adecuado en las distintas condiciones ambientales a las que podrán verse 
sometidos. Una parte de ese programa de calificación está orientada a ase-
gurar la correcta operación de los componentes durante y después de 
haber soportado los efectos de un sismo.
Estos programas de calificación de componentes se aplican tanto a los 
correspondientes para nuevas centrales nucleares como a los destinados a 
los programas de mantenimiento o extensión de vida de las centrales 
nucleares existentes. 
Se presenta el marco regulatorio internacional vigente para estos ensayos 
de calificación sísmica, los distintos métodos de calificación que pueden 
emplearse y la experiencia obtenida en CNEA en la calificación sísmica por 
ensayo, de equipos y componentes para las plantas nucleares de genera-
ción eléctrica ubicadas en la República Argentina.

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.
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STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

ANÁLISIS DE MEDICIONES DE RESISTIVIDAD EN HORMIGONES REFOR-
ZADOS CON FIBRAS

E. D Gomez (1,2); R. Zerbino (3,4,5) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de rmaduras - Resistividad del hormigón - Hormigones reforza-
dos con fibras

Texto

La resistividad del hormigón es un parámetro que indica variaciones en el 
contenido de humedad de un material cementiceo. En términos de corro-
sión de armaduras su registro puede utilizarse como un indicador de sus-
ceptibilidad de deterioro. Diferentes dispositivos y equipos comerciales 
utilizan técnicas de corriente alterna para establecer la resistividad del hor-
migón. En elementos estructurales dañados por corrosión, que presentan 
vulnerabilidad en el diseño de su sección, se pueden realizar refuerzos o 
remplazos de recubrimientos utilizando HRF como estrategia de reparacio-
nes o extensiones de vida. En presencia de fibras metálicas, el registro de la 
resistividad del hormigón con técnicas de corriente alterna es subvalorado, 
por la conductividad de las fibras, siendo necesario establecer factores de 
corrección para valores obtenidos con equipos comerciales diseñados para 
ser utilizados en hormigones convencionales. Con el fin de establecer crite-
rios de medición precisos, se planteó un programa experimental con ele-
mentos de HRF y se realizaron mediciones utilizando un equipo comercial 
y sensores desarrollados para monitorear la corrosión.  Los resultados mos-
traron que las mediciones realizadas con el equipo comercial requieren un 
factor de corrección. A su vez, se realizaron barridos de frecuencias utilizan-
do el sensor y se estableció que utilizando frecuencias de 1Hz se obtienen 
registros más precisos de resistividad en hormigones reforzados con fibras 
metálicas. No se observó influencia significativa del contenido de fibras en 
los resultados.

ESTRUCTURAS DE HORMIGÓN ARMADO DAÑADAS DEBIDO A CORRO-
SIÓN POR CARBONATACIÓN. ESTRATEGIAS PARA LA EVALUACIÓN Y EL 
MONITOREO DE LAS REPARACIONES MEDIANTE LA UTILIZACIÓN DE 
SENSORES.

E. D. Gomez (1,2), J. I. Carricondo (1,2), S. B. Farina (1,3) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com
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Corrosión de armaduras - Modelos de vida - Sensores de corrosión

Texto

Cuando el hormigón que protege a las armaduras de elementos estructu-
rales se carbonata se inicia un proceso de corrosión generalizada que tiene 
como consecuencia la reducción de la sección y la acumulación de produc-
tos de corrosión. Sin embargo, en ambientes poco húmedos el proceso de 
deterioro se desarrolla lentamente, pudiendo pasar décadas antes de pro-
ducirse perdidas de sección significativas o evidenciar algún daño en el 
recubrimiento por la acumulación de productos de corrosión. En general, 
en elementos estructurales donde la corrosión por carbonatación se desa-
rrolla, el fin de la vida útil está asociado a la aparición de fisuras o desprendi-
mientos en el recubrimiento. La vulnerabilidad de un elemento a manifes-
tar patologías está asociada a aspectos de diseño y constructivos como la 
relación “diámetro de armadura - espesor de recubrimiento” y la calidad del 
material cementiceo. Además de significar un deterioro estético, la apari-
ción de patologías, como fisuras y desprendimientos, favorece el desarrollo 
acelerado del deterioro por corrosión, siendo necesario realizar intervencio-
nes para garantizar la seguridad durante la vida de servicio remanente. En 
este trabajo se proponen estrategias para evaluar reparaciones en estructu-
ras dañadas por corrosión inducida por carbonatación y monitorear la vida 
residual de elementos estructurales mediante el uso de sensores adapta-
dos. Se presentan resultados de trabajos experimentales realizados para la 
adaptación de sensores para su utilización en elementos con geometría 
plana y en reparaciones hechas con materiales cementiceos especiales.

DESARROLLO DE UN MEDIDOR DE ESPESORES DE RECUBRIMIENTOS

Marcelo Gutiérrez, Javier Fava, Rodrigo Romero, Juan Vorobioff y Fede-
rico Checozzi
javier.fava@hotmail.com
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Recubrimientos, lift-off, Corrientes-inducidas

Texto

Es conocida la amplia utilización de medidores de recubrimientos, tanto en 
diferentes industrias como en laboratorios de investigación y desarrollo. 
Generalmente, estos equipos se fabrican para realizar mediciones sobre un 
número limitado de pares substrato-recubrimiento, reduciendo el rango de 
aplicaciones. Disponer de un equipo de desarrollo propio, ampliará los atri-
butos no contemplados en los equipos comerciales.
Se desarrolló un medidor de espesores que aplica el método de corrientes 
inducidas. En la etapa actual del desarrollo se midieron espesores de recu-
brimientos no conductores sobre sustratos no ferromagnéticos. Parte del 
circuito del medidor está compuesto de un oscilador Colpittts. La impedan-
cia del conjunto se modifica según el lift-off, y esto genera cambios en la 
frecuencia de resonancia. La curva de calibración del sistema se determina 
a través de la variación de la frecuencia de resonancia en función del lift-off. 
El sistema se probó con espesores entre 25 y 905 micrones sobre aluminio 
6061 y sobre Zry-4; obteniéndose resultados muy satisfactorios. 
Se presentarán los desarrollos logrados y los resultados obtenidos. También 
se discutirá la posible aplicación sobre materiales ferromagnéticos y en 
situaciones donde se tenga que extender la longitud de los cables.

ESTUDIO MAGNÉTICO DE LA TRANSFORMACIÓN INDUCIDA POR DE-
FORMACIÓN EN FRÍO EN ACEROS INOXIDABLES AUSTENÍTICOS

Miriam Rocío Neyra Astudillo (1), Cristina Spinosa (3),  Mónica Landau (3),  
Guido Ferrari (2), Martin Gómez (1) 
mneyrast@gmail.com
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Ruido Magnético Barkhausen, Emisión Magneto Acústica, austenita, mar-
tensita

Texto

La fase austenita-γ en los aceros inoxidables austeníticos es metaestable. 
Cuando es deformada en frío puede transformarse parcialmente a marten-
sita- �´ ferromagnética. la cantidad de α’ formada depende de la composi-
ción química del acero, de la temperatura del proceso y de la deformación 
aplicada. A partir de tratamientos térmicos por encima de la temperatura 
de inicio de la Austenita AS, la estructura austenítica puede ser recuperada. 
El Ruido Magnético Barkhausen (RMB) y la Emisión Magneto Acústica 
(EMA), son técnicas magnéticas muy sensibles a la microestructura, a las 
tensiones residuales y a la deformación de los materiales ferromagnéticos. 
Cuando se somete un material ferromagnético a un campo magnético 
oscilante producido por una corriente eléctrica cuya amplitud varía lenta-
mente de manera cíclica, se produce en el material excitado el movimiento 
de las Paredes de los Dominios Magnéticos que origina el RMB.  Se originan 
principalmente dos respuestas tipo ruido que se propagan de manera 
ondulatoria, una magnética (RMB) detectable con una bobina colectora 
sobre la superficie del material y otra elástica que puede detectarse colo-
cando un sensor de emisión acústica (EMA). En este trabajo se evalúa me-
diante RMB y EMA para evaluar el contenido de martensita �’ en diferentes 
muestras de aceros inoxidables austeníticos deformadas por laminación en 
frío y tratadas térmicamente para revertir a austenita. En las mismas no se 
ha completado la austenización y por ello presentan ambas fases y un com-
portamiento magnético, el cual decrece a medida que la fracción de la fase 
� aumenta para los Tratamientos Térmicos (TT) de mayor temperatura. Se 
hizo un análisis temporal y frecuencial de las señales y se calculó su valor 
RMS. Se observó que el RMB y EMA disminuyen con el menor contenido de 
martensita �’ para materiales sometidos a TT de mayor temperatura. La 
cantidad de martensita también se midió con un ferrideltímetro comercial 
que reveló una concordancia con los resultados obtenidos con los métodos 
magnéticos. El RMB y la EMA mostraron ser técnicas eficaces en la detec-
ción de la presencia de martensita.

EMISIÓN ACÚSTICA Y EVOLUCIÓN DE DAÑO EN VIGAS DE HORMIGÓN 
ARMADO SOMETIDAS A CARGA CÍCLICA

Hernán Xargay (1,2) Marianela Ripani (2,3)
hernanxargay@gmail.com
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Texto

En este trabajo se presentan los resultados de ensayos a rotura de vigas de 
hormigón armado, monitoreadas continuamente con el método de Emi-
sión Acústica (EA). Se diseñaron dos disposiciones diferentes de armaduras 
de refuerzo, con o sin estribos, para obtener modos de falla por flexión o 
corte, respectivamente. Además, algunas de las vigas fueron reforzadas adi-
cionalmente con fibras de acero en la mezcla de hormigón. Se aplicó un 
procedimiento de carga caracterizado por varios ciclos de amplitud cre-
ciente hasta alcanzar la capacidad máxima de las vigas. Se presentan y 
comparan los comportamientos de falla de las vigas y la aptitud de cuatro 
índices basados en EA para evaluar su nivel de daño. La incorporación de 
fibras de acero mejoró la resistencia al corte al restringir el desarrollo de 
fisuras inclinadas en la viga sin estribos. Finalmente, se puede concluir que 
los índices EA mostraron en todos los casos una buena correlación con el 
inicio y el progreso de la fisuración.

INSPECCIÓN DE ÁLABES DE TURBINA IN-SITU

Jose Brizuela(1); Joaquín Fernández Bugna(2); Javier Podetti(3); Claudio 
Ziobrowski(4); Carlos Desimone(5)
josebrizuela@conicet.gov.ar
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Turbinas de vapor, END en mantenimiento, Elementos Finitos, Phased 
Array

Texto

Las centrales eléctricas utilizan turbinas de vapor para extraer el máximo 
potencial al calor del vapor producido en un reactor nuclear, caldera de 
carbón o calderas de recuperación de calor de turbina de gas, etc. En gene-
ral, las turbinas de vapor están construidas con filas de álabes aerodinámi-
cos (etapas) montados radialmente que van presentando gradualmente 
mayor longitud radial desde la primera fila (a la entrada del vapor) hasta la 
última fila de la salida, correspondiente a la etapa de baja presión (LSB). Las 
condiciones de operación de las turbinas siempre son complejas y varia-
bles, por lo tanto, los álabes del rotor LSB requieren de un exhaustivo con-
trol de su integridad para garantizar la seguridad operacional del sistema. 
Este trabajo presenta brevemente una serie de estudios elaborados para 
lograr una estrategia eficiente de inspección a manera de poder evaluar los 
álabes de la última etapa de baja presión (L0) durante las paradas de man-
tenimiento programado. Con este objetivo se realizaron cálculos mediante 
el método de elementos finitos (FEM) sobre las zonas críticas de los alabes 
L0, a fin de determinar los sitios de iniciación de fisuras, como así también, 
el tamaño de fisura crítica. Luego, en función del crecimiento de ésta, se 
estableció el intervalo de inspección, en condiciones estables de operación. 
A partir de estos resultados se determinaron los métodos de Ensayos No 
Destructivos (END) más eficientes para ser aplicados in-situ. En particular, 
se describe el proceso de inspección diseñado para evaluar la integridad de 
las raíces de los álabes, que se realizó mediante la tecnología de phased 
array (PAUT) y partículas magnetizables (PM).

REPARACIÓN DE UNA COLUMNA DE PRESIÓN ANTE LA EJECUCIÓN DE 
UNA ABERTURA EN EL CUERPO CILÍNDRICO, DEBIDO AL RECAMBIO DE 
INTERNOS

Héctor Sanzi
tecsaing@tecsaing.com.ar
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REPARACIÓN RECIPIENTE, SIMULACION COMPUTACIONAL, END

Texto

Ante el recambio de internos de gran tamaño en una columna de proceso 
instalada en una planta industrial, es de práctica habitual la ejecución de 
una abertura sobre el cuerpo de presión, con el objeto de realizar los traba-
jos necesarios para llevar a cabo los cortes y posterior reparación.
Es importante bajo esta situación, además de analizar el procedimiento de 
corte y reparación y contar con la logística necesaria, llevar a cabo un minu-
cioso estudio de integridad para asegurar y evitar posibles deformaciones 
durante dicho procedimiento o posteriores, una vez que el componente ya 
se encuentra en operación.
Si bien durante el trabajo de corte, el recipiente se encuentra sin presión 
interior, los estados de carga de peso propio, viento y/o sismo, como así 
también el aporte de calor consecuencia del procedimiento de soldadura 
seleccionado, pueden afectar la integridad estructural del mismo, alcan-
zando deformaciones inadmisibles que imposibiliten su reparación poste-
rior, involucrando un costo adicional, al menos, no contemplado en la etapa 
inicial. Ante esta situación, es importante analizar a través de un estudio de 
integridad estructural, la necesidad de colocar rigidizadores adicionales 
para evitar deformaciones durante el proceso de corte.
Este tipo de requerimiento se realiza cuando el componente ya cuenta con 
una cierta cantidad de años en servicio, en donde la degradación por corro-
sión u otros mecanismos de falla y el estado general del material, particular-
mente si opera a baja o alta temperatura, entre otros, pueden afectar o limi-
tar dicho estudio de integridad.
Para llevar a cabo un estudio completo de integridad, es fundamental 
contar con toda la documentación técnica que asegurar un resultado satis-
factorio. Así las Prácticas Recomendadas API 579 presentan, en función de 
la documentación existente, una clasificación en cuanto al tipo de análisis a 
utilizar, identificando diferentes Niveles de Evaluación para encarar el estu-
dio de integridad.  En este trabajo, a partir de un modelo de elementos fini-
tos tridimensional, se presenta un procedimiento de reparación y evalua-
ción de una columna de presión que se encuentra en servicio y donde se 
debe realizar un recambio de internos, haciendo necesario la ejecución de 
una abertura de 2 mts x 3 mts, sobre el cuerpo cilíndrico. Se mencionan las 
tareas adicionales necesarias de END que deberán ser realizadas para ase
gurar un trabajo seguro y que complementan al estudio de integridad.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.

CONTROL DE CALIDAD MEDIANTE END DE LA COLOCACIÓN DE FRP 
EN ESTRUCTURAS DE HORMIGÓN ARMADo

Marcelo Guzmán- Gustavo Palazzo - Victor Roldan 
mguzman@solidus-ing.com

Palabras clave

Refuerzo-Rehabilitación, FRP, Colocación, Control de calidad, END

Texto

Las estructuras existentes pueden requerir una rehabilitación o refuerzo 
estructural debido a un cambio de destino o adecuación a un nuevo regla-
mento, o también cuando se encuentran en ellas deficiencias o patologías. 
Entre las diversas estrategias de refuerzo y rehabilitación se tiene los polí-
meros reforzados con fibra (FRP por su denominación en inglés). En gene-
ral, el FRP se presenta en forma de pletinas o tejidos que se adhieren a 
estructuras de acero, madera u hormigón armado (H°A°), a efectos de 
aumentar la resistencia de diseño de elementos estructurales, o para lograr 
un aumento en el confinamiento y la ductilidad en sectores de estructuras 
de H°A°. Se observa entonces que la adherencia entre el FRP y la superficie 
donde se coloca es de fundamental importancia. Para asegurar esa adhe-
rencia los reglamentos establecen procedimientos antes, durante y con 
posterioridad a la colocación de este refuerzo. Estos procedimientos tienen 
que ver con técnicas de ensayos no destructivas (END), así como también, 
con otras técnicas mínimamente invasivas a las que también se las podría 
considerar como END. Este trabajo tiene por objeto analizar esos requeri-
mientos para estructuras de H°A°, y mostrar la implementación de las técni-
cas antes comentadas que se han llevado a cabo en obras de Argentina. En 
la primera parte del trabajo se establecen los requerimientos que normas 
americanas y europeas establecen para la aplicación de FRP. Luego se des-
criben las características de obras en Argentina donde se ha implementado 
esta estrategia de refuerzo/rehabilitación. En la tercera parte se detalla el 
proceso de evaluación de adherencia implementado en ellas, así como el 
estudio de los resultados obtenidos. En las conclusiones se resaltan los 
aspectos fundamentales que deben considerarse en el proceso de asegura-
miento de la calidad de colocación del FRP, así como los criterios de acepta-
ción en cada etapa de ese proceso.

TERMOGRAFÍA COMO HERRAMIENTA DE DIAGNÓSTICO EN OBRAS CIVI-
LES Y BIENES CULTURALES.

Arq. Ivanna Todaro; Arq.Germán Alonso; Arq. Miguel Mancini 
itodaro@inti.gob.ar

Palabras clave

Termografía Aplicada a la Construcción

Texto

Las herramientas utilizadas para la evaluación del estado de los bienes 
inmuebles nos brindan información valiosa para prevenir y/o reconocer pro-
blemáticas, o bien para identificar características constructivas de los 
mismos. Consideramos que es importante alcanzar un pre-diagnóstico 
utilizando los recursos y equipamientos pertinentes a los escenarios que se 
nos presentan. La utilización de la termografía como herramienta que nos 
permite alcanzar nuestros objetivos en cuanto al estudio de estos bienes de 
una forma no invasiva. Entre las distintas aplicaciones dentro de las obras 
civiles la termografía nos puede dar la posibilidad de reconocer sistemas 
constructivos, modificaciones o adhesiones en los mismos, evaluar filtra-
ciones en instalaciones sanitarias y/o infiltraciones de agua en la envolvente 
del edificio, posibles puentes térmicos o pérdidas de calor en cerramientos, 
como también prevenir deficiencias en el sistema eléctrico. 
La posibilidad de utilizar esta técnica de estudio la posiciona como herra-
mienta valiosa en toda obra civil y especialmente en bienes con valor patri-
monial. Sabemos de la importancia y de la responsabilidad que implica 
intervenir en estos edificios históricos, por lo tanto, la metodología menos 
invasiva es fundamental para conservar la integridad y la identidad de 
nuestras huellas históricas y culturales.

DESARROLLO DE UN EQUIPO MODULAR DE BAJO COSTO PARA LA CA-
RACTERIZACIÓN DE MATERIALES Y PROCESOS UTILIZANDO LA TÉCNI-
CA INTERFEROMÉTRICA OCT (TOMOGRAFÍA DE COHERENCIA ÓPTICA) 

Tabla Pablo (1), Eneas Morel (2), Jorge Torga (3)
ptabla@frd.utn.edu.ar

Palabras clave

Óptica, OCT, tomografía, topografía, perfilometría

Texto

El objetivo central del trabajo es el presentar un equipo modular industrial 
de bajo costo utilizando la técnica interferometría de baja coherencia OCT 
(tomografía de coherencia óptica) para la caracterización de materiales y 
procesos. La técnica es no destructiva y sin contacto, permite determinar 
topografías y tomografías con un rango de 2 mm de espesor o profundidad 
y áreas en el orden del cm2 con una resolución espacial inferior al micrón. El 
equipo tiene un diseño modular con un enfoque en aplicaciones para con-
trol de calidad y monitoreo de procesos de producción en tiempo real e “in 
situ”. La medición se efectúa iluminando uno o varios puntos de la muestra 
y analizando las reflexiones con un código de procesamiento de señal. La 
técnica permite caracterizar procesos de cristalización, polimerización, 
secado de pinturas, lograr tomografías en muestras multicapa semitrans-
parentes y topografías en muestras opacas como metal. Se presentan 
resultados de diferentes caracterizaciones: espesores de recubrimientos 
(laca sobre tejido de fibra de carbono), rugosidad superficial (piezas metáli-
cas con diferentes mecanizados) entre las aplicaciones más destacadas.

UTILIZACIÓN DE LA EMISIÓN ACÚSTICA PARA EVALUACIÓN DEL 
DAÑOEN MATERIALES COMPUESTOS LAMINARES HÍBRIDOS

Guido Ferrari 1, Martín Gómez 1,2
guicferrari@gmail.com

Palabras clave

Emisión Acústica, material compuesto hibrido, ensayos no destructivos, 
flexión

Texto

La Emisión Acústica (EA) es una técnica de END ampliamente utilizada 
para el estudio de materiales compuestos dado que permite obtener infor-
mación de las fuentes que generan esta la emisión que suelen estar relacio-
nadas con defectos y fallas del material. Habitualmente se puede asociar el 
nivel de EA con la intensidad de la solicitación mecánica del material anali-
zando las cargas críticas sobre este antes de llegar a la rotura del compo-
nente y además, contando con un número suficiente de sensores, se 
pueden posicionar las fuentes que emiten dicha información ultrasónica 
para su posterior individualización y análisis. 
En el presente trabajo se ensayaron probetas de material compuesto lami-
nar híbrido (fibra de carbono – fibra de vidrio – resina polimérica) las cuales 
fueron construidas de manera tal de tener discontinuidades en el multila-
minado simulando defectos de fabricación tendientes a disminuir la resis-
tencia estructural del material. En la experimentación se estudiaron probe-
tas que fueron solicitadas mecánicamente a la flexión en ensayos de tres 
puntos. Durante los ensayos se midió la EA con 4 sensores piezoeléctricos 
para detectar y posicionar las fuentes de EA dentro del material. Adicional-
mente se digitalizó la carga de flexión de manera simultánea con la EA. Se 
estudiaron los parámetros de EA Amplitud, número de cuentas y energía 
MARSE principalmente. Se midió la velocidad de propagación de las ondas 
elásticas para el material y analizando los tiempos de vuelo hasta los 4 sen-
sores para cada evento se pudo establecer la posición de los defectos y la 
carga mecánica a la cual emiten EA. Luego de un filtrado en amplitud y del 
post procesamiento de la información a partir de las cuentas y la energía 
acumulada, los resultados permitieron asociar el nivel de carga mecánica, 
con las zonas de alta emisión y los defectos macroscópicos producidos 
durante la fabricación de las piezas.

OBSERVATORIO DE END EN ARGENTINA, UNA HERRAMIENTA PARA 
IMPULSAR EL SECTOR

Virginia Kuklis, Sabrina Accorinti, Ignacio Fraile, Pablo González Táboas, 
Juan Manuel Labanca y Jorge Schneebeli
prgonzalez@inti.gob.ar

Palabras clave

Extensometría; Central Nuclear, Elementos Finitos, Ensayos de Componen-
te Nucleares, Tensiones, Deformaciones

Texto

La disciplina de Ensayos No Destructivos en Argentina mantiene su creci-
miento a través de los años como así también su dinámica particular, que 
impacta transversalmente en varios rubros de la actividad industrial del 
país.
Hoy en día se trata de un ámbito que involucra una gran diversidad de acto-
res, tanto nacionales como internacionales que se relacionan entre sí de 
distintas maneras. Entre ellos podemos identificar, a modo de ejemplo, 
organismos de regulación, asociaciones civiles, empresas que prestan ser-
vicios, empresas que los demandan e instituciones académicas. 
En este escenario tan complejo, el desafío que se plantea es potenciar, arti-
cular y complementar las capacidades del sector de los END de manera de 
generar más fuentes de trabajo y mejorar la eficiencia de la industria nacio-
nal, y plantear su rol estratégico en aspectos de seguridad pública.
En este sentido, a partir de la vinculación estratégica entre Organismos 
públicos y privados, como ser el INTI y CEENDRA, surgió el interés en la 
creación de un Observatorio del sector de los END en Argentina, que fun-
cione de referencia para el sector. 
En este trabajo se presentará el camino recorrido por las instituciones, un 
mapa del sector de los END, los objetivos y antecedentes del Observatorio y 
sus potencialidades. Se expondrá también la experiencia de INTI-Mecánica 
en el trabajo con otros sectores industriales, su relevamiento de empresas 
de END y el trabajo que viene realizando la Cámara empresaria en este sen-
tido.

APLICACIÓN DE EXTENSOMETRÍA EN ENSAYOS DE PANDEO SOBRE 
COMPONENTES NUCLEARES

Mariano Arévalo; Alberto Martín Ghiselli;Giselle Villabrille;Gabriel
Cataldo  
marevalo@cnea.gov.ar

Palabras clave

Extensometría; Central Nuclear, Elementos Finitos, Ensayos de Componen-
te Nucleares, Tensiones, Deformaciones

Texto

Se presentan los resultados de una serie de ensayos de pandeo realizados 
sobre uno de los componentes internos de un reactor PHWR. Los mismos 
se llevaron a cabo para caracterizar una condición del sistema en la cual se 
producen dilataciones diferenciales de la vasija del reactor. Esta carga 
térmica, en conjunto con una condición de vínculo especial, provoca una 
solicitación mecánica del componente durante la parada del reactor no 
prevista en el diseño. Por lo tanto, a fin de determinar el estado de tensio-
nes en esta situación, se construyó un dispositivo (mock-up) que permita 
reproducir las condiciones de pandeo sobre el componente de manera de 
relevar las fuerzas y el desplazamiento resultante. Adicionalmente a las me-
diciones de cargas y flechas de pandeo, se colocaron un conjunto de exten-
sómetros en las zonas más comprometidas a fin de obtener el estado de 
deformaciones y tensiones resultante. Con los datos provenientes de los 
ensayos realizados se confeccionó un modelo de elementos finitos no lineal 
del sistema y se validaron los resultados del mismo. Esto permitió hallar el 
estado de concentración de tensiones en otras zonas del conjunto a fin de 
obtener el margen de seguridad del componente ensayado y verificar que 
no se supera el límite elástico del material del mismo.

28.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ENSAYOS DE CALIFICACIÓN SÍSMICA PARA EQUIPOS Y COMPONENTES 
DE CENTRALES NUCLEARES

Sergio D. Lingeri, Martín Ghiselli Alberto - Mariano Arévalo - 
Itai Rozenbaum
lingeri@cnea.gov.ar

Palabras clave

Frecuencias naturales; Central Nuclear, calificación de componentes, 
ensayos sísmicos, vibraciones.

Texto

El empleo de equipos y componentes en centrales nucleares de genera-
ción eléctrica requiere de un previo programa de calificación de esos equi-
pos y componentes a fin de asegurar que los mismos prestarán el servicio 
adecuado en las distintas condiciones ambientales a las que podrán verse 
sometidos. Una parte de ese programa de calificación está orientada a ase-
gurar la correcta operación de los componentes durante y después de 
haber soportado los efectos de un sismo.
Estos programas de calificación de componentes se aplican tanto a los 
correspondientes para nuevas centrales nucleares como a los destinados a 
los programas de mantenimiento o extensión de vida de las centrales 
nucleares existentes. 
Se presenta el marco regulatorio internacional vigente para estos ensayos 
de calificación sísmica, los distintos métodos de calificación que pueden 
emplearse y la experiencia obtenida en CNEA en la calificación sísmica por 
ensayo, de equipos y componentes para las plantas nucleares de genera-
ción eléctrica ubicadas en la República Argentina.

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

ANÁLISIS DE MEDICIONES DE RESISTIVIDAD EN HORMIGONES REFOR-
ZADOS CON FIBRAS

E. D Gomez (1,2); R. Zerbino (3,4,5) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de rmaduras - Resistividad del hormigón - Hormigones reforza-
dos con fibras

Texto

La resistividad del hormigón es un parámetro que indica variaciones en el 
contenido de humedad de un material cementiceo. En términos de corro-
sión de armaduras su registro puede utilizarse como un indicador de sus-
ceptibilidad de deterioro. Diferentes dispositivos y equipos comerciales 
utilizan técnicas de corriente alterna para establecer la resistividad del hor-
migón. En elementos estructurales dañados por corrosión, que presentan 
vulnerabilidad en el diseño de su sección, se pueden realizar refuerzos o 
remplazos de recubrimientos utilizando HRF como estrategia de reparacio-
nes o extensiones de vida. En presencia de fibras metálicas, el registro de la 
resistividad del hormigón con técnicas de corriente alterna es subvalorado, 
por la conductividad de las fibras, siendo necesario establecer factores de 
corrección para valores obtenidos con equipos comerciales diseñados para 
ser utilizados en hormigones convencionales. Con el fin de establecer crite-
rios de medición precisos, se planteó un programa experimental con ele-
mentos de HRF y se realizaron mediciones utilizando un equipo comercial 
y sensores desarrollados para monitorear la corrosión.  Los resultados mos-
traron que las mediciones realizadas con el equipo comercial requieren un 
factor de corrección. A su vez, se realizaron barridos de frecuencias utilizan-
do el sensor y se estableció que utilizando frecuencias de 1Hz se obtienen 
registros más precisos de resistividad en hormigones reforzados con fibras 
metálicas. No se observó influencia significativa del contenido de fibras en 
los resultados.

ESTRUCTURAS DE HORMIGÓN ARMADO DAÑADAS DEBIDO A CORRO-
SIÓN POR CARBONATACIÓN. ESTRATEGIAS PARA LA EVALUACIÓN Y EL 
MONITOREO DE LAS REPARACIONES MEDIANTE LA UTILIZACIÓN DE 
SENSORES.

E. D. Gomez (1,2), J. I. Carricondo (1,2), S. B. Farina (1,3) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com
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Corrosión de armaduras - Modelos de vida - Sensores de corrosión

Texto

Cuando el hormigón que protege a las armaduras de elementos estructu-
rales se carbonata se inicia un proceso de corrosión generalizada que tiene 
como consecuencia la reducción de la sección y la acumulación de produc-
tos de corrosión. Sin embargo, en ambientes poco húmedos el proceso de 
deterioro se desarrolla lentamente, pudiendo pasar décadas antes de pro-
ducirse perdidas de sección significativas o evidenciar algún daño en el 
recubrimiento por la acumulación de productos de corrosión. En general, 
en elementos estructurales donde la corrosión por carbonatación se desa-
rrolla, el fin de la vida útil está asociado a la aparición de fisuras o desprendi-
mientos en el recubrimiento. La vulnerabilidad de un elemento a manifes-
tar patologías está asociada a aspectos de diseño y constructivos como la 
relación “diámetro de armadura - espesor de recubrimiento” y la calidad del 
material cementiceo. Además de significar un deterioro estético, la apari-
ción de patologías, como fisuras y desprendimientos, favorece el desarrollo 
acelerado del deterioro por corrosión, siendo necesario realizar intervencio-
nes para garantizar la seguridad durante la vida de servicio remanente. En 
este trabajo se proponen estrategias para evaluar reparaciones en estructu-
ras dañadas por corrosión inducida por carbonatación y monitorear la vida 
residual de elementos estructurales mediante el uso de sensores adapta-
dos. Se presentan resultados de trabajos experimentales realizados para la 
adaptación de sensores para su utilización en elementos con geometría 
plana y en reparaciones hechas con materiales cementiceos especiales.

DESARROLLO DE UN MEDIDOR DE ESPESORES DE RECUBRIMIENTOS

Marcelo Gutiérrez, Javier Fava, Rodrigo Romero, Juan Vorobioff y Fede-
rico Checozzi
javier.fava@hotmail.com
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Recubrimientos, lift-off, Corrientes-inducidas

Texto

Es conocida la amplia utilización de medidores de recubrimientos, tanto en 
diferentes industrias como en laboratorios de investigación y desarrollo. 
Generalmente, estos equipos se fabrican para realizar mediciones sobre un 
número limitado de pares substrato-recubrimiento, reduciendo el rango de 
aplicaciones. Disponer de un equipo de desarrollo propio, ampliará los atri-
butos no contemplados en los equipos comerciales.
Se desarrolló un medidor de espesores que aplica el método de corrientes 
inducidas. En la etapa actual del desarrollo se midieron espesores de recu-
brimientos no conductores sobre sustratos no ferromagnéticos. Parte del 
circuito del medidor está compuesto de un oscilador Colpittts. La impedan-
cia del conjunto se modifica según el lift-off, y esto genera cambios en la 
frecuencia de resonancia. La curva de calibración del sistema se determina 
a través de la variación de la frecuencia de resonancia en función del lift-off. 
El sistema se probó con espesores entre 25 y 905 micrones sobre aluminio 
6061 y sobre Zry-4; obteniéndose resultados muy satisfactorios. 
Se presentarán los desarrollos logrados y los resultados obtenidos. También 
se discutirá la posible aplicación sobre materiales ferromagnéticos y en 
situaciones donde se tenga que extender la longitud de los cables.

ESTUDIO MAGNÉTICO DE LA TRANSFORMACIÓN INDUCIDA POR DE-
FORMACIÓN EN FRÍO EN ACEROS INOXIDABLES AUSTENÍTICOS

Miriam Rocío Neyra Astudillo (1), Cristina Spinosa (3),  Mónica Landau (3),  
Guido Ferrari (2), Martin Gómez (1) 
mneyrast@gmail.com
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Ruido Magnético Barkhausen, Emisión Magneto Acústica, austenita, mar-
tensita

Texto

La fase austenita-γ en los aceros inoxidables austeníticos es metaestable. 
Cuando es deformada en frío puede transformarse parcialmente a marten-
sita- �´ ferromagnética. la cantidad de α’ formada depende de la composi-
ción química del acero, de la temperatura del proceso y de la deformación 
aplicada. A partir de tratamientos térmicos por encima de la temperatura 
de inicio de la Austenita AS, la estructura austenítica puede ser recuperada. 
El Ruido Magnético Barkhausen (RMB) y la Emisión Magneto Acústica 
(EMA), son técnicas magnéticas muy sensibles a la microestructura, a las 
tensiones residuales y a la deformación de los materiales ferromagnéticos. 
Cuando se somete un material ferromagnético a un campo magnético 
oscilante producido por una corriente eléctrica cuya amplitud varía lenta-
mente de manera cíclica, se produce en el material excitado el movimiento 
de las Paredes de los Dominios Magnéticos que origina el RMB.  Se originan 
principalmente dos respuestas tipo ruido que se propagan de manera 
ondulatoria, una magnética (RMB) detectable con una bobina colectora 
sobre la superficie del material y otra elástica que puede detectarse colo-
cando un sensor de emisión acústica (EMA). En este trabajo se evalúa me-
diante RMB y EMA para evaluar el contenido de martensita �’ en diferentes 
muestras de aceros inoxidables austeníticos deformadas por laminación en 
frío y tratadas térmicamente para revertir a austenita. En las mismas no se 
ha completado la austenización y por ello presentan ambas fases y un com-
portamiento magnético, el cual decrece a medida que la fracción de la fase 
� aumenta para los Tratamientos Térmicos (TT) de mayor temperatura. Se 
hizo un análisis temporal y frecuencial de las señales y se calculó su valor 
RMS. Se observó que el RMB y EMA disminuyen con el menor contenido de 
martensita �’ para materiales sometidos a TT de mayor temperatura. La 
cantidad de martensita también se midió con un ferrideltímetro comercial 
que reveló una concordancia con los resultados obtenidos con los métodos 
magnéticos. El RMB y la EMA mostraron ser técnicas eficaces en la detec-
ción de la presencia de martensita.

EMISIÓN ACÚSTICA Y EVOLUCIÓN DE DAÑO EN VIGAS DE HORMIGÓN 
ARMADO SOMETIDAS A CARGA CÍCLICA

Hernán Xargay (1,2) Marianela Ripani (2,3)
hernanxargay@gmail.com
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Emisión Acústica, Hormigón Armado, Ensayo de carga, Daño

Texto

En este trabajo se presentan los resultados de ensayos a rotura de vigas de 
hormigón armado, monitoreadas continuamente con el método de Emi-
sión Acústica (EA). Se diseñaron dos disposiciones diferentes de armaduras 
de refuerzo, con o sin estribos, para obtener modos de falla por flexión o 
corte, respectivamente. Además, algunas de las vigas fueron reforzadas adi-
cionalmente con fibras de acero en la mezcla de hormigón. Se aplicó un 
procedimiento de carga caracterizado por varios ciclos de amplitud cre-
ciente hasta alcanzar la capacidad máxima de las vigas. Se presentan y 
comparan los comportamientos de falla de las vigas y la aptitud de cuatro 
índices basados en EA para evaluar su nivel de daño. La incorporación de 
fibras de acero mejoró la resistencia al corte al restringir el desarrollo de 
fisuras inclinadas en la viga sin estribos. Finalmente, se puede concluir que 
los índices EA mostraron en todos los casos una buena correlación con el 
inicio y el progreso de la fisuración.

INSPECCIÓN DE ÁLABES DE TURBINA IN-SITU

Jose Brizuela(1); Joaquín Fernández Bugna(2); Javier Podetti(3); Claudio 
Ziobrowski(4); Carlos Desimone(5)
josebrizuela@conicet.gov.ar
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Turbinas de vapor, END en mantenimiento, Elementos Finitos, Phased 
Array

Texto

Las centrales eléctricas utilizan turbinas de vapor para extraer el máximo 
potencial al calor del vapor producido en un reactor nuclear, caldera de 
carbón o calderas de recuperación de calor de turbina de gas, etc. En gene-
ral, las turbinas de vapor están construidas con filas de álabes aerodinámi-
cos (etapas) montados radialmente que van presentando gradualmente 
mayor longitud radial desde la primera fila (a la entrada del vapor) hasta la 
última fila de la salida, correspondiente a la etapa de baja presión (LSB). Las 
condiciones de operación de las turbinas siempre son complejas y varia-
bles, por lo tanto, los álabes del rotor LSB requieren de un exhaustivo con-
trol de su integridad para garantizar la seguridad operacional del sistema. 
Este trabajo presenta brevemente una serie de estudios elaborados para 
lograr una estrategia eficiente de inspección a manera de poder evaluar los 
álabes de la última etapa de baja presión (L0) durante las paradas de man-
tenimiento programado. Con este objetivo se realizaron cálculos mediante 
el método de elementos finitos (FEM) sobre las zonas críticas de los alabes 
L0, a fin de determinar los sitios de iniciación de fisuras, como así también, 
el tamaño de fisura crítica. Luego, en función del crecimiento de ésta, se 
estableció el intervalo de inspección, en condiciones estables de operación. 
A partir de estos resultados se determinaron los métodos de Ensayos No 
Destructivos (END) más eficientes para ser aplicados in-situ. En particular, 
se describe el proceso de inspección diseñado para evaluar la integridad de 
las raíces de los álabes, que se realizó mediante la tecnología de phased 
array (PAUT) y partículas magnetizables (PM).

REPARACIÓN DE UNA COLUMNA DE PRESIÓN ANTE LA EJECUCIÓN DE 
UNA ABERTURA EN EL CUERPO CILÍNDRICO, DEBIDO AL RECAMBIO DE 
INTERNOS

Héctor Sanzi
tecsaing@tecsaing.com.ar
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Texto

Ante el recambio de internos de gran tamaño en una columna de proceso 
instalada en una planta industrial, es de práctica habitual la ejecución de 
una abertura sobre el cuerpo de presión, con el objeto de realizar los traba-
jos necesarios para llevar a cabo los cortes y posterior reparación.
Es importante bajo esta situación, además de analizar el procedimiento de 
corte y reparación y contar con la logística necesaria, llevar a cabo un minu-
cioso estudio de integridad para asegurar y evitar posibles deformaciones 
durante dicho procedimiento o posteriores, una vez que el componente ya 
se encuentra en operación.
Si bien durante el trabajo de corte, el recipiente se encuentra sin presión 
interior, los estados de carga de peso propio, viento y/o sismo, como así 
también el aporte de calor consecuencia del procedimiento de soldadura 
seleccionado, pueden afectar la integridad estructural del mismo, alcan-
zando deformaciones inadmisibles que imposibiliten su reparación poste-
rior, involucrando un costo adicional, al menos, no contemplado en la etapa 
inicial. Ante esta situación, es importante analizar a través de un estudio de 
integridad estructural, la necesidad de colocar rigidizadores adicionales 
para evitar deformaciones durante el proceso de corte.
Este tipo de requerimiento se realiza cuando el componente ya cuenta con 
una cierta cantidad de años en servicio, en donde la degradación por corro-
sión u otros mecanismos de falla y el estado general del material, particular-
mente si opera a baja o alta temperatura, entre otros, pueden afectar o limi-
tar dicho estudio de integridad.
Para llevar a cabo un estudio completo de integridad, es fundamental 
contar con toda la documentación técnica que asegurar un resultado satis-
factorio. Así las Prácticas Recomendadas API 579 presentan, en función de 
la documentación existente, una clasificación en cuanto al tipo de análisis a 
utilizar, identificando diferentes Niveles de Evaluación para encarar el estu-
dio de integridad.  En este trabajo, a partir de un modelo de elementos fini-
tos tridimensional, se presenta un procedimiento de reparación y evalua-
ción de una columna de presión que se encuentra en servicio y donde se 
debe realizar un recambio de internos, haciendo necesario la ejecución de 
una abertura de 2 mts x 3 mts, sobre el cuerpo cilíndrico. Se mencionan las 
tareas adicionales necesarias de END que deberán ser realizadas para ase
gurar un trabajo seguro y que complementan al estudio de integridad.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.

CONTROL DE CALIDAD MEDIANTE END DE LA COLOCACIÓN DE FRP 
EN ESTRUCTURAS DE HORMIGÓN ARMADo

Marcelo Guzmán- Gustavo Palazzo - Victor Roldan 
mguzman@solidus-ing.com
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Texto

Las estructuras existentes pueden requerir una rehabilitación o refuerzo 
estructural debido a un cambio de destino o adecuación a un nuevo regla-
mento, o también cuando se encuentran en ellas deficiencias o patologías. 
Entre las diversas estrategias de refuerzo y rehabilitación se tiene los polí-
meros reforzados con fibra (FRP por su denominación en inglés). En gene-
ral, el FRP se presenta en forma de pletinas o tejidos que se adhieren a 
estructuras de acero, madera u hormigón armado (H°A°), a efectos de 
aumentar la resistencia de diseño de elementos estructurales, o para lograr 
un aumento en el confinamiento y la ductilidad en sectores de estructuras 
de H°A°. Se observa entonces que la adherencia entre el FRP y la superficie 
donde se coloca es de fundamental importancia. Para asegurar esa adhe-
rencia los reglamentos establecen procedimientos antes, durante y con 
posterioridad a la colocación de este refuerzo. Estos procedimientos tienen 
que ver con técnicas de ensayos no destructivas (END), así como también, 
con otras técnicas mínimamente invasivas a las que también se las podría 
considerar como END. Este trabajo tiene por objeto analizar esos requeri-
mientos para estructuras de H°A°, y mostrar la implementación de las técni-
cas antes comentadas que se han llevado a cabo en obras de Argentina. En 
la primera parte del trabajo se establecen los requerimientos que normas 
americanas y europeas establecen para la aplicación de FRP. Luego se des-
criben las características de obras en Argentina donde se ha implementado 
esta estrategia de refuerzo/rehabilitación. En la tercera parte se detalla el 
proceso de evaluación de adherencia implementado en ellas, así como el 
estudio de los resultados obtenidos. En las conclusiones se resaltan los 
aspectos fundamentales que deben considerarse en el proceso de asegura-
miento de la calidad de colocación del FRP, así como los criterios de acepta-
ción en cada etapa de ese proceso.

TERMOGRAFÍA COMO HERRAMIENTA DE DIAGNÓSTICO EN OBRAS CIVI-
LES Y BIENES CULTURALES.

Arq. Ivanna Todaro; Arq.Germán Alonso; Arq. Miguel Mancini 
itodaro@inti.gob.ar
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Termografía Aplicada a la Construcción

Texto

Las herramientas utilizadas para la evaluación del estado de los bienes 
inmuebles nos brindan información valiosa para prevenir y/o reconocer pro-
blemáticas, o bien para identificar características constructivas de los 
mismos. Consideramos que es importante alcanzar un pre-diagnóstico 
utilizando los recursos y equipamientos pertinentes a los escenarios que se 
nos presentan. La utilización de la termografía como herramienta que nos 
permite alcanzar nuestros objetivos en cuanto al estudio de estos bienes de 
una forma no invasiva. Entre las distintas aplicaciones dentro de las obras 
civiles la termografía nos puede dar la posibilidad de reconocer sistemas 
constructivos, modificaciones o adhesiones en los mismos, evaluar filtra-
ciones en instalaciones sanitarias y/o infiltraciones de agua en la envolvente 
del edificio, posibles puentes térmicos o pérdidas de calor en cerramientos, 
como también prevenir deficiencias en el sistema eléctrico. 
La posibilidad de utilizar esta técnica de estudio la posiciona como herra-
mienta valiosa en toda obra civil y especialmente en bienes con valor patri-
monial. Sabemos de la importancia y de la responsabilidad que implica 
intervenir en estos edificios históricos, por lo tanto, la metodología menos 
invasiva es fundamental para conservar la integridad y la identidad de 
nuestras huellas históricas y culturales.

DESARROLLO DE UN EQUIPO MODULAR DE BAJO COSTO PARA LA CA-
RACTERIZACIÓN DE MATERIALES Y PROCESOS UTILIZANDO LA TÉCNI-
CA INTERFEROMÉTRICA OCT (TOMOGRAFÍA DE COHERENCIA ÓPTICA) 

Tabla Pablo (1), Eneas Morel (2), Jorge Torga (3)
ptabla@frd.utn.edu.ar
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Texto

El objetivo central del trabajo es el presentar un equipo modular industrial 
de bajo costo utilizando la técnica interferometría de baja coherencia OCT 
(tomografía de coherencia óptica) para la caracterización de materiales y 
procesos. La técnica es no destructiva y sin contacto, permite determinar 
topografías y tomografías con un rango de 2 mm de espesor o profundidad 
y áreas en el orden del cm2 con una resolución espacial inferior al micrón. El 
equipo tiene un diseño modular con un enfoque en aplicaciones para con-
trol de calidad y monitoreo de procesos de producción en tiempo real e “in 
situ”. La medición se efectúa iluminando uno o varios puntos de la muestra 
y analizando las reflexiones con un código de procesamiento de señal. La 
técnica permite caracterizar procesos de cristalización, polimerización, 
secado de pinturas, lograr tomografías en muestras multicapa semitrans-
parentes y topografías en muestras opacas como metal. Se presentan 
resultados de diferentes caracterizaciones: espesores de recubrimientos 
(laca sobre tejido de fibra de carbono), rugosidad superficial (piezas metáli-
cas con diferentes mecanizados) entre las aplicaciones más destacadas.

UTILIZACIÓN DE LA EMISIÓN ACÚSTICA PARA EVALUACIÓN DEL 
DAÑOEN MATERIALES COMPUESTOS LAMINARES HÍBRIDOS

Guido Ferrari 1, Martín Gómez 1,2
guicferrari@gmail.com
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Emisión Acústica, material compuesto hibrido, ensayos no destructivos, 
flexión

Texto

La Emisión Acústica (EA) es una técnica de END ampliamente utilizada 
para el estudio de materiales compuestos dado que permite obtener infor-
mación de las fuentes que generan esta la emisión que suelen estar relacio-
nadas con defectos y fallas del material. Habitualmente se puede asociar el 
nivel de EA con la intensidad de la solicitación mecánica del material anali-
zando las cargas críticas sobre este antes de llegar a la rotura del compo-
nente y además, contando con un número suficiente de sensores, se 
pueden posicionar las fuentes que emiten dicha información ultrasónica 
para su posterior individualización y análisis. 
En el presente trabajo se ensayaron probetas de material compuesto lami-
nar híbrido (fibra de carbono – fibra de vidrio – resina polimérica) las cuales 
fueron construidas de manera tal de tener discontinuidades en el multila-
minado simulando defectos de fabricación tendientes a disminuir la resis-
tencia estructural del material. En la experimentación se estudiaron probe-
tas que fueron solicitadas mecánicamente a la flexión en ensayos de tres 
puntos. Durante los ensayos se midió la EA con 4 sensores piezoeléctricos 
para detectar y posicionar las fuentes de EA dentro del material. Adicional-
mente se digitalizó la carga de flexión de manera simultánea con la EA. Se 
estudiaron los parámetros de EA Amplitud, número de cuentas y energía 
MARSE principalmente. Se midió la velocidad de propagación de las ondas 
elásticas para el material y analizando los tiempos de vuelo hasta los 4 sen-
sores para cada evento se pudo establecer la posición de los defectos y la 
carga mecánica a la cual emiten EA. Luego de un filtrado en amplitud y del 
post procesamiento de la información a partir de las cuentas y la energía 
acumulada, los resultados permitieron asociar el nivel de carga mecánica, 
con las zonas de alta emisión y los defectos macroscópicos producidos 
durante la fabricación de las piezas.

OBSERVATORIO DE END EN ARGENTINA, UNA HERRAMIENTA PARA 
IMPULSAR EL SECTOR

Virginia Kuklis, Sabrina Accorinti, Ignacio Fraile, Pablo González Táboas, 
Juan Manuel Labanca y Jorge Schneebeli
prgonzalez@inti.gob.ar

Palabras clave

Extensometría; Central Nuclear, Elementos Finitos, Ensayos de Componen-
te Nucleares, Tensiones, Deformaciones

Texto

La disciplina de Ensayos No Destructivos en Argentina mantiene su creci-
miento a través de los años como así también su dinámica particular, que 
impacta transversalmente en varios rubros de la actividad industrial del 
país.
Hoy en día se trata de un ámbito que involucra una gran diversidad de acto-
res, tanto nacionales como internacionales que se relacionan entre sí de 
distintas maneras. Entre ellos podemos identificar, a modo de ejemplo, 
organismos de regulación, asociaciones civiles, empresas que prestan ser-
vicios, empresas que los demandan e instituciones académicas. 
En este escenario tan complejo, el desafío que se plantea es potenciar, arti-
cular y complementar las capacidades del sector de los END de manera de 
generar más fuentes de trabajo y mejorar la eficiencia de la industria nacio-
nal, y plantear su rol estratégico en aspectos de seguridad pública.
En este sentido, a partir de la vinculación estratégica entre Organismos 
públicos y privados, como ser el INTI y CEENDRA, surgió el interés en la 
creación de un Observatorio del sector de los END en Argentina, que fun-
cione de referencia para el sector. 
En este trabajo se presentará el camino recorrido por las instituciones, un 
mapa del sector de los END, los objetivos y antecedentes del Observatorio y 
sus potencialidades. Se expondrá también la experiencia de INTI-Mecánica 
en el trabajo con otros sectores industriales, su relevamiento de empresas 
de END y el trabajo que viene realizando la Cámara empresaria en este sen-
tido.

APLICACIÓN DE EXTENSOMETRÍA EN ENSAYOS DE PANDEO SOBRE 
COMPONENTES NUCLEARES

Mariano Arévalo; Alberto Martín Ghiselli;Giselle Villabrille;Gabriel
Cataldo  
marevalo@cnea.gov.ar

Palabras clave

Extensometría; Central Nuclear, Elementos Finitos, Ensayos de Componen-
te Nucleares, Tensiones, Deformaciones

Texto

Se presentan los resultados de una serie de ensayos de pandeo realizados 
sobre uno de los componentes internos de un reactor PHWR. Los mismos 
se llevaron a cabo para caracterizar una condición del sistema en la cual se 
producen dilataciones diferenciales de la vasija del reactor. Esta carga 
térmica, en conjunto con una condición de vínculo especial, provoca una 
solicitación mecánica del componente durante la parada del reactor no 
prevista en el diseño. Por lo tanto, a fin de determinar el estado de tensio-
nes en esta situación, se construyó un dispositivo (mock-up) que permita 
reproducir las condiciones de pandeo sobre el componente de manera de 
relevar las fuerzas y el desplazamiento resultante. Adicionalmente a las me-
diciones de cargas y flechas de pandeo, se colocaron un conjunto de exten-
sómetros en las zonas más comprometidas a fin de obtener el estado de 
deformaciones y tensiones resultante. Con los datos provenientes de los 
ensayos realizados se confeccionó un modelo de elementos finitos no lineal 
del sistema y se validaron los resultados del mismo. Esto permitió hallar el 
estado de concentración de tensiones en otras zonas del conjunto a fin de 
obtener el margen de seguridad del componente ensayado y verificar que 
no se supera el límite elástico del material del mismo.
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ENSAYOS DE CALIFICACIÓN SÍSMICA PARA EQUIPOS Y COMPONENTES 
DE CENTRALES NUCLEARES

Sergio D. Lingeri, Martín Ghiselli Alberto - Mariano Arévalo - 
Itai Rozenbaum
lingeri@cnea.gov.ar

Palabras clave

Frecuencias naturales; Central Nuclear, calificación de componentes, 
ensayos sísmicos, vibraciones.

Texto

El empleo de equipos y componentes en centrales nucleares de genera-
ción eléctrica requiere de un previo programa de calificación de esos equi-
pos y componentes a fin de asegurar que los mismos prestarán el servicio 
adecuado en las distintas condiciones ambientales a las que podrán verse 
sometidos. Una parte de ese programa de calificación está orientada a ase-
gurar la correcta operación de los componentes durante y después de 
haber soportado los efectos de un sismo.
Estos programas de calificación de componentes se aplican tanto a los 
correspondientes para nuevas centrales nucleares como a los destinados a 
los programas de mantenimiento o extensión de vida de las centrales 
nucleares existentes. 
Se presenta el marco regulatorio internacional vigente para estos ensayos 
de calificación sísmica, los distintos métodos de calificación que pueden 
emplearse y la experiencia obtenida en CNEA en la calificación sísmica por 
ensayo, de equipos y componentes para las plantas nucleares de genera-
ción eléctrica ubicadas en la República Argentina.

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

ANÁLISIS DE MEDICIONES DE RESISTIVIDAD EN HORMIGONES REFOR-
ZADOS CON FIBRAS

E. D Gomez (1,2); R. Zerbino (3,4,5) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de rmaduras - Resistividad del hormigón - Hormigones reforza-
dos con fibras

Texto

La resistividad del hormigón es un parámetro que indica variaciones en el 
contenido de humedad de un material cementiceo. En términos de corro-
sión de armaduras su registro puede utilizarse como un indicador de sus-
ceptibilidad de deterioro. Diferentes dispositivos y equipos comerciales 
utilizan técnicas de corriente alterna para establecer la resistividad del hor-
migón. En elementos estructurales dañados por corrosión, que presentan 
vulnerabilidad en el diseño de su sección, se pueden realizar refuerzos o 
remplazos de recubrimientos utilizando HRF como estrategia de reparacio-
nes o extensiones de vida. En presencia de fibras metálicas, el registro de la 
resistividad del hormigón con técnicas de corriente alterna es subvalorado, 
por la conductividad de las fibras, siendo necesario establecer factores de 
corrección para valores obtenidos con equipos comerciales diseñados para 
ser utilizados en hormigones convencionales. Con el fin de establecer crite-
rios de medición precisos, se planteó un programa experimental con ele-
mentos de HRF y se realizaron mediciones utilizando un equipo comercial 
y sensores desarrollados para monitorear la corrosión.  Los resultados mos-
traron que las mediciones realizadas con el equipo comercial requieren un 
factor de corrección. A su vez, se realizaron barridos de frecuencias utilizan-
do el sensor y se estableció que utilizando frecuencias de 1Hz se obtienen 
registros más precisos de resistividad en hormigones reforzados con fibras 
metálicas. No se observó influencia significativa del contenido de fibras en 
los resultados.

ESTRUCTURAS DE HORMIGÓN ARMADO DAÑADAS DEBIDO A CORRO-
SIÓN POR CARBONATACIÓN. ESTRATEGIAS PARA LA EVALUACIÓN Y EL 
MONITOREO DE LAS REPARACIONES MEDIANTE LA UTILIZACIÓN DE 
SENSORES.

E. D. Gomez (1,2), J. I. Carricondo (1,2), S. B. Farina (1,3) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de armaduras - Modelos de vida - Sensores de corrosión

Texto

Cuando el hormigón que protege a las armaduras de elementos estructu-
rales se carbonata se inicia un proceso de corrosión generalizada que tiene 
como consecuencia la reducción de la sección y la acumulación de produc-
tos de corrosión. Sin embargo, en ambientes poco húmedos el proceso de 
deterioro se desarrolla lentamente, pudiendo pasar décadas antes de pro-
ducirse perdidas de sección significativas o evidenciar algún daño en el 
recubrimiento por la acumulación de productos de corrosión. En general, 
en elementos estructurales donde la corrosión por carbonatación se desa-
rrolla, el fin de la vida útil está asociado a la aparición de fisuras o desprendi-
mientos en el recubrimiento. La vulnerabilidad de un elemento a manifes-
tar patologías está asociada a aspectos de diseño y constructivos como la 
relación “diámetro de armadura - espesor de recubrimiento” y la calidad del 
material cementiceo. Además de significar un deterioro estético, la apari-
ción de patologías, como fisuras y desprendimientos, favorece el desarrollo 
acelerado del deterioro por corrosión, siendo necesario realizar intervencio-
nes para garantizar la seguridad durante la vida de servicio remanente. En 
este trabajo se proponen estrategias para evaluar reparaciones en estructu-
ras dañadas por corrosión inducida por carbonatación y monitorear la vida 
residual de elementos estructurales mediante el uso de sensores adapta-
dos. Se presentan resultados de trabajos experimentales realizados para la 
adaptación de sensores para su utilización en elementos con geometría 
plana y en reparaciones hechas con materiales cementiceos especiales.

DESARROLLO DE UN MEDIDOR DE ESPESORES DE RECUBRIMIENTOS

Marcelo Gutiérrez, Javier Fava, Rodrigo Romero, Juan Vorobioff y Fede-
rico Checozzi
javier.fava@hotmail.com

Palabras clave

Recubrimientos, lift-off, Corrientes-inducidas

Texto

Es conocida la amplia utilización de medidores de recubrimientos, tanto en 
diferentes industrias como en laboratorios de investigación y desarrollo. 
Generalmente, estos equipos se fabrican para realizar mediciones sobre un 
número limitado de pares substrato-recubrimiento, reduciendo el rango de 
aplicaciones. Disponer de un equipo de desarrollo propio, ampliará los atri-
butos no contemplados en los equipos comerciales.
Se desarrolló un medidor de espesores que aplica el método de corrientes 
inducidas. En la etapa actual del desarrollo se midieron espesores de recu-
brimientos no conductores sobre sustratos no ferromagnéticos. Parte del 
circuito del medidor está compuesto de un oscilador Colpittts. La impedan-
cia del conjunto se modifica según el lift-off, y esto genera cambios en la 
frecuencia de resonancia. La curva de calibración del sistema se determina 
a través de la variación de la frecuencia de resonancia en función del lift-off. 
El sistema se probó con espesores entre 25 y 905 micrones sobre aluminio 
6061 y sobre Zry-4; obteniéndose resultados muy satisfactorios. 
Se presentarán los desarrollos logrados y los resultados obtenidos. También 
se discutirá la posible aplicación sobre materiales ferromagnéticos y en 
situaciones donde se tenga que extender la longitud de los cables.

ESTUDIO MAGNÉTICO DE LA TRANSFORMACIÓN INDUCIDA POR DE-
FORMACIÓN EN FRÍO EN ACEROS INOXIDABLES AUSTENÍTICOS

Miriam Rocío Neyra Astudillo (1), Cristina Spinosa (3),  Mónica Landau (3),  
Guido Ferrari (2), Martin Gómez (1) 
mneyrast@gmail.com

Palabras clave

Ruido Magnético Barkhausen, Emisión Magneto Acústica, austenita, mar-
tensita

Texto

La fase austenita-γ en los aceros inoxidables austeníticos es metaestable. 
Cuando es deformada en frío puede transformarse parcialmente a marten-
sita- �´ ferromagnética. la cantidad de α’ formada depende de la composi-
ción química del acero, de la temperatura del proceso y de la deformación 
aplicada. A partir de tratamientos térmicos por encima de la temperatura 
de inicio de la Austenita AS, la estructura austenítica puede ser recuperada. 
El Ruido Magnético Barkhausen (RMB) y la Emisión Magneto Acústica 
(EMA), son técnicas magnéticas muy sensibles a la microestructura, a las 
tensiones residuales y a la deformación de los materiales ferromagnéticos. 
Cuando se somete un material ferromagnético a un campo magnético 
oscilante producido por una corriente eléctrica cuya amplitud varía lenta-
mente de manera cíclica, se produce en el material excitado el movimiento 
de las Paredes de los Dominios Magnéticos que origina el RMB.  Se originan 
principalmente dos respuestas tipo ruido que se propagan de manera 
ondulatoria, una magnética (RMB) detectable con una bobina colectora 
sobre la superficie del material y otra elástica que puede detectarse colo-
cando un sensor de emisión acústica (EMA). En este trabajo se evalúa me-
diante RMB y EMA para evaluar el contenido de martensita �’ en diferentes 
muestras de aceros inoxidables austeníticos deformadas por laminación en 
frío y tratadas térmicamente para revertir a austenita. En las mismas no se 
ha completado la austenización y por ello presentan ambas fases y un com-
portamiento magnético, el cual decrece a medida que la fracción de la fase 
� aumenta para los Tratamientos Térmicos (TT) de mayor temperatura. Se 
hizo un análisis temporal y frecuencial de las señales y se calculó su valor 
RMS. Se observó que el RMB y EMA disminuyen con el menor contenido de 
martensita �’ para materiales sometidos a TT de mayor temperatura. La 
cantidad de martensita también se midió con un ferrideltímetro comercial 
que reveló una concordancia con los resultados obtenidos con los métodos 
magnéticos. El RMB y la EMA mostraron ser técnicas eficaces en la detec-
ción de la presencia de martensita.

EMISIÓN ACÚSTICA Y EVOLUCIÓN DE DAÑO EN VIGAS DE HORMIGÓN 
ARMADO SOMETIDAS A CARGA CÍCLICA

Hernán Xargay (1,2) Marianela Ripani (2,3)
hernanxargay@gmail.com

Palabras clave
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Texto

En este trabajo se presentan los resultados de ensayos a rotura de vigas de 
hormigón armado, monitoreadas continuamente con el método de Emi-
sión Acústica (EA). Se diseñaron dos disposiciones diferentes de armaduras 
de refuerzo, con o sin estribos, para obtener modos de falla por flexión o 
corte, respectivamente. Además, algunas de las vigas fueron reforzadas adi-
cionalmente con fibras de acero en la mezcla de hormigón. Se aplicó un 
procedimiento de carga caracterizado por varios ciclos de amplitud cre-
ciente hasta alcanzar la capacidad máxima de las vigas. Se presentan y 
comparan los comportamientos de falla de las vigas y la aptitud de cuatro 
índices basados en EA para evaluar su nivel de daño. La incorporación de 
fibras de acero mejoró la resistencia al corte al restringir el desarrollo de 
fisuras inclinadas en la viga sin estribos. Finalmente, se puede concluir que 
los índices EA mostraron en todos los casos una buena correlación con el 
inicio y el progreso de la fisuración.

INSPECCIÓN DE ÁLABES DE TURBINA IN-SITU

Jose Brizuela(1); Joaquín Fernández Bugna(2); Javier Podetti(3); Claudio 
Ziobrowski(4); Carlos Desimone(5)
josebrizuela@conicet.gov.ar
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Texto

Las centrales eléctricas utilizan turbinas de vapor para extraer el máximo 
potencial al calor del vapor producido en un reactor nuclear, caldera de 
carbón o calderas de recuperación de calor de turbina de gas, etc. En gene-
ral, las turbinas de vapor están construidas con filas de álabes aerodinámi-
cos (etapas) montados radialmente que van presentando gradualmente 
mayor longitud radial desde la primera fila (a la entrada del vapor) hasta la 
última fila de la salida, correspondiente a la etapa de baja presión (LSB). Las 
condiciones de operación de las turbinas siempre son complejas y varia-
bles, por lo tanto, los álabes del rotor LSB requieren de un exhaustivo con-
trol de su integridad para garantizar la seguridad operacional del sistema. 
Este trabajo presenta brevemente una serie de estudios elaborados para 
lograr una estrategia eficiente de inspección a manera de poder evaluar los 
álabes de la última etapa de baja presión (L0) durante las paradas de man-
tenimiento programado. Con este objetivo se realizaron cálculos mediante 
el método de elementos finitos (FEM) sobre las zonas críticas de los alabes 
L0, a fin de determinar los sitios de iniciación de fisuras, como así también, 
el tamaño de fisura crítica. Luego, en función del crecimiento de ésta, se 
estableció el intervalo de inspección, en condiciones estables de operación. 
A partir de estos resultados se determinaron los métodos de Ensayos No 
Destructivos (END) más eficientes para ser aplicados in-situ. En particular, 
se describe el proceso de inspección diseñado para evaluar la integridad de 
las raíces de los álabes, que se realizó mediante la tecnología de phased 
array (PAUT) y partículas magnetizables (PM).

REPARACIÓN DE UNA COLUMNA DE PRESIÓN ANTE LA EJECUCIÓN DE 
UNA ABERTURA EN EL CUERPO CILÍNDRICO, DEBIDO AL RECAMBIO DE 
INTERNOS

Héctor Sanzi
tecsaing@tecsaing.com.ar
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Texto

Ante el recambio de internos de gran tamaño en una columna de proceso 
instalada en una planta industrial, es de práctica habitual la ejecución de 
una abertura sobre el cuerpo de presión, con el objeto de realizar los traba-
jos necesarios para llevar a cabo los cortes y posterior reparación.
Es importante bajo esta situación, además de analizar el procedimiento de 
corte y reparación y contar con la logística necesaria, llevar a cabo un minu-
cioso estudio de integridad para asegurar y evitar posibles deformaciones 
durante dicho procedimiento o posteriores, una vez que el componente ya 
se encuentra en operación.
Si bien durante el trabajo de corte, el recipiente se encuentra sin presión 
interior, los estados de carga de peso propio, viento y/o sismo, como así 
también el aporte de calor consecuencia del procedimiento de soldadura 
seleccionado, pueden afectar la integridad estructural del mismo, alcan-
zando deformaciones inadmisibles que imposibiliten su reparación poste-
rior, involucrando un costo adicional, al menos, no contemplado en la etapa 
inicial. Ante esta situación, es importante analizar a través de un estudio de 
integridad estructural, la necesidad de colocar rigidizadores adicionales 
para evitar deformaciones durante el proceso de corte.
Este tipo de requerimiento se realiza cuando el componente ya cuenta con 
una cierta cantidad de años en servicio, en donde la degradación por corro-
sión u otros mecanismos de falla y el estado general del material, particular-
mente si opera a baja o alta temperatura, entre otros, pueden afectar o limi-
tar dicho estudio de integridad.
Para llevar a cabo un estudio completo de integridad, es fundamental 
contar con toda la documentación técnica que asegurar un resultado satis-
factorio. Así las Prácticas Recomendadas API 579 presentan, en función de 
la documentación existente, una clasificación en cuanto al tipo de análisis a 
utilizar, identificando diferentes Niveles de Evaluación para encarar el estu-
dio de integridad.  En este trabajo, a partir de un modelo de elementos fini-
tos tridimensional, se presenta un procedimiento de reparación y evalua-
ción de una columna de presión que se encuentra en servicio y donde se 
debe realizar un recambio de internos, haciendo necesario la ejecución de 
una abertura de 2 mts x 3 mts, sobre el cuerpo cilíndrico. Se mencionan las 
tareas adicionales necesarias de END que deberán ser realizadas para ase
gurar un trabajo seguro y que complementan al estudio de integridad.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.

CONTROL DE CALIDAD MEDIANTE END DE LA COLOCACIÓN DE FRP 
EN ESTRUCTURAS DE HORMIGÓN ARMADo

Marcelo Guzmán- Gustavo Palazzo - Victor Roldan 
mguzman@solidus-ing.com
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Texto

Las estructuras existentes pueden requerir una rehabilitación o refuerzo 
estructural debido a un cambio de destino o adecuación a un nuevo regla-
mento, o también cuando se encuentran en ellas deficiencias o patologías. 
Entre las diversas estrategias de refuerzo y rehabilitación se tiene los polí-
meros reforzados con fibra (FRP por su denominación en inglés). En gene-
ral, el FRP se presenta en forma de pletinas o tejidos que se adhieren a 
estructuras de acero, madera u hormigón armado (H°A°), a efectos de 
aumentar la resistencia de diseño de elementos estructurales, o para lograr 
un aumento en el confinamiento y la ductilidad en sectores de estructuras 
de H°A°. Se observa entonces que la adherencia entre el FRP y la superficie 
donde se coloca es de fundamental importancia. Para asegurar esa adhe-
rencia los reglamentos establecen procedimientos antes, durante y con 
posterioridad a la colocación de este refuerzo. Estos procedimientos tienen 
que ver con técnicas de ensayos no destructivas (END), así como también, 
con otras técnicas mínimamente invasivas a las que también se las podría 
considerar como END. Este trabajo tiene por objeto analizar esos requeri-
mientos para estructuras de H°A°, y mostrar la implementación de las técni-
cas antes comentadas que se han llevado a cabo en obras de Argentina. En 
la primera parte del trabajo se establecen los requerimientos que normas 
americanas y europeas establecen para la aplicación de FRP. Luego se des-
criben las características de obras en Argentina donde se ha implementado 
esta estrategia de refuerzo/rehabilitación. En la tercera parte se detalla el 
proceso de evaluación de adherencia implementado en ellas, así como el 
estudio de los resultados obtenidos. En las conclusiones se resaltan los 
aspectos fundamentales que deben considerarse en el proceso de asegura-
miento de la calidad de colocación del FRP, así como los criterios de acepta-
ción en cada etapa de ese proceso.

TERMOGRAFÍA COMO HERRAMIENTA DE DIAGNÓSTICO EN OBRAS CIVI-
LES Y BIENES CULTURALES.

Arq. Ivanna Todaro; Arq.Germán Alonso; Arq. Miguel Mancini 
itodaro@inti.gob.ar
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Texto

Las herramientas utilizadas para la evaluación del estado de los bienes 
inmuebles nos brindan información valiosa para prevenir y/o reconocer pro-
blemáticas, o bien para identificar características constructivas de los 
mismos. Consideramos que es importante alcanzar un pre-diagnóstico 
utilizando los recursos y equipamientos pertinentes a los escenarios que se 
nos presentan. La utilización de la termografía como herramienta que nos 
permite alcanzar nuestros objetivos en cuanto al estudio de estos bienes de 
una forma no invasiva. Entre las distintas aplicaciones dentro de las obras 
civiles la termografía nos puede dar la posibilidad de reconocer sistemas 
constructivos, modificaciones o adhesiones en los mismos, evaluar filtra-
ciones en instalaciones sanitarias y/o infiltraciones de agua en la envolvente 
del edificio, posibles puentes térmicos o pérdidas de calor en cerramientos, 
como también prevenir deficiencias en el sistema eléctrico. 
La posibilidad de utilizar esta técnica de estudio la posiciona como herra-
mienta valiosa en toda obra civil y especialmente en bienes con valor patri-
monial. Sabemos de la importancia y de la responsabilidad que implica 
intervenir en estos edificios históricos, por lo tanto, la metodología menos 
invasiva es fundamental para conservar la integridad y la identidad de 
nuestras huellas históricas y culturales.

DESARROLLO DE UN EQUIPO MODULAR DE BAJO COSTO PARA LA CA-
RACTERIZACIÓN DE MATERIALES Y PROCESOS UTILIZANDO LA TÉCNI-
CA INTERFEROMÉTRICA OCT (TOMOGRAFÍA DE COHERENCIA ÓPTICA) 

Tabla Pablo (1), Eneas Morel (2), Jorge Torga (3)
ptabla@frd.utn.edu.ar
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Texto

El objetivo central del trabajo es el presentar un equipo modular industrial 
de bajo costo utilizando la técnica interferometría de baja coherencia OCT 
(tomografía de coherencia óptica) para la caracterización de materiales y 
procesos. La técnica es no destructiva y sin contacto, permite determinar 
topografías y tomografías con un rango de 2 mm de espesor o profundidad 
y áreas en el orden del cm2 con una resolución espacial inferior al micrón. El 
equipo tiene un diseño modular con un enfoque en aplicaciones para con-
trol de calidad y monitoreo de procesos de producción en tiempo real e “in 
situ”. La medición se efectúa iluminando uno o varios puntos de la muestra 
y analizando las reflexiones con un código de procesamiento de señal. La 
técnica permite caracterizar procesos de cristalización, polimerización, 
secado de pinturas, lograr tomografías en muestras multicapa semitrans-
parentes y topografías en muestras opacas como metal. Se presentan 
resultados de diferentes caracterizaciones: espesores de recubrimientos 
(laca sobre tejido de fibra de carbono), rugosidad superficial (piezas metáli-
cas con diferentes mecanizados) entre las aplicaciones más destacadas.

UTILIZACIÓN DE LA EMISIÓN ACÚSTICA PARA EVALUACIÓN DEL 
DAÑOEN MATERIALES COMPUESTOS LAMINARES HÍBRIDOS

Guido Ferrari 1, Martín Gómez 1,2
guicferrari@gmail.com
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flexión

Texto

La Emisión Acústica (EA) es una técnica de END ampliamente utilizada 
para el estudio de materiales compuestos dado que permite obtener infor-
mación de las fuentes que generan esta la emisión que suelen estar relacio-
nadas con defectos y fallas del material. Habitualmente se puede asociar el 
nivel de EA con la intensidad de la solicitación mecánica del material anali-
zando las cargas críticas sobre este antes de llegar a la rotura del compo-
nente y además, contando con un número suficiente de sensores, se 
pueden posicionar las fuentes que emiten dicha información ultrasónica 
para su posterior individualización y análisis. 
En el presente trabajo se ensayaron probetas de material compuesto lami-
nar híbrido (fibra de carbono – fibra de vidrio – resina polimérica) las cuales 
fueron construidas de manera tal de tener discontinuidades en el multila-
minado simulando defectos de fabricación tendientes a disminuir la resis-
tencia estructural del material. En la experimentación se estudiaron probe-
tas que fueron solicitadas mecánicamente a la flexión en ensayos de tres 
puntos. Durante los ensayos se midió la EA con 4 sensores piezoeléctricos 
para detectar y posicionar las fuentes de EA dentro del material. Adicional-
mente se digitalizó la carga de flexión de manera simultánea con la EA. Se 
estudiaron los parámetros de EA Amplitud, número de cuentas y energía 
MARSE principalmente. Se midió la velocidad de propagación de las ondas 
elásticas para el material y analizando los tiempos de vuelo hasta los 4 sen-
sores para cada evento se pudo establecer la posición de los defectos y la 
carga mecánica a la cual emiten EA. Luego de un filtrado en amplitud y del 
post procesamiento de la información a partir de las cuentas y la energía 
acumulada, los resultados permitieron asociar el nivel de carga mecánica, 
con las zonas de alta emisión y los defectos macroscópicos producidos 
durante la fabricación de las piezas.

OBSERVATORIO DE END EN ARGENTINA, UNA HERRAMIENTA PARA 
IMPULSAR EL SECTOR

Virginia Kuklis, Sabrina Accorinti, Ignacio Fraile, Pablo González Táboas, 
Juan Manuel Labanca y Jorge Schneebeli
prgonzalez@inti.gob.ar
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Texto

La disciplina de Ensayos No Destructivos en Argentina mantiene su creci-
miento a través de los años como así también su dinámica particular, que 
impacta transversalmente en varios rubros de la actividad industrial del 
país.
Hoy en día se trata de un ámbito que involucra una gran diversidad de acto-
res, tanto nacionales como internacionales que se relacionan entre sí de 
distintas maneras. Entre ellos podemos identificar, a modo de ejemplo, 
organismos de regulación, asociaciones civiles, empresas que prestan ser-
vicios, empresas que los demandan e instituciones académicas. 
En este escenario tan complejo, el desafío que se plantea es potenciar, arti-
cular y complementar las capacidades del sector de los END de manera de 
generar más fuentes de trabajo y mejorar la eficiencia de la industria nacio-
nal, y plantear su rol estratégico en aspectos de seguridad pública.
En este sentido, a partir de la vinculación estratégica entre Organismos 
públicos y privados, como ser el INTI y CEENDRA, surgió el interés en la 
creación de un Observatorio del sector de los END en Argentina, que fun-
cione de referencia para el sector. 
En este trabajo se presentará el camino recorrido por las instituciones, un 
mapa del sector de los END, los objetivos y antecedentes del Observatorio y 
sus potencialidades. Se expondrá también la experiencia de INTI-Mecánica 
en el trabajo con otros sectores industriales, su relevamiento de empresas 
de END y el trabajo que viene realizando la Cámara empresaria en este sen-
tido.

APLICACIÓN DE EXTENSOMETRÍA EN ENSAYOS DE PANDEO SOBRE 
COMPONENTES NUCLEARES

Mariano Arévalo; Alberto Martín Ghiselli;Giselle Villabrille;Gabriel
Cataldo  
marevalo@cnea.gov.ar
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Texto

Se presentan los resultados de una serie de ensayos de pandeo realizados 
sobre uno de los componentes internos de un reactor PHWR. Los mismos 
se llevaron a cabo para caracterizar una condición del sistema en la cual se 
producen dilataciones diferenciales de la vasija del reactor. Esta carga 
térmica, en conjunto con una condición de vínculo especial, provoca una 
solicitación mecánica del componente durante la parada del reactor no 
prevista en el diseño. Por lo tanto, a fin de determinar el estado de tensio-
nes en esta situación, se construyó un dispositivo (mock-up) que permita 
reproducir las condiciones de pandeo sobre el componente de manera de 
relevar las fuerzas y el desplazamiento resultante. Adicionalmente a las me-
diciones de cargas y flechas de pandeo, se colocaron un conjunto de exten-
sómetros en las zonas más comprometidas a fin de obtener el estado de 
deformaciones y tensiones resultante. Con los datos provenientes de los 
ensayos realizados se confeccionó un modelo de elementos finitos no lineal 
del sistema y se validaron los resultados del mismo. Esto permitió hallar el 
estado de concentración de tensiones en otras zonas del conjunto a fin de 
obtener el margen de seguridad del componente ensayado y verificar que 
no se supera el límite elástico del material del mismo.
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ENSAYOS DE CALIFICACIÓN SÍSMICA PARA EQUIPOS Y COMPONENTES 
DE CENTRALES NUCLEARES

Sergio D. Lingeri, Martín Ghiselli Alberto - Mariano Arévalo - 
Itai Rozenbaum
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Texto

El empleo de equipos y componentes en centrales nucleares de genera-
ción eléctrica requiere de un previo programa de calificación de esos equi-
pos y componentes a fin de asegurar que los mismos prestarán el servicio 
adecuado en las distintas condiciones ambientales a las que podrán verse 
sometidos. Una parte de ese programa de calificación está orientada a ase-
gurar la correcta operación de los componentes durante y después de 
haber soportado los efectos de un sismo.
Estos programas de calificación de componentes se aplican tanto a los 
correspondientes para nuevas centrales nucleares como a los destinados a 
los programas de mantenimiento o extensión de vida de las centrales 
nucleares existentes. 
Se presenta el marco regulatorio internacional vigente para estos ensayos 
de calificación sísmica, los distintos métodos de calificación que pueden 
emplearse y la experiencia obtenida en CNEA en la calificación sísmica por 
ensayo, de equipos y componentes para las plantas nucleares de genera-
ción eléctrica ubicadas en la República Argentina.

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com
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Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

ANÁLISIS DE MEDICIONES DE RESISTIVIDAD EN HORMIGONES REFOR-
ZADOS CON FIBRAS

E. D Gomez (1,2); R. Zerbino (3,4,5) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de rmaduras - Resistividad del hormigón - Hormigones reforza-
dos con fibras

Texto

La resistividad del hormigón es un parámetro que indica variaciones en el 
contenido de humedad de un material cementiceo. En términos de corro-
sión de armaduras su registro puede utilizarse como un indicador de sus-
ceptibilidad de deterioro. Diferentes dispositivos y equipos comerciales 
utilizan técnicas de corriente alterna para establecer la resistividad del hor-
migón. En elementos estructurales dañados por corrosión, que presentan 
vulnerabilidad en el diseño de su sección, se pueden realizar refuerzos o 
remplazos de recubrimientos utilizando HRF como estrategia de reparacio-
nes o extensiones de vida. En presencia de fibras metálicas, el registro de la 
resistividad del hormigón con técnicas de corriente alterna es subvalorado, 
por la conductividad de las fibras, siendo necesario establecer factores de 
corrección para valores obtenidos con equipos comerciales diseñados para 
ser utilizados en hormigones convencionales. Con el fin de establecer crite-
rios de medición precisos, se planteó un programa experimental con ele-
mentos de HRF y se realizaron mediciones utilizando un equipo comercial 
y sensores desarrollados para monitorear la corrosión.  Los resultados mos-
traron que las mediciones realizadas con el equipo comercial requieren un 
factor de corrección. A su vez, se realizaron barridos de frecuencias utilizan-
do el sensor y se estableció que utilizando frecuencias de 1Hz se obtienen 
registros más precisos de resistividad en hormigones reforzados con fibras 
metálicas. No se observó influencia significativa del contenido de fibras en 
los resultados.

ESTRUCTURAS DE HORMIGÓN ARMADO DAÑADAS DEBIDO A CORRO-
SIÓN POR CARBONATACIÓN. ESTRATEGIAS PARA LA EVALUACIÓN Y EL 
MONITOREO DE LAS REPARACIONES MEDIANTE LA UTILIZACIÓN DE 
SENSORES.

E. D. Gomez (1,2), J. I. Carricondo (1,2), S. B. Farina (1,3) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de armaduras - Modelos de vida - Sensores de corrosión

Texto

Cuando el hormigón que protege a las armaduras de elementos estructu-
rales se carbonata se inicia un proceso de corrosión generalizada que tiene 
como consecuencia la reducción de la sección y la acumulación de produc-
tos de corrosión. Sin embargo, en ambientes poco húmedos el proceso de 
deterioro se desarrolla lentamente, pudiendo pasar décadas antes de pro-
ducirse perdidas de sección significativas o evidenciar algún daño en el 
recubrimiento por la acumulación de productos de corrosión. En general, 
en elementos estructurales donde la corrosión por carbonatación se desa-
rrolla, el fin de la vida útil está asociado a la aparición de fisuras o desprendi-
mientos en el recubrimiento. La vulnerabilidad de un elemento a manifes-
tar patologías está asociada a aspectos de diseño y constructivos como la 
relación “diámetro de armadura - espesor de recubrimiento” y la calidad del 
material cementiceo. Además de significar un deterioro estético, la apari-
ción de patologías, como fisuras y desprendimientos, favorece el desarrollo 
acelerado del deterioro por corrosión, siendo necesario realizar intervencio-
nes para garantizar la seguridad durante la vida de servicio remanente. En 
este trabajo se proponen estrategias para evaluar reparaciones en estructu-
ras dañadas por corrosión inducida por carbonatación y monitorear la vida 
residual de elementos estructurales mediante el uso de sensores adapta-
dos. Se presentan resultados de trabajos experimentales realizados para la 
adaptación de sensores para su utilización en elementos con geometría 
plana y en reparaciones hechas con materiales cementiceos especiales.

DESARROLLO DE UN MEDIDOR DE ESPESORES DE RECUBRIMIENTOS

Marcelo Gutiérrez, Javier Fava, Rodrigo Romero, Juan Vorobioff y Fede-
rico Checozzi
javier.fava@hotmail.com

Palabras clave

Recubrimientos, lift-off, Corrientes-inducidas

Texto

Es conocida la amplia utilización de medidores de recubrimientos, tanto en 
diferentes industrias como en laboratorios de investigación y desarrollo. 
Generalmente, estos equipos se fabrican para realizar mediciones sobre un 
número limitado de pares substrato-recubrimiento, reduciendo el rango de 
aplicaciones. Disponer de un equipo de desarrollo propio, ampliará los atri-
butos no contemplados en los equipos comerciales.
Se desarrolló un medidor de espesores que aplica el método de corrientes 
inducidas. En la etapa actual del desarrollo se midieron espesores de recu-
brimientos no conductores sobre sustratos no ferromagnéticos. Parte del 
circuito del medidor está compuesto de un oscilador Colpittts. La impedan-
cia del conjunto se modifica según el lift-off, y esto genera cambios en la 
frecuencia de resonancia. La curva de calibración del sistema se determina 
a través de la variación de la frecuencia de resonancia en función del lift-off. 
El sistema se probó con espesores entre 25 y 905 micrones sobre aluminio 
6061 y sobre Zry-4; obteniéndose resultados muy satisfactorios. 
Se presentarán los desarrollos logrados y los resultados obtenidos. También 
se discutirá la posible aplicación sobre materiales ferromagnéticos y en 
situaciones donde se tenga que extender la longitud de los cables.

ESTUDIO MAGNÉTICO DE LA TRANSFORMACIÓN INDUCIDA POR DE-
FORMACIÓN EN FRÍO EN ACEROS INOXIDABLES AUSTENÍTICOS

Miriam Rocío Neyra Astudillo (1), Cristina Spinosa (3),  Mónica Landau (3),  
Guido Ferrari (2), Martin Gómez (1) 
mneyrast@gmail.com

Palabras clave

Ruido Magnético Barkhausen, Emisión Magneto Acústica, austenita, mar-
tensita

Texto

La fase austenita-γ en los aceros inoxidables austeníticos es metaestable. 
Cuando es deformada en frío puede transformarse parcialmente a marten-
sita- �´ ferromagnética. la cantidad de α’ formada depende de la composi-
ción química del acero, de la temperatura del proceso y de la deformación 
aplicada. A partir de tratamientos térmicos por encima de la temperatura 
de inicio de la Austenita AS, la estructura austenítica puede ser recuperada. 
El Ruido Magnético Barkhausen (RMB) y la Emisión Magneto Acústica 
(EMA), son técnicas magnéticas muy sensibles a la microestructura, a las 
tensiones residuales y a la deformación de los materiales ferromagnéticos. 
Cuando se somete un material ferromagnético a un campo magnético 
oscilante producido por una corriente eléctrica cuya amplitud varía lenta-
mente de manera cíclica, se produce en el material excitado el movimiento 
de las Paredes de los Dominios Magnéticos que origina el RMB.  Se originan 
principalmente dos respuestas tipo ruido que se propagan de manera 
ondulatoria, una magnética (RMB) detectable con una bobina colectora 
sobre la superficie del material y otra elástica que puede detectarse colo-
cando un sensor de emisión acústica (EMA). En este trabajo se evalúa me-
diante RMB y EMA para evaluar el contenido de martensita �’ en diferentes 
muestras de aceros inoxidables austeníticos deformadas por laminación en 
frío y tratadas térmicamente para revertir a austenita. En las mismas no se 
ha completado la austenización y por ello presentan ambas fases y un com-
portamiento magnético, el cual decrece a medida que la fracción de la fase 
� aumenta para los Tratamientos Térmicos (TT) de mayor temperatura. Se 
hizo un análisis temporal y frecuencial de las señales y se calculó su valor 
RMS. Se observó que el RMB y EMA disminuyen con el menor contenido de 
martensita �’ para materiales sometidos a TT de mayor temperatura. La 
cantidad de martensita también se midió con un ferrideltímetro comercial 
que reveló una concordancia con los resultados obtenidos con los métodos 
magnéticos. El RMB y la EMA mostraron ser técnicas eficaces en la detec-
ción de la presencia de martensita.

EMISIÓN ACÚSTICA Y EVOLUCIÓN DE DAÑO EN VIGAS DE HORMIGÓN 
ARMADO SOMETIDAS A CARGA CÍCLICA

Hernán Xargay (1,2) Marianela Ripani (2,3)
hernanxargay@gmail.com

Palabras clave

Emisión Acústica, Hormigón Armado, Ensayo de carga, Daño

Texto

En este trabajo se presentan los resultados de ensayos a rotura de vigas de 
hormigón armado, monitoreadas continuamente con el método de Emi-
sión Acústica (EA). Se diseñaron dos disposiciones diferentes de armaduras 
de refuerzo, con o sin estribos, para obtener modos de falla por flexión o 
corte, respectivamente. Además, algunas de las vigas fueron reforzadas adi-
cionalmente con fibras de acero en la mezcla de hormigón. Se aplicó un 
procedimiento de carga caracterizado por varios ciclos de amplitud cre-
ciente hasta alcanzar la capacidad máxima de las vigas. Se presentan y 
comparan los comportamientos de falla de las vigas y la aptitud de cuatro 
índices basados en EA para evaluar su nivel de daño. La incorporación de 
fibras de acero mejoró la resistencia al corte al restringir el desarrollo de 
fisuras inclinadas en la viga sin estribos. Finalmente, se puede concluir que 
los índices EA mostraron en todos los casos una buena correlación con el 
inicio y el progreso de la fisuración.

INSPECCIÓN DE ÁLABES DE TURBINA IN-SITU

Jose Brizuela(1); Joaquín Fernández Bugna(2); Javier Podetti(3); Claudio 
Ziobrowski(4); Carlos Desimone(5)
josebrizuela@conicet.gov.ar

Palabras clave

Turbinas de vapor, END en mantenimiento, Elementos Finitos, Phased 
Array

Texto

Las centrales eléctricas utilizan turbinas de vapor para extraer el máximo 
potencial al calor del vapor producido en un reactor nuclear, caldera de 
carbón o calderas de recuperación de calor de turbina de gas, etc. En gene-
ral, las turbinas de vapor están construidas con filas de álabes aerodinámi-
cos (etapas) montados radialmente que van presentando gradualmente 
mayor longitud radial desde la primera fila (a la entrada del vapor) hasta la 
última fila de la salida, correspondiente a la etapa de baja presión (LSB). Las 
condiciones de operación de las turbinas siempre son complejas y varia-
bles, por lo tanto, los álabes del rotor LSB requieren de un exhaustivo con-
trol de su integridad para garantizar la seguridad operacional del sistema. 
Este trabajo presenta brevemente una serie de estudios elaborados para 
lograr una estrategia eficiente de inspección a manera de poder evaluar los 
álabes de la última etapa de baja presión (L0) durante las paradas de man-
tenimiento programado. Con este objetivo se realizaron cálculos mediante 
el método de elementos finitos (FEM) sobre las zonas críticas de los alabes 
L0, a fin de determinar los sitios de iniciación de fisuras, como así también, 
el tamaño de fisura crítica. Luego, en función del crecimiento de ésta, se 
estableció el intervalo de inspección, en condiciones estables de operación. 
A partir de estos resultados se determinaron los métodos de Ensayos No 
Destructivos (END) más eficientes para ser aplicados in-situ. En particular, 
se describe el proceso de inspección diseñado para evaluar la integridad de 
las raíces de los álabes, que se realizó mediante la tecnología de phased 
array (PAUT) y partículas magnetizables (PM).

REPARACIÓN DE UNA COLUMNA DE PRESIÓN ANTE LA EJECUCIÓN DE 
UNA ABERTURA EN EL CUERPO CILÍNDRICO, DEBIDO AL RECAMBIO DE 
INTERNOS

Héctor Sanzi
tecsaing@tecsaing.com.ar

Palabras clave

REPARACIÓN RECIPIENTE, SIMULACION COMPUTACIONAL, END

Texto

Ante el recambio de internos de gran tamaño en una columna de proceso 
instalada en una planta industrial, es de práctica habitual la ejecución de 
una abertura sobre el cuerpo de presión, con el objeto de realizar los traba-
jos necesarios para llevar a cabo los cortes y posterior reparación.
Es importante bajo esta situación, además de analizar el procedimiento de 
corte y reparación y contar con la logística necesaria, llevar a cabo un minu-
cioso estudio de integridad para asegurar y evitar posibles deformaciones 
durante dicho procedimiento o posteriores, una vez que el componente ya 
se encuentra en operación.
Si bien durante el trabajo de corte, el recipiente se encuentra sin presión 
interior, los estados de carga de peso propio, viento y/o sismo, como así 
también el aporte de calor consecuencia del procedimiento de soldadura 
seleccionado, pueden afectar la integridad estructural del mismo, alcan-
zando deformaciones inadmisibles que imposibiliten su reparación poste-
rior, involucrando un costo adicional, al menos, no contemplado en la etapa 
inicial. Ante esta situación, es importante analizar a través de un estudio de 
integridad estructural, la necesidad de colocar rigidizadores adicionales 
para evitar deformaciones durante el proceso de corte.
Este tipo de requerimiento se realiza cuando el componente ya cuenta con 
una cierta cantidad de años en servicio, en donde la degradación por corro-
sión u otros mecanismos de falla y el estado general del material, particular-
mente si opera a baja o alta temperatura, entre otros, pueden afectar o limi-
tar dicho estudio de integridad.
Para llevar a cabo un estudio completo de integridad, es fundamental 
contar con toda la documentación técnica que asegurar un resultado satis-
factorio. Así las Prácticas Recomendadas API 579 presentan, en función de 
la documentación existente, una clasificación en cuanto al tipo de análisis a 
utilizar, identificando diferentes Niveles de Evaluación para encarar el estu-
dio de integridad.  En este trabajo, a partir de un modelo de elementos fini-
tos tridimensional, se presenta un procedimiento de reparación y evalua-
ción de una columna de presión que se encuentra en servicio y donde se 
debe realizar un recambio de internos, haciendo necesario la ejecución de 
una abertura de 2 mts x 3 mts, sobre el cuerpo cilíndrico. Se mencionan las 
tareas adicionales necesarias de END que deberán ser realizadas para ase
gurar un trabajo seguro y que complementan al estudio de integridad.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.

CONTROL DE CALIDAD MEDIANTE END DE LA COLOCACIÓN DE FRP 
EN ESTRUCTURAS DE HORMIGÓN ARMADo

Marcelo Guzmán- Gustavo Palazzo - Victor Roldan 
mguzman@solidus-ing.com

Palabras clave

Refuerzo-Rehabilitación, FRP, Colocación, Control de calidad, END

Texto

Las estructuras existentes pueden requerir una rehabilitación o refuerzo 
estructural debido a un cambio de destino o adecuación a un nuevo regla-
mento, o también cuando se encuentran en ellas deficiencias o patologías. 
Entre las diversas estrategias de refuerzo y rehabilitación se tiene los polí-
meros reforzados con fibra (FRP por su denominación en inglés). En gene-
ral, el FRP se presenta en forma de pletinas o tejidos que se adhieren a 
estructuras de acero, madera u hormigón armado (H°A°), a efectos de 
aumentar la resistencia de diseño de elementos estructurales, o para lograr 
un aumento en el confinamiento y la ductilidad en sectores de estructuras 
de H°A°. Se observa entonces que la adherencia entre el FRP y la superficie 
donde se coloca es de fundamental importancia. Para asegurar esa adhe-
rencia los reglamentos establecen procedimientos antes, durante y con 
posterioridad a la colocación de este refuerzo. Estos procedimientos tienen 
que ver con técnicas de ensayos no destructivas (END), así como también, 
con otras técnicas mínimamente invasivas a las que también se las podría 
considerar como END. Este trabajo tiene por objeto analizar esos requeri-
mientos para estructuras de H°A°, y mostrar la implementación de las técni-
cas antes comentadas que se han llevado a cabo en obras de Argentina. En 
la primera parte del trabajo se establecen los requerimientos que normas 
americanas y europeas establecen para la aplicación de FRP. Luego se des-
criben las características de obras en Argentina donde se ha implementado 
esta estrategia de refuerzo/rehabilitación. En la tercera parte se detalla el 
proceso de evaluación de adherencia implementado en ellas, así como el 
estudio de los resultados obtenidos. En las conclusiones se resaltan los 
aspectos fundamentales que deben considerarse en el proceso de asegura-
miento de la calidad de colocación del FRP, así como los criterios de acepta-
ción en cada etapa de ese proceso.

TERMOGRAFÍA COMO HERRAMIENTA DE DIAGNÓSTICO EN OBRAS CIVI-
LES Y BIENES CULTURALES.

Arq. Ivanna Todaro; Arq.Germán Alonso; Arq. Miguel Mancini 
itodaro@inti.gob.ar

Palabras clave

Termografía Aplicada a la Construcción

Texto

Las herramientas utilizadas para la evaluación del estado de los bienes 
inmuebles nos brindan información valiosa para prevenir y/o reconocer pro-
blemáticas, o bien para identificar características constructivas de los 
mismos. Consideramos que es importante alcanzar un pre-diagnóstico 
utilizando los recursos y equipamientos pertinentes a los escenarios que se 
nos presentan. La utilización de la termografía como herramienta que nos 
permite alcanzar nuestros objetivos en cuanto al estudio de estos bienes de 
una forma no invasiva. Entre las distintas aplicaciones dentro de las obras 
civiles la termografía nos puede dar la posibilidad de reconocer sistemas 
constructivos, modificaciones o adhesiones en los mismos, evaluar filtra-
ciones en instalaciones sanitarias y/o infiltraciones de agua en la envolvente 
del edificio, posibles puentes térmicos o pérdidas de calor en cerramientos, 
como también prevenir deficiencias en el sistema eléctrico. 
La posibilidad de utilizar esta técnica de estudio la posiciona como herra-
mienta valiosa en toda obra civil y especialmente en bienes con valor patri-
monial. Sabemos de la importancia y de la responsabilidad que implica 
intervenir en estos edificios históricos, por lo tanto, la metodología menos 
invasiva es fundamental para conservar la integridad y la identidad de 
nuestras huellas históricas y culturales.

DESARROLLO DE UN EQUIPO MODULAR DE BAJO COSTO PARA LA CA-
RACTERIZACIÓN DE MATERIALES Y PROCESOS UTILIZANDO LA TÉCNI-
CA INTERFEROMÉTRICA OCT (TOMOGRAFÍA DE COHERENCIA ÓPTICA) 

Tabla Pablo (1), Eneas Morel (2), Jorge Torga (3)
ptabla@frd.utn.edu.ar

Palabras clave

Óptica, OCT, tomografía, topografía, perfilometría

Texto

El objetivo central del trabajo es el presentar un equipo modular industrial 
de bajo costo utilizando la técnica interferometría de baja coherencia OCT 
(tomografía de coherencia óptica) para la caracterización de materiales y 
procesos. La técnica es no destructiva y sin contacto, permite determinar 
topografías y tomografías con un rango de 2 mm de espesor o profundidad 
y áreas en el orden del cm2 con una resolución espacial inferior al micrón. El 
equipo tiene un diseño modular con un enfoque en aplicaciones para con-
trol de calidad y monitoreo de procesos de producción en tiempo real e “in 
situ”. La medición se efectúa iluminando uno o varios puntos de la muestra 
y analizando las reflexiones con un código de procesamiento de señal. La 
técnica permite caracterizar procesos de cristalización, polimerización, 
secado de pinturas, lograr tomografías en muestras multicapa semitrans-
parentes y topografías en muestras opacas como metal. Se presentan 
resultados de diferentes caracterizaciones: espesores de recubrimientos 
(laca sobre tejido de fibra de carbono), rugosidad superficial (piezas metáli-
cas con diferentes mecanizados) entre las aplicaciones más destacadas.

UTILIZACIÓN DE LA EMISIÓN ACÚSTICA PARA EVALUACIÓN DEL 
DAÑOEN MATERIALES COMPUESTOS LAMINARES HÍBRIDOS

Guido Ferrari 1, Martín Gómez 1,2
guicferrari@gmail.com

Palabras clave

Emisión Acústica, material compuesto hibrido, ensayos no destructivos, 
flexión

Texto

La Emisión Acústica (EA) es una técnica de END ampliamente utilizada 
para el estudio de materiales compuestos dado que permite obtener infor-
mación de las fuentes que generan esta la emisión que suelen estar relacio-
nadas con defectos y fallas del material. Habitualmente se puede asociar el 
nivel de EA con la intensidad de la solicitación mecánica del material anali-
zando las cargas críticas sobre este antes de llegar a la rotura del compo-
nente y además, contando con un número suficiente de sensores, se 
pueden posicionar las fuentes que emiten dicha información ultrasónica 
para su posterior individualización y análisis. 
En el presente trabajo se ensayaron probetas de material compuesto lami-
nar híbrido (fibra de carbono – fibra de vidrio – resina polimérica) las cuales 
fueron construidas de manera tal de tener discontinuidades en el multila-
minado simulando defectos de fabricación tendientes a disminuir la resis-
tencia estructural del material. En la experimentación se estudiaron probe-
tas que fueron solicitadas mecánicamente a la flexión en ensayos de tres 
puntos. Durante los ensayos se midió la EA con 4 sensores piezoeléctricos 
para detectar y posicionar las fuentes de EA dentro del material. Adicional-
mente se digitalizó la carga de flexión de manera simultánea con la EA. Se 
estudiaron los parámetros de EA Amplitud, número de cuentas y energía 
MARSE principalmente. Se midió la velocidad de propagación de las ondas 
elásticas para el material y analizando los tiempos de vuelo hasta los 4 sen-
sores para cada evento se pudo establecer la posición de los defectos y la 
carga mecánica a la cual emiten EA. Luego de un filtrado en amplitud y del 
post procesamiento de la información a partir de las cuentas y la energía 
acumulada, los resultados permitieron asociar el nivel de carga mecánica, 
con las zonas de alta emisión y los defectos macroscópicos producidos 
durante la fabricación de las piezas.

OBSERVATORIO DE END EN ARGENTINA, UNA HERRAMIENTA PARA 
IMPULSAR EL SECTOR

Virginia Kuklis, Sabrina Accorinti, Ignacio Fraile, Pablo González Táboas, 
Juan Manuel Labanca y Jorge Schneebeli
prgonzalez@inti.gob.ar

Palabras clave

Extensometría; Central Nuclear, Elementos Finitos, Ensayos de Componen-
te Nucleares, Tensiones, Deformaciones

Texto

La disciplina de Ensayos No Destructivos en Argentina mantiene su creci-
miento a través de los años como así también su dinámica particular, que 
impacta transversalmente en varios rubros de la actividad industrial del 
país.
Hoy en día se trata de un ámbito que involucra una gran diversidad de acto-
res, tanto nacionales como internacionales que se relacionan entre sí de 
distintas maneras. Entre ellos podemos identificar, a modo de ejemplo, 
organismos de regulación, asociaciones civiles, empresas que prestan ser-
vicios, empresas que los demandan e instituciones académicas. 
En este escenario tan complejo, el desafío que se plantea es potenciar, arti-
cular y complementar las capacidades del sector de los END de manera de 
generar más fuentes de trabajo y mejorar la eficiencia de la industria nacio-
nal, y plantear su rol estratégico en aspectos de seguridad pública.
En este sentido, a partir de la vinculación estratégica entre Organismos 
públicos y privados, como ser el INTI y CEENDRA, surgió el interés en la 
creación de un Observatorio del sector de los END en Argentina, que fun-
cione de referencia para el sector. 
En este trabajo se presentará el camino recorrido por las instituciones, un 
mapa del sector de los END, los objetivos y antecedentes del Observatorio y 
sus potencialidades. Se expondrá también la experiencia de INTI-Mecánica 
en el trabajo con otros sectores industriales, su relevamiento de empresas 
de END y el trabajo que viene realizando la Cámara empresaria en este sen-
tido.

APLICACIÓN DE EXTENSOMETRÍA EN ENSAYOS DE PANDEO SOBRE 
COMPONENTES NUCLEARES

Mariano Arévalo; Alberto Martín Ghiselli;Giselle Villabrille;Gabriel
Cataldo  
marevalo@cnea.gov.ar

Palabras clave

Extensometría; Central Nuclear, Elementos Finitos, Ensayos de Componen-
te Nucleares, Tensiones, Deformaciones

Texto

Se presentan los resultados de una serie de ensayos de pandeo realizados 
sobre uno de los componentes internos de un reactor PHWR. Los mismos 
se llevaron a cabo para caracterizar una condición del sistema en la cual se 
producen dilataciones diferenciales de la vasija del reactor. Esta carga 
térmica, en conjunto con una condición de vínculo especial, provoca una 
solicitación mecánica del componente durante la parada del reactor no 
prevista en el diseño. Por lo tanto, a fin de determinar el estado de tensio-
nes en esta situación, se construyó un dispositivo (mock-up) que permita 
reproducir las condiciones de pandeo sobre el componente de manera de 
relevar las fuerzas y el desplazamiento resultante. Adicionalmente a las me-
diciones de cargas y flechas de pandeo, se colocaron un conjunto de exten-
sómetros en las zonas más comprometidas a fin de obtener el estado de 
deformaciones y tensiones resultante. Con los datos provenientes de los 
ensayos realizados se confeccionó un modelo de elementos finitos no lineal 
del sistema y se validaron los resultados del mismo. Esto permitió hallar el 
estado de concentración de tensiones en otras zonas del conjunto a fin de 
obtener el margen de seguridad del componente ensayado y verificar que 
no se supera el límite elástico del material del mismo.
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ENSAYOS DE CALIFICACIÓN SÍSMICA PARA EQUIPOS Y COMPONENTES 
DE CENTRALES NUCLEARES

Sergio D. Lingeri, Martín Ghiselli Alberto - Mariano Arévalo - 
Itai Rozenbaum
lingeri@cnea.gov.ar

Palabras clave

Frecuencias naturales; Central Nuclear, calificación de componentes, 
ensayos sísmicos, vibraciones.

Texto

El empleo de equipos y componentes en centrales nucleares de genera-
ción eléctrica requiere de un previo programa de calificación de esos equi-
pos y componentes a fin de asegurar que los mismos prestarán el servicio 
adecuado en las distintas condiciones ambientales a las que podrán verse 
sometidos. Una parte de ese programa de calificación está orientada a ase-
gurar la correcta operación de los componentes durante y después de 
haber soportado los efectos de un sismo.
Estos programas de calificación de componentes se aplican tanto a los 
correspondientes para nuevas centrales nucleares como a los destinados a 
los programas de mantenimiento o extensión de vida de las centrales 
nucleares existentes. 
Se presenta el marco regulatorio internacional vigente para estos ensayos 
de calificación sísmica, los distintos métodos de calificación que pueden 
emplearse y la experiencia obtenida en CNEA en la calificación sísmica por 
ensayo, de equipos y componentes para las plantas nucleares de genera-
ción eléctrica ubicadas en la República Argentina.

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

ANÁLISIS DE MEDICIONES DE RESISTIVIDAD EN HORMIGONES REFOR-
ZADOS CON FIBRAS

E. D Gomez (1,2); R. Zerbino (3,4,5) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de rmaduras - Resistividad del hormigón - Hormigones reforza-
dos con fibras

Texto

La resistividad del hormigón es un parámetro que indica variaciones en el 
contenido de humedad de un material cementiceo. En términos de corro-
sión de armaduras su registro puede utilizarse como un indicador de sus-
ceptibilidad de deterioro. Diferentes dispositivos y equipos comerciales 
utilizan técnicas de corriente alterna para establecer la resistividad del hor-
migón. En elementos estructurales dañados por corrosión, que presentan 
vulnerabilidad en el diseño de su sección, se pueden realizar refuerzos o 
remplazos de recubrimientos utilizando HRF como estrategia de reparacio-
nes o extensiones de vida. En presencia de fibras metálicas, el registro de la 
resistividad del hormigón con técnicas de corriente alterna es subvalorado, 
por la conductividad de las fibras, siendo necesario establecer factores de 
corrección para valores obtenidos con equipos comerciales diseñados para 
ser utilizados en hormigones convencionales. Con el fin de establecer crite-
rios de medición precisos, se planteó un programa experimental con ele-
mentos de HRF y se realizaron mediciones utilizando un equipo comercial 
y sensores desarrollados para monitorear la corrosión.  Los resultados mos-
traron que las mediciones realizadas con el equipo comercial requieren un 
factor de corrección. A su vez, se realizaron barridos de frecuencias utilizan-
do el sensor y se estableció que utilizando frecuencias de 1Hz se obtienen 
registros más precisos de resistividad en hormigones reforzados con fibras 
metálicas. No se observó influencia significativa del contenido de fibras en 
los resultados.

ESTRUCTURAS DE HORMIGÓN ARMADO DAÑADAS DEBIDO A CORRO-
SIÓN POR CARBONATACIÓN. ESTRATEGIAS PARA LA EVALUACIÓN Y EL 
MONITOREO DE LAS REPARACIONES MEDIANTE LA UTILIZACIÓN DE 
SENSORES.

E. D. Gomez (1,2), J. I. Carricondo (1,2), S. B. Farina (1,3) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de armaduras - Modelos de vida - Sensores de corrosión

Texto

Cuando el hormigón que protege a las armaduras de elementos estructu-
rales se carbonata se inicia un proceso de corrosión generalizada que tiene 
como consecuencia la reducción de la sección y la acumulación de produc-
tos de corrosión. Sin embargo, en ambientes poco húmedos el proceso de 
deterioro se desarrolla lentamente, pudiendo pasar décadas antes de pro-
ducirse perdidas de sección significativas o evidenciar algún daño en el 
recubrimiento por la acumulación de productos de corrosión. En general, 
en elementos estructurales donde la corrosión por carbonatación se desa-
rrolla, el fin de la vida útil está asociado a la aparición de fisuras o desprendi-
mientos en el recubrimiento. La vulnerabilidad de un elemento a manifes-
tar patologías está asociada a aspectos de diseño y constructivos como la 
relación “diámetro de armadura - espesor de recubrimiento” y la calidad del 
material cementiceo. Además de significar un deterioro estético, la apari-
ción de patologías, como fisuras y desprendimientos, favorece el desarrollo 
acelerado del deterioro por corrosión, siendo necesario realizar intervencio-
nes para garantizar la seguridad durante la vida de servicio remanente. En 
este trabajo se proponen estrategias para evaluar reparaciones en estructu-
ras dañadas por corrosión inducida por carbonatación y monitorear la vida 
residual de elementos estructurales mediante el uso de sensores adapta-
dos. Se presentan resultados de trabajos experimentales realizados para la 
adaptación de sensores para su utilización en elementos con geometría 
plana y en reparaciones hechas con materiales cementiceos especiales.

DESARROLLO DE UN MEDIDOR DE ESPESORES DE RECUBRIMIENTOS

Marcelo Gutiérrez, Javier Fava, Rodrigo Romero, Juan Vorobioff y Fede-
rico Checozzi
javier.fava@hotmail.com
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Texto

Es conocida la amplia utilización de medidores de recubrimientos, tanto en 
diferentes industrias como en laboratorios de investigación y desarrollo. 
Generalmente, estos equipos se fabrican para realizar mediciones sobre un 
número limitado de pares substrato-recubrimiento, reduciendo el rango de 
aplicaciones. Disponer de un equipo de desarrollo propio, ampliará los atri-
butos no contemplados en los equipos comerciales.
Se desarrolló un medidor de espesores que aplica el método de corrientes 
inducidas. En la etapa actual del desarrollo se midieron espesores de recu-
brimientos no conductores sobre sustratos no ferromagnéticos. Parte del 
circuito del medidor está compuesto de un oscilador Colpittts. La impedan-
cia del conjunto se modifica según el lift-off, y esto genera cambios en la 
frecuencia de resonancia. La curva de calibración del sistema se determina 
a través de la variación de la frecuencia de resonancia en función del lift-off. 
El sistema se probó con espesores entre 25 y 905 micrones sobre aluminio 
6061 y sobre Zry-4; obteniéndose resultados muy satisfactorios. 
Se presentarán los desarrollos logrados y los resultados obtenidos. También 
se discutirá la posible aplicación sobre materiales ferromagnéticos y en 
situaciones donde se tenga que extender la longitud de los cables.

ESTUDIO MAGNÉTICO DE LA TRANSFORMACIÓN INDUCIDA POR DE-
FORMACIÓN EN FRÍO EN ACEROS INOXIDABLES AUSTENÍTICOS

Miriam Rocío Neyra Astudillo (1), Cristina Spinosa (3),  Mónica Landau (3),  
Guido Ferrari (2), Martin Gómez (1) 
mneyrast@gmail.com
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Texto

La fase austenita-γ en los aceros inoxidables austeníticos es metaestable. 
Cuando es deformada en frío puede transformarse parcialmente a marten-
sita- �´ ferromagnética. la cantidad de α’ formada depende de la composi-
ción química del acero, de la temperatura del proceso y de la deformación 
aplicada. A partir de tratamientos térmicos por encima de la temperatura 
de inicio de la Austenita AS, la estructura austenítica puede ser recuperada. 
El Ruido Magnético Barkhausen (RMB) y la Emisión Magneto Acústica 
(EMA), son técnicas magnéticas muy sensibles a la microestructura, a las 
tensiones residuales y a la deformación de los materiales ferromagnéticos. 
Cuando se somete un material ferromagnético a un campo magnético 
oscilante producido por una corriente eléctrica cuya amplitud varía lenta-
mente de manera cíclica, se produce en el material excitado el movimiento 
de las Paredes de los Dominios Magnéticos que origina el RMB.  Se originan 
principalmente dos respuestas tipo ruido que se propagan de manera 
ondulatoria, una magnética (RMB) detectable con una bobina colectora 
sobre la superficie del material y otra elástica que puede detectarse colo-
cando un sensor de emisión acústica (EMA). En este trabajo se evalúa me-
diante RMB y EMA para evaluar el contenido de martensita �’ en diferentes 
muestras de aceros inoxidables austeníticos deformadas por laminación en 
frío y tratadas térmicamente para revertir a austenita. En las mismas no se 
ha completado la austenización y por ello presentan ambas fases y un com-
portamiento magnético, el cual decrece a medida que la fracción de la fase 
� aumenta para los Tratamientos Térmicos (TT) de mayor temperatura. Se 
hizo un análisis temporal y frecuencial de las señales y se calculó su valor 
RMS. Se observó que el RMB y EMA disminuyen con el menor contenido de 
martensita �’ para materiales sometidos a TT de mayor temperatura. La 
cantidad de martensita también se midió con un ferrideltímetro comercial 
que reveló una concordancia con los resultados obtenidos con los métodos 
magnéticos. El RMB y la EMA mostraron ser técnicas eficaces en la detec-
ción de la presencia de martensita.

EMISIÓN ACÚSTICA Y EVOLUCIÓN DE DAÑO EN VIGAS DE HORMIGÓN 
ARMADO SOMETIDAS A CARGA CÍCLICA

Hernán Xargay (1,2) Marianela Ripani (2,3)
hernanxargay@gmail.com
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Texto

En este trabajo se presentan los resultados de ensayos a rotura de vigas de 
hormigón armado, monitoreadas continuamente con el método de Emi-
sión Acústica (EA). Se diseñaron dos disposiciones diferentes de armaduras 
de refuerzo, con o sin estribos, para obtener modos de falla por flexión o 
corte, respectivamente. Además, algunas de las vigas fueron reforzadas adi-
cionalmente con fibras de acero en la mezcla de hormigón. Se aplicó un 
procedimiento de carga caracterizado por varios ciclos de amplitud cre-
ciente hasta alcanzar la capacidad máxima de las vigas. Se presentan y 
comparan los comportamientos de falla de las vigas y la aptitud de cuatro 
índices basados en EA para evaluar su nivel de daño. La incorporación de 
fibras de acero mejoró la resistencia al corte al restringir el desarrollo de 
fisuras inclinadas en la viga sin estribos. Finalmente, se puede concluir que 
los índices EA mostraron en todos los casos una buena correlación con el 
inicio y el progreso de la fisuración.

INSPECCIÓN DE ÁLABES DE TURBINA IN-SITU

Jose Brizuela(1); Joaquín Fernández Bugna(2); Javier Podetti(3); Claudio 
Ziobrowski(4); Carlos Desimone(5)
josebrizuela@conicet.gov.ar
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Texto

Las centrales eléctricas utilizan turbinas de vapor para extraer el máximo 
potencial al calor del vapor producido en un reactor nuclear, caldera de 
carbón o calderas de recuperación de calor de turbina de gas, etc. En gene-
ral, las turbinas de vapor están construidas con filas de álabes aerodinámi-
cos (etapas) montados radialmente que van presentando gradualmente 
mayor longitud radial desde la primera fila (a la entrada del vapor) hasta la 
última fila de la salida, correspondiente a la etapa de baja presión (LSB). Las 
condiciones de operación de las turbinas siempre son complejas y varia-
bles, por lo tanto, los álabes del rotor LSB requieren de un exhaustivo con-
trol de su integridad para garantizar la seguridad operacional del sistema. 
Este trabajo presenta brevemente una serie de estudios elaborados para 
lograr una estrategia eficiente de inspección a manera de poder evaluar los 
álabes de la última etapa de baja presión (L0) durante las paradas de man-
tenimiento programado. Con este objetivo se realizaron cálculos mediante 
el método de elementos finitos (FEM) sobre las zonas críticas de los alabes 
L0, a fin de determinar los sitios de iniciación de fisuras, como así también, 
el tamaño de fisura crítica. Luego, en función del crecimiento de ésta, se 
estableció el intervalo de inspección, en condiciones estables de operación. 
A partir de estos resultados se determinaron los métodos de Ensayos No 
Destructivos (END) más eficientes para ser aplicados in-situ. En particular, 
se describe el proceso de inspección diseñado para evaluar la integridad de 
las raíces de los álabes, que se realizó mediante la tecnología de phased 
array (PAUT) y partículas magnetizables (PM).

REPARACIÓN DE UNA COLUMNA DE PRESIÓN ANTE LA EJECUCIÓN DE 
UNA ABERTURA EN EL CUERPO CILÍNDRICO, DEBIDO AL RECAMBIO DE 
INTERNOS

Héctor Sanzi
tecsaing@tecsaing.com.ar
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Texto

Ante el recambio de internos de gran tamaño en una columna de proceso 
instalada en una planta industrial, es de práctica habitual la ejecución de 
una abertura sobre el cuerpo de presión, con el objeto de realizar los traba-
jos necesarios para llevar a cabo los cortes y posterior reparación.
Es importante bajo esta situación, además de analizar el procedimiento de 
corte y reparación y contar con la logística necesaria, llevar a cabo un minu-
cioso estudio de integridad para asegurar y evitar posibles deformaciones 
durante dicho procedimiento o posteriores, una vez que el componente ya 
se encuentra en operación.
Si bien durante el trabajo de corte, el recipiente se encuentra sin presión 
interior, los estados de carga de peso propio, viento y/o sismo, como así 
también el aporte de calor consecuencia del procedimiento de soldadura 
seleccionado, pueden afectar la integridad estructural del mismo, alcan-
zando deformaciones inadmisibles que imposibiliten su reparación poste-
rior, involucrando un costo adicional, al menos, no contemplado en la etapa 
inicial. Ante esta situación, es importante analizar a través de un estudio de 
integridad estructural, la necesidad de colocar rigidizadores adicionales 
para evitar deformaciones durante el proceso de corte.
Este tipo de requerimiento se realiza cuando el componente ya cuenta con 
una cierta cantidad de años en servicio, en donde la degradación por corro-
sión u otros mecanismos de falla y el estado general del material, particular-
mente si opera a baja o alta temperatura, entre otros, pueden afectar o limi-
tar dicho estudio de integridad.
Para llevar a cabo un estudio completo de integridad, es fundamental 
contar con toda la documentación técnica que asegurar un resultado satis-
factorio. Así las Prácticas Recomendadas API 579 presentan, en función de 
la documentación existente, una clasificación en cuanto al tipo de análisis a 
utilizar, identificando diferentes Niveles de Evaluación para encarar el estu-
dio de integridad.  En este trabajo, a partir de un modelo de elementos fini-
tos tridimensional, se presenta un procedimiento de reparación y evalua-
ción de una columna de presión que se encuentra en servicio y donde se 
debe realizar un recambio de internos, haciendo necesario la ejecución de 
una abertura de 2 mts x 3 mts, sobre el cuerpo cilíndrico. Se mencionan las 
tareas adicionales necesarias de END que deberán ser realizadas para ase
gurar un trabajo seguro y que complementan al estudio de integridad.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.

CONTROL DE CALIDAD MEDIANTE END DE LA COLOCACIÓN DE FRP 
EN ESTRUCTURAS DE HORMIGÓN ARMADo

Marcelo Guzmán- Gustavo Palazzo - Victor Roldan 
mguzman@solidus-ing.com
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Texto

Las estructuras existentes pueden requerir una rehabilitación o refuerzo 
estructural debido a un cambio de destino o adecuación a un nuevo regla-
mento, o también cuando se encuentran en ellas deficiencias o patologías. 
Entre las diversas estrategias de refuerzo y rehabilitación se tiene los polí-
meros reforzados con fibra (FRP por su denominación en inglés). En gene-
ral, el FRP se presenta en forma de pletinas o tejidos que se adhieren a 
estructuras de acero, madera u hormigón armado (H°A°), a efectos de 
aumentar la resistencia de diseño de elementos estructurales, o para lograr 
un aumento en el confinamiento y la ductilidad en sectores de estructuras 
de H°A°. Se observa entonces que la adherencia entre el FRP y la superficie 
donde se coloca es de fundamental importancia. Para asegurar esa adhe-
rencia los reglamentos establecen procedimientos antes, durante y con 
posterioridad a la colocación de este refuerzo. Estos procedimientos tienen 
que ver con técnicas de ensayos no destructivas (END), así como también, 
con otras técnicas mínimamente invasivas a las que también se las podría 
considerar como END. Este trabajo tiene por objeto analizar esos requeri-
mientos para estructuras de H°A°, y mostrar la implementación de las técni-
cas antes comentadas que se han llevado a cabo en obras de Argentina. En 
la primera parte del trabajo se establecen los requerimientos que normas 
americanas y europeas establecen para la aplicación de FRP. Luego se des-
criben las características de obras en Argentina donde se ha implementado 
esta estrategia de refuerzo/rehabilitación. En la tercera parte se detalla el 
proceso de evaluación de adherencia implementado en ellas, así como el 
estudio de los resultados obtenidos. En las conclusiones se resaltan los 
aspectos fundamentales que deben considerarse en el proceso de asegura-
miento de la calidad de colocación del FRP, así como los criterios de acepta-
ción en cada etapa de ese proceso.

TERMOGRAFÍA COMO HERRAMIENTA DE DIAGNÓSTICO EN OBRAS CIVI-
LES Y BIENES CULTURALES.

Arq. Ivanna Todaro; Arq.Germán Alonso; Arq. Miguel Mancini 
itodaro@inti.gob.ar
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Termografía Aplicada a la Construcción

Texto

Las herramientas utilizadas para la evaluación del estado de los bienes 
inmuebles nos brindan información valiosa para prevenir y/o reconocer pro-
blemáticas, o bien para identificar características constructivas de los 
mismos. Consideramos que es importante alcanzar un pre-diagnóstico 
utilizando los recursos y equipamientos pertinentes a los escenarios que se 
nos presentan. La utilización de la termografía como herramienta que nos 
permite alcanzar nuestros objetivos en cuanto al estudio de estos bienes de 
una forma no invasiva. Entre las distintas aplicaciones dentro de las obras 
civiles la termografía nos puede dar la posibilidad de reconocer sistemas 
constructivos, modificaciones o adhesiones en los mismos, evaluar filtra-
ciones en instalaciones sanitarias y/o infiltraciones de agua en la envolvente 
del edificio, posibles puentes térmicos o pérdidas de calor en cerramientos, 
como también prevenir deficiencias en el sistema eléctrico. 
La posibilidad de utilizar esta técnica de estudio la posiciona como herra-
mienta valiosa en toda obra civil y especialmente en bienes con valor patri-
monial. Sabemos de la importancia y de la responsabilidad que implica 
intervenir en estos edificios históricos, por lo tanto, la metodología menos 
invasiva es fundamental para conservar la integridad y la identidad de 
nuestras huellas históricas y culturales.

DESARROLLO DE UN EQUIPO MODULAR DE BAJO COSTO PARA LA CA-
RACTERIZACIÓN DE MATERIALES Y PROCESOS UTILIZANDO LA TÉCNI-
CA INTERFEROMÉTRICA OCT (TOMOGRAFÍA DE COHERENCIA ÓPTICA) 

Tabla Pablo (1), Eneas Morel (2), Jorge Torga (3)
ptabla@frd.utn.edu.ar
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Texto

El objetivo central del trabajo es el presentar un equipo modular industrial 
de bajo costo utilizando la técnica interferometría de baja coherencia OCT 
(tomografía de coherencia óptica) para la caracterización de materiales y 
procesos. La técnica es no destructiva y sin contacto, permite determinar 
topografías y tomografías con un rango de 2 mm de espesor o profundidad 
y áreas en el orden del cm2 con una resolución espacial inferior al micrón. El 
equipo tiene un diseño modular con un enfoque en aplicaciones para con-
trol de calidad y monitoreo de procesos de producción en tiempo real e “in 
situ”. La medición se efectúa iluminando uno o varios puntos de la muestra 
y analizando las reflexiones con un código de procesamiento de señal. La 
técnica permite caracterizar procesos de cristalización, polimerización, 
secado de pinturas, lograr tomografías en muestras multicapa semitrans-
parentes y topografías en muestras opacas como metal. Se presentan 
resultados de diferentes caracterizaciones: espesores de recubrimientos 
(laca sobre tejido de fibra de carbono), rugosidad superficial (piezas metáli-
cas con diferentes mecanizados) entre las aplicaciones más destacadas.

UTILIZACIÓN DE LA EMISIÓN ACÚSTICA PARA EVALUACIÓN DEL 
DAÑOEN MATERIALES COMPUESTOS LAMINARES HÍBRIDOS

Guido Ferrari 1, Martín Gómez 1,2
guicferrari@gmail.com
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flexión

Texto

La Emisión Acústica (EA) es una técnica de END ampliamente utilizada 
para el estudio de materiales compuestos dado que permite obtener infor-
mación de las fuentes que generan esta la emisión que suelen estar relacio-
nadas con defectos y fallas del material. Habitualmente se puede asociar el 
nivel de EA con la intensidad de la solicitación mecánica del material anali-
zando las cargas críticas sobre este antes de llegar a la rotura del compo-
nente y además, contando con un número suficiente de sensores, se 
pueden posicionar las fuentes que emiten dicha información ultrasónica 
para su posterior individualización y análisis. 
En el presente trabajo se ensayaron probetas de material compuesto lami-
nar híbrido (fibra de carbono – fibra de vidrio – resina polimérica) las cuales 
fueron construidas de manera tal de tener discontinuidades en el multila-
minado simulando defectos de fabricación tendientes a disminuir la resis-
tencia estructural del material. En la experimentación se estudiaron probe-
tas que fueron solicitadas mecánicamente a la flexión en ensayos de tres 
puntos. Durante los ensayos se midió la EA con 4 sensores piezoeléctricos 
para detectar y posicionar las fuentes de EA dentro del material. Adicional-
mente se digitalizó la carga de flexión de manera simultánea con la EA. Se 
estudiaron los parámetros de EA Amplitud, número de cuentas y energía 
MARSE principalmente. Se midió la velocidad de propagación de las ondas 
elásticas para el material y analizando los tiempos de vuelo hasta los 4 sen-
sores para cada evento se pudo establecer la posición de los defectos y la 
carga mecánica a la cual emiten EA. Luego de un filtrado en amplitud y del 
post procesamiento de la información a partir de las cuentas y la energía 
acumulada, los resultados permitieron asociar el nivel de carga mecánica, 
con las zonas de alta emisión y los defectos macroscópicos producidos 
durante la fabricación de las piezas.

OBSERVATORIO DE END EN ARGENTINA, UNA HERRAMIENTA PARA 
IMPULSAR EL SECTOR

Virginia Kuklis, Sabrina Accorinti, Ignacio Fraile, Pablo González Táboas, 
Juan Manuel Labanca y Jorge Schneebeli
prgonzalez@inti.gob.ar
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Texto

La disciplina de Ensayos No Destructivos en Argentina mantiene su creci-
miento a través de los años como así también su dinámica particular, que 
impacta transversalmente en varios rubros de la actividad industrial del 
país.
Hoy en día se trata de un ámbito que involucra una gran diversidad de acto-
res, tanto nacionales como internacionales que se relacionan entre sí de 
distintas maneras. Entre ellos podemos identificar, a modo de ejemplo, 
organismos de regulación, asociaciones civiles, empresas que prestan ser-
vicios, empresas que los demandan e instituciones académicas. 
En este escenario tan complejo, el desafío que se plantea es potenciar, arti-
cular y complementar las capacidades del sector de los END de manera de 
generar más fuentes de trabajo y mejorar la eficiencia de la industria nacio-
nal, y plantear su rol estratégico en aspectos de seguridad pública.
En este sentido, a partir de la vinculación estratégica entre Organismos 
públicos y privados, como ser el INTI y CEENDRA, surgió el interés en la 
creación de un Observatorio del sector de los END en Argentina, que fun-
cione de referencia para el sector. 
En este trabajo se presentará el camino recorrido por las instituciones, un 
mapa del sector de los END, los objetivos y antecedentes del Observatorio y 
sus potencialidades. Se expondrá también la experiencia de INTI-Mecánica 
en el trabajo con otros sectores industriales, su relevamiento de empresas 
de END y el trabajo que viene realizando la Cámara empresaria en este sen-
tido.

APLICACIÓN DE EXTENSOMETRÍA EN ENSAYOS DE PANDEO SOBRE 
COMPONENTES NUCLEARES

Mariano Arévalo; Alberto Martín Ghiselli;Giselle Villabrille;Gabriel
Cataldo  
marevalo@cnea.gov.ar
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Texto

Se presentan los resultados de una serie de ensayos de pandeo realizados 
sobre uno de los componentes internos de un reactor PHWR. Los mismos 
se llevaron a cabo para caracterizar una condición del sistema en la cual se 
producen dilataciones diferenciales de la vasija del reactor. Esta carga 
térmica, en conjunto con una condición de vínculo especial, provoca una 
solicitación mecánica del componente durante la parada del reactor no 
prevista en el diseño. Por lo tanto, a fin de determinar el estado de tensio-
nes en esta situación, se construyó un dispositivo (mock-up) que permita 
reproducir las condiciones de pandeo sobre el componente de manera de 
relevar las fuerzas y el desplazamiento resultante. Adicionalmente a las me-
diciones de cargas y flechas de pandeo, se colocaron un conjunto de exten-
sómetros en las zonas más comprometidas a fin de obtener el estado de 
deformaciones y tensiones resultante. Con los datos provenientes de los 
ensayos realizados se confeccionó un modelo de elementos finitos no lineal 
del sistema y se validaron los resultados del mismo. Esto permitió hallar el 
estado de concentración de tensiones en otras zonas del conjunto a fin de 
obtener el margen de seguridad del componente ensayado y verificar que 
no se supera el límite elástico del material del mismo.
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ENSAYOS DE CALIFICACIÓN SÍSMICA PARA EQUIPOS Y COMPONENTES 
DE CENTRALES NUCLEARES
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Texto

El empleo de equipos y componentes en centrales nucleares de genera-
ción eléctrica requiere de un previo programa de calificación de esos equi-
pos y componentes a fin de asegurar que los mismos prestarán el servicio 
adecuado en las distintas condiciones ambientales a las que podrán verse 
sometidos. Una parte de ese programa de calificación está orientada a ase-
gurar la correcta operación de los componentes durante y después de 
haber soportado los efectos de un sismo.
Estos programas de calificación de componentes se aplican tanto a los 
correspondientes para nuevas centrales nucleares como a los destinados a 
los programas de mantenimiento o extensión de vida de las centrales 
nucleares existentes. 
Se presenta el marco regulatorio internacional vigente para estos ensayos 
de calificación sísmica, los distintos métodos de calificación que pueden 
emplearse y la experiencia obtenida en CNEA en la calificación sísmica por 
ensayo, de equipos y componentes para las plantas nucleares de genera-
ción eléctrica ubicadas en la República Argentina.

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.
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STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

ANÁLISIS DE MEDICIONES DE RESISTIVIDAD EN HORMIGONES REFOR-
ZADOS CON FIBRAS

E. D Gomez (1,2); R. Zerbino (3,4,5) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de rmaduras - Resistividad del hormigón - Hormigones reforza-
dos con fibras

Texto

La resistividad del hormigón es un parámetro que indica variaciones en el 
contenido de humedad de un material cementiceo. En términos de corro-
sión de armaduras su registro puede utilizarse como un indicador de sus-
ceptibilidad de deterioro. Diferentes dispositivos y equipos comerciales 
utilizan técnicas de corriente alterna para establecer la resistividad del hor-
migón. En elementos estructurales dañados por corrosión, que presentan 
vulnerabilidad en el diseño de su sección, se pueden realizar refuerzos o 
remplazos de recubrimientos utilizando HRF como estrategia de reparacio-
nes o extensiones de vida. En presencia de fibras metálicas, el registro de la 
resistividad del hormigón con técnicas de corriente alterna es subvalorado, 
por la conductividad de las fibras, siendo necesario establecer factores de 
corrección para valores obtenidos con equipos comerciales diseñados para 
ser utilizados en hormigones convencionales. Con el fin de establecer crite-
rios de medición precisos, se planteó un programa experimental con ele-
mentos de HRF y se realizaron mediciones utilizando un equipo comercial 
y sensores desarrollados para monitorear la corrosión.  Los resultados mos-
traron que las mediciones realizadas con el equipo comercial requieren un 
factor de corrección. A su vez, se realizaron barridos de frecuencias utilizan-
do el sensor y se estableció que utilizando frecuencias de 1Hz se obtienen 
registros más precisos de resistividad en hormigones reforzados con fibras 
metálicas. No se observó influencia significativa del contenido de fibras en 
los resultados.

ESTRUCTURAS DE HORMIGÓN ARMADO DAÑADAS DEBIDO A CORRO-
SIÓN POR CARBONATACIÓN. ESTRATEGIAS PARA LA EVALUACIÓN Y EL 
MONITOREO DE LAS REPARACIONES MEDIANTE LA UTILIZACIÓN DE 
SENSORES.

E. D. Gomez (1,2), J. I. Carricondo (1,2), S. B. Farina (1,3) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com
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Corrosión de armaduras - Modelos de vida - Sensores de corrosión

Texto

Cuando el hormigón que protege a las armaduras de elementos estructu-
rales se carbonata se inicia un proceso de corrosión generalizada que tiene 
como consecuencia la reducción de la sección y la acumulación de produc-
tos de corrosión. Sin embargo, en ambientes poco húmedos el proceso de 
deterioro se desarrolla lentamente, pudiendo pasar décadas antes de pro-
ducirse perdidas de sección significativas o evidenciar algún daño en el 
recubrimiento por la acumulación de productos de corrosión. En general, 
en elementos estructurales donde la corrosión por carbonatación se desa-
rrolla, el fin de la vida útil está asociado a la aparición de fisuras o desprendi-
mientos en el recubrimiento. La vulnerabilidad de un elemento a manifes-
tar patologías está asociada a aspectos de diseño y constructivos como la 
relación “diámetro de armadura - espesor de recubrimiento” y la calidad del 
material cementiceo. Además de significar un deterioro estético, la apari-
ción de patologías, como fisuras y desprendimientos, favorece el desarrollo 
acelerado del deterioro por corrosión, siendo necesario realizar intervencio-
nes para garantizar la seguridad durante la vida de servicio remanente. En 
este trabajo se proponen estrategias para evaluar reparaciones en estructu-
ras dañadas por corrosión inducida por carbonatación y monitorear la vida 
residual de elementos estructurales mediante el uso de sensores adapta-
dos. Se presentan resultados de trabajos experimentales realizados para la 
adaptación de sensores para su utilización en elementos con geometría 
plana y en reparaciones hechas con materiales cementiceos especiales.

DESARROLLO DE UN MEDIDOR DE ESPESORES DE RECUBRIMIENTOS

Marcelo Gutiérrez, Javier Fava, Rodrigo Romero, Juan Vorobioff y Fede-
rico Checozzi
javier.fava@hotmail.com
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Recubrimientos, lift-off, Corrientes-inducidas

Texto

Es conocida la amplia utilización de medidores de recubrimientos, tanto en 
diferentes industrias como en laboratorios de investigación y desarrollo. 
Generalmente, estos equipos se fabrican para realizar mediciones sobre un 
número limitado de pares substrato-recubrimiento, reduciendo el rango de 
aplicaciones. Disponer de un equipo de desarrollo propio, ampliará los atri-
butos no contemplados en los equipos comerciales.
Se desarrolló un medidor de espesores que aplica el método de corrientes 
inducidas. En la etapa actual del desarrollo se midieron espesores de recu-
brimientos no conductores sobre sustratos no ferromagnéticos. Parte del 
circuito del medidor está compuesto de un oscilador Colpittts. La impedan-
cia del conjunto se modifica según el lift-off, y esto genera cambios en la 
frecuencia de resonancia. La curva de calibración del sistema se determina 
a través de la variación de la frecuencia de resonancia en función del lift-off. 
El sistema se probó con espesores entre 25 y 905 micrones sobre aluminio 
6061 y sobre Zry-4; obteniéndose resultados muy satisfactorios. 
Se presentarán los desarrollos logrados y los resultados obtenidos. También 
se discutirá la posible aplicación sobre materiales ferromagnéticos y en 
situaciones donde se tenga que extender la longitud de los cables.

ESTUDIO MAGNÉTICO DE LA TRANSFORMACIÓN INDUCIDA POR DE-
FORMACIÓN EN FRÍO EN ACEROS INOXIDABLES AUSTENÍTICOS

Miriam Rocío Neyra Astudillo (1), Cristina Spinosa (3),  Mónica Landau (3),  
Guido Ferrari (2), Martin Gómez (1) 
mneyrast@gmail.com
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Ruido Magnético Barkhausen, Emisión Magneto Acústica, austenita, mar-
tensita

Texto

La fase austenita-γ en los aceros inoxidables austeníticos es metaestable. 
Cuando es deformada en frío puede transformarse parcialmente a marten-
sita- �´ ferromagnética. la cantidad de α’ formada depende de la composi-
ción química del acero, de la temperatura del proceso y de la deformación 
aplicada. A partir de tratamientos térmicos por encima de la temperatura 
de inicio de la Austenita AS, la estructura austenítica puede ser recuperada. 
El Ruido Magnético Barkhausen (RMB) y la Emisión Magneto Acústica 
(EMA), son técnicas magnéticas muy sensibles a la microestructura, a las 
tensiones residuales y a la deformación de los materiales ferromagnéticos. 
Cuando se somete un material ferromagnético a un campo magnético 
oscilante producido por una corriente eléctrica cuya amplitud varía lenta-
mente de manera cíclica, se produce en el material excitado el movimiento 
de las Paredes de los Dominios Magnéticos que origina el RMB.  Se originan 
principalmente dos respuestas tipo ruido que se propagan de manera 
ondulatoria, una magnética (RMB) detectable con una bobina colectora 
sobre la superficie del material y otra elástica que puede detectarse colo-
cando un sensor de emisión acústica (EMA). En este trabajo se evalúa me-
diante RMB y EMA para evaluar el contenido de martensita �’ en diferentes 
muestras de aceros inoxidables austeníticos deformadas por laminación en 
frío y tratadas térmicamente para revertir a austenita. En las mismas no se 
ha completado la austenización y por ello presentan ambas fases y un com-
portamiento magnético, el cual decrece a medida que la fracción de la fase 
� aumenta para los Tratamientos Térmicos (TT) de mayor temperatura. Se 
hizo un análisis temporal y frecuencial de las señales y se calculó su valor 
RMS. Se observó que el RMB y EMA disminuyen con el menor contenido de 
martensita �’ para materiales sometidos a TT de mayor temperatura. La 
cantidad de martensita también se midió con un ferrideltímetro comercial 
que reveló una concordancia con los resultados obtenidos con los métodos 
magnéticos. El RMB y la EMA mostraron ser técnicas eficaces en la detec-
ción de la presencia de martensita.

EMISIÓN ACÚSTICA Y EVOLUCIÓN DE DAÑO EN VIGAS DE HORMIGÓN 
ARMADO SOMETIDAS A CARGA CÍCLICA

Hernán Xargay (1,2) Marianela Ripani (2,3)
hernanxargay@gmail.com
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Texto

En este trabajo se presentan los resultados de ensayos a rotura de vigas de 
hormigón armado, monitoreadas continuamente con el método de Emi-
sión Acústica (EA). Se diseñaron dos disposiciones diferentes de armaduras 
de refuerzo, con o sin estribos, para obtener modos de falla por flexión o 
corte, respectivamente. Además, algunas de las vigas fueron reforzadas adi-
cionalmente con fibras de acero en la mezcla de hormigón. Se aplicó un 
procedimiento de carga caracterizado por varios ciclos de amplitud cre-
ciente hasta alcanzar la capacidad máxima de las vigas. Se presentan y 
comparan los comportamientos de falla de las vigas y la aptitud de cuatro 
índices basados en EA para evaluar su nivel de daño. La incorporación de 
fibras de acero mejoró la resistencia al corte al restringir el desarrollo de 
fisuras inclinadas en la viga sin estribos. Finalmente, se puede concluir que 
los índices EA mostraron en todos los casos una buena correlación con el 
inicio y el progreso de la fisuración.

INSPECCIÓN DE ÁLABES DE TURBINA IN-SITU

Jose Brizuela(1); Joaquín Fernández Bugna(2); Javier Podetti(3); Claudio 
Ziobrowski(4); Carlos Desimone(5)
josebrizuela@conicet.gov.ar
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Turbinas de vapor, END en mantenimiento, Elementos Finitos, Phased 
Array

Texto

Las centrales eléctricas utilizan turbinas de vapor para extraer el máximo 
potencial al calor del vapor producido en un reactor nuclear, caldera de 
carbón o calderas de recuperación de calor de turbina de gas, etc. En gene-
ral, las turbinas de vapor están construidas con filas de álabes aerodinámi-
cos (etapas) montados radialmente que van presentando gradualmente 
mayor longitud radial desde la primera fila (a la entrada del vapor) hasta la 
última fila de la salida, correspondiente a la etapa de baja presión (LSB). Las 
condiciones de operación de las turbinas siempre son complejas y varia-
bles, por lo tanto, los álabes del rotor LSB requieren de un exhaustivo con-
trol de su integridad para garantizar la seguridad operacional del sistema. 
Este trabajo presenta brevemente una serie de estudios elaborados para 
lograr una estrategia eficiente de inspección a manera de poder evaluar los 
álabes de la última etapa de baja presión (L0) durante las paradas de man-
tenimiento programado. Con este objetivo se realizaron cálculos mediante 
el método de elementos finitos (FEM) sobre las zonas críticas de los alabes 
L0, a fin de determinar los sitios de iniciación de fisuras, como así también, 
el tamaño de fisura crítica. Luego, en función del crecimiento de ésta, se 
estableció el intervalo de inspección, en condiciones estables de operación. 
A partir de estos resultados se determinaron los métodos de Ensayos No 
Destructivos (END) más eficientes para ser aplicados in-situ. En particular, 
se describe el proceso de inspección diseñado para evaluar la integridad de 
las raíces de los álabes, que se realizó mediante la tecnología de phased 
array (PAUT) y partículas magnetizables (PM).

REPARACIÓN DE UNA COLUMNA DE PRESIÓN ANTE LA EJECUCIÓN DE 
UNA ABERTURA EN EL CUERPO CILÍNDRICO, DEBIDO AL RECAMBIO DE 
INTERNOS

Héctor Sanzi
tecsaing@tecsaing.com.ar

Palabras clave

REPARACIÓN RECIPIENTE, SIMULACION COMPUTACIONAL, END

Texto

Ante el recambio de internos de gran tamaño en una columna de proceso 
instalada en una planta industrial, es de práctica habitual la ejecución de 
una abertura sobre el cuerpo de presión, con el objeto de realizar los traba-
jos necesarios para llevar a cabo los cortes y posterior reparación.
Es importante bajo esta situación, además de analizar el procedimiento de 
corte y reparación y contar con la logística necesaria, llevar a cabo un minu-
cioso estudio de integridad para asegurar y evitar posibles deformaciones 
durante dicho procedimiento o posteriores, una vez que el componente ya 
se encuentra en operación.
Si bien durante el trabajo de corte, el recipiente se encuentra sin presión 
interior, los estados de carga de peso propio, viento y/o sismo, como así 
también el aporte de calor consecuencia del procedimiento de soldadura 
seleccionado, pueden afectar la integridad estructural del mismo, alcan-
zando deformaciones inadmisibles que imposibiliten su reparación poste-
rior, involucrando un costo adicional, al menos, no contemplado en la etapa 
inicial. Ante esta situación, es importante analizar a través de un estudio de 
integridad estructural, la necesidad de colocar rigidizadores adicionales 
para evitar deformaciones durante el proceso de corte.
Este tipo de requerimiento se realiza cuando el componente ya cuenta con 
una cierta cantidad de años en servicio, en donde la degradación por corro-
sión u otros mecanismos de falla y el estado general del material, particular-
mente si opera a baja o alta temperatura, entre otros, pueden afectar o limi-
tar dicho estudio de integridad.
Para llevar a cabo un estudio completo de integridad, es fundamental 
contar con toda la documentación técnica que asegurar un resultado satis-
factorio. Así las Prácticas Recomendadas API 579 presentan, en función de 
la documentación existente, una clasificación en cuanto al tipo de análisis a 
utilizar, identificando diferentes Niveles de Evaluación para encarar el estu-
dio de integridad.  En este trabajo, a partir de un modelo de elementos fini-
tos tridimensional, se presenta un procedimiento de reparación y evalua-
ción de una columna de presión que se encuentra en servicio y donde se 
debe realizar un recambio de internos, haciendo necesario la ejecución de 
una abertura de 2 mts x 3 mts, sobre el cuerpo cilíndrico. Se mencionan las 
tareas adicionales necesarias de END que deberán ser realizadas para ase
gurar un trabajo seguro y que complementan al estudio de integridad.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.

CONTROL DE CALIDAD MEDIANTE END DE LA COLOCACIÓN DE FRP 
EN ESTRUCTURAS DE HORMIGÓN ARMADo

Marcelo Guzmán- Gustavo Palazzo - Victor Roldan 
mguzman@solidus-ing.com

Palabras clave

Refuerzo-Rehabilitación, FRP, Colocación, Control de calidad, END

Texto

Las estructuras existentes pueden requerir una rehabilitación o refuerzo 
estructural debido a un cambio de destino o adecuación a un nuevo regla-
mento, o también cuando se encuentran en ellas deficiencias o patologías. 
Entre las diversas estrategias de refuerzo y rehabilitación se tiene los polí-
meros reforzados con fibra (FRP por su denominación en inglés). En gene-
ral, el FRP se presenta en forma de pletinas o tejidos que se adhieren a 
estructuras de acero, madera u hormigón armado (H°A°), a efectos de 
aumentar la resistencia de diseño de elementos estructurales, o para lograr 
un aumento en el confinamiento y la ductilidad en sectores de estructuras 
de H°A°. Se observa entonces que la adherencia entre el FRP y la superficie 
donde se coloca es de fundamental importancia. Para asegurar esa adhe-
rencia los reglamentos establecen procedimientos antes, durante y con 
posterioridad a la colocación de este refuerzo. Estos procedimientos tienen 
que ver con técnicas de ensayos no destructivas (END), así como también, 
con otras técnicas mínimamente invasivas a las que también se las podría 
considerar como END. Este trabajo tiene por objeto analizar esos requeri-
mientos para estructuras de H°A°, y mostrar la implementación de las técni-
cas antes comentadas que se han llevado a cabo en obras de Argentina. En 
la primera parte del trabajo se establecen los requerimientos que normas 
americanas y europeas establecen para la aplicación de FRP. Luego se des-
criben las características de obras en Argentina donde se ha implementado 
esta estrategia de refuerzo/rehabilitación. En la tercera parte se detalla el 
proceso de evaluación de adherencia implementado en ellas, así como el 
estudio de los resultados obtenidos. En las conclusiones se resaltan los 
aspectos fundamentales que deben considerarse en el proceso de asegura-
miento de la calidad de colocación del FRP, así como los criterios de acepta-
ción en cada etapa de ese proceso.

TERMOGRAFÍA COMO HERRAMIENTA DE DIAGNÓSTICO EN OBRAS CIVI-
LES Y BIENES CULTURALES.

Arq. Ivanna Todaro; Arq.Germán Alonso; Arq. Miguel Mancini 
itodaro@inti.gob.ar

Palabras clave

Termografía Aplicada a la Construcción

Texto

Las herramientas utilizadas para la evaluación del estado de los bienes 
inmuebles nos brindan información valiosa para prevenir y/o reconocer pro-
blemáticas, o bien para identificar características constructivas de los 
mismos. Consideramos que es importante alcanzar un pre-diagnóstico 
utilizando los recursos y equipamientos pertinentes a los escenarios que se 
nos presentan. La utilización de la termografía como herramienta que nos 
permite alcanzar nuestros objetivos en cuanto al estudio de estos bienes de 
una forma no invasiva. Entre las distintas aplicaciones dentro de las obras 
civiles la termografía nos puede dar la posibilidad de reconocer sistemas 
constructivos, modificaciones o adhesiones en los mismos, evaluar filtra-
ciones en instalaciones sanitarias y/o infiltraciones de agua en la envolvente 
del edificio, posibles puentes térmicos o pérdidas de calor en cerramientos, 
como también prevenir deficiencias en el sistema eléctrico. 
La posibilidad de utilizar esta técnica de estudio la posiciona como herra-
mienta valiosa en toda obra civil y especialmente en bienes con valor patri-
monial. Sabemos de la importancia y de la responsabilidad que implica 
intervenir en estos edificios históricos, por lo tanto, la metodología menos 
invasiva es fundamental para conservar la integridad y la identidad de 
nuestras huellas históricas y culturales.

DESARROLLO DE UN EQUIPO MODULAR DE BAJO COSTO PARA LA CA-
RACTERIZACIÓN DE MATERIALES Y PROCESOS UTILIZANDO LA TÉCNI-
CA INTERFEROMÉTRICA OCT (TOMOGRAFÍA DE COHERENCIA ÓPTICA) 

Tabla Pablo (1), Eneas Morel (2), Jorge Torga (3)
ptabla@frd.utn.edu.ar

Palabras clave

Óptica, OCT, tomografía, topografía, perfilometría

Texto

El objetivo central del trabajo es el presentar un equipo modular industrial 
de bajo costo utilizando la técnica interferometría de baja coherencia OCT 
(tomografía de coherencia óptica) para la caracterización de materiales y 
procesos. La técnica es no destructiva y sin contacto, permite determinar 
topografías y tomografías con un rango de 2 mm de espesor o profundidad 
y áreas en el orden del cm2 con una resolución espacial inferior al micrón. El 
equipo tiene un diseño modular con un enfoque en aplicaciones para con-
trol de calidad y monitoreo de procesos de producción en tiempo real e “in 
situ”. La medición se efectúa iluminando uno o varios puntos de la muestra 
y analizando las reflexiones con un código de procesamiento de señal. La 
técnica permite caracterizar procesos de cristalización, polimerización, 
secado de pinturas, lograr tomografías en muestras multicapa semitrans-
parentes y topografías en muestras opacas como metal. Se presentan 
resultados de diferentes caracterizaciones: espesores de recubrimientos 
(laca sobre tejido de fibra de carbono), rugosidad superficial (piezas metáli-
cas con diferentes mecanizados) entre las aplicaciones más destacadas.

UTILIZACIÓN DE LA EMISIÓN ACÚSTICA PARA EVALUACIÓN DEL 
DAÑOEN MATERIALES COMPUESTOS LAMINARES HÍBRIDOS

Guido Ferrari 1, Martín Gómez 1,2
guicferrari@gmail.com

Palabras clave

Emisión Acústica, material compuesto hibrido, ensayos no destructivos, 
flexión

Texto

La Emisión Acústica (EA) es una técnica de END ampliamente utilizada 
para el estudio de materiales compuestos dado que permite obtener infor-
mación de las fuentes que generan esta la emisión que suelen estar relacio-
nadas con defectos y fallas del material. Habitualmente se puede asociar el 
nivel de EA con la intensidad de la solicitación mecánica del material anali-
zando las cargas críticas sobre este antes de llegar a la rotura del compo-
nente y además, contando con un número suficiente de sensores, se 
pueden posicionar las fuentes que emiten dicha información ultrasónica 
para su posterior individualización y análisis. 
En el presente trabajo se ensayaron probetas de material compuesto lami-
nar híbrido (fibra de carbono – fibra de vidrio – resina polimérica) las cuales 
fueron construidas de manera tal de tener discontinuidades en el multila-
minado simulando defectos de fabricación tendientes a disminuir la resis-
tencia estructural del material. En la experimentación se estudiaron probe-
tas que fueron solicitadas mecánicamente a la flexión en ensayos de tres 
puntos. Durante los ensayos se midió la EA con 4 sensores piezoeléctricos 
para detectar y posicionar las fuentes de EA dentro del material. Adicional-
mente se digitalizó la carga de flexión de manera simultánea con la EA. Se 
estudiaron los parámetros de EA Amplitud, número de cuentas y energía 
MARSE principalmente. Se midió la velocidad de propagación de las ondas 
elásticas para el material y analizando los tiempos de vuelo hasta los 4 sen-
sores para cada evento se pudo establecer la posición de los defectos y la 
carga mecánica a la cual emiten EA. Luego de un filtrado en amplitud y del 
post procesamiento de la información a partir de las cuentas y la energía 
acumulada, los resultados permitieron asociar el nivel de carga mecánica, 
con las zonas de alta emisión y los defectos macroscópicos producidos 
durante la fabricación de las piezas.

OBSERVATORIO DE END EN ARGENTINA, UNA HERRAMIENTA PARA 
IMPULSAR EL SECTOR

Virginia Kuklis, Sabrina Accorinti, Ignacio Fraile, Pablo González Táboas, 
Juan Manuel Labanca y Jorge Schneebeli
prgonzalez@inti.gob.ar

Palabras clave

Extensometría; Central Nuclear, Elementos Finitos, Ensayos de Componen-
te Nucleares, Tensiones, Deformaciones

Texto

La disciplina de Ensayos No Destructivos en Argentina mantiene su creci-
miento a través de los años como así también su dinámica particular, que 
impacta transversalmente en varios rubros de la actividad industrial del 
país.
Hoy en día se trata de un ámbito que involucra una gran diversidad de acto-
res, tanto nacionales como internacionales que se relacionan entre sí de 
distintas maneras. Entre ellos podemos identificar, a modo de ejemplo, 
organismos de regulación, asociaciones civiles, empresas que prestan ser-
vicios, empresas que los demandan e instituciones académicas. 
En este escenario tan complejo, el desafío que se plantea es potenciar, arti-
cular y complementar las capacidades del sector de los END de manera de 
generar más fuentes de trabajo y mejorar la eficiencia de la industria nacio-
nal, y plantear su rol estratégico en aspectos de seguridad pública.
En este sentido, a partir de la vinculación estratégica entre Organismos 
públicos y privados, como ser el INTI y CEENDRA, surgió el interés en la 
creación de un Observatorio del sector de los END en Argentina, que fun-
cione de referencia para el sector. 
En este trabajo se presentará el camino recorrido por las instituciones, un 
mapa del sector de los END, los objetivos y antecedentes del Observatorio y 
sus potencialidades. Se expondrá también la experiencia de INTI-Mecánica 
en el trabajo con otros sectores industriales, su relevamiento de empresas 
de END y el trabajo que viene realizando la Cámara empresaria en este sen-
tido.

APLICACIÓN DE EXTENSOMETRÍA EN ENSAYOS DE PANDEO SOBRE 
COMPONENTES NUCLEARES

Mariano Arévalo; Alberto Martín Ghiselli;Giselle Villabrille;Gabriel
Cataldo  
marevalo@cnea.gov.ar

Palabras clave

Extensometría; Central Nuclear, Elementos Finitos, Ensayos de Componen-
te Nucleares, Tensiones, Deformaciones

Texto

Se presentan los resultados de una serie de ensayos de pandeo realizados 
sobre uno de los componentes internos de un reactor PHWR. Los mismos 
se llevaron a cabo para caracterizar una condición del sistema en la cual se 
producen dilataciones diferenciales de la vasija del reactor. Esta carga 
térmica, en conjunto con una condición de vínculo especial, provoca una 
solicitación mecánica del componente durante la parada del reactor no 
prevista en el diseño. Por lo tanto, a fin de determinar el estado de tensio-
nes en esta situación, se construyó un dispositivo (mock-up) que permita 
reproducir las condiciones de pandeo sobre el componente de manera de 
relevar las fuerzas y el desplazamiento resultante. Adicionalmente a las me-
diciones de cargas y flechas de pandeo, se colocaron un conjunto de exten-
sómetros en las zonas más comprometidas a fin de obtener el estado de 
deformaciones y tensiones resultante. Con los datos provenientes de los 
ensayos realizados se confeccionó un modelo de elementos finitos no lineal 
del sistema y se validaron los resultados del mismo. Esto permitió hallar el 
estado de concentración de tensiones en otras zonas del conjunto a fin de 
obtener el margen de seguridad del componente ensayado y verificar que 
no se supera el límite elástico del material del mismo.
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ENSAYOS DE CALIFICACIÓN SÍSMICA PARA EQUIPOS Y COMPONENTES 
DE CENTRALES NUCLEARES

Sergio D. Lingeri, Martín Ghiselli Alberto - Mariano Arévalo - 
Itai Rozenbaum
lingeri@cnea.gov.ar

Palabras clave

Frecuencias naturales; Central Nuclear, calificación de componentes, 
ensayos sísmicos, vibraciones.

Texto

El empleo de equipos y componentes en centrales nucleares de genera-
ción eléctrica requiere de un previo programa de calificación de esos equi-
pos y componentes a fin de asegurar que los mismos prestarán el servicio 
adecuado en las distintas condiciones ambientales a las que podrán verse 
sometidos. Una parte de ese programa de calificación está orientada a ase-
gurar la correcta operación de los componentes durante y después de 
haber soportado los efectos de un sismo.
Estos programas de calificación de componentes se aplican tanto a los 
correspondientes para nuevas centrales nucleares como a los destinados a 
los programas de mantenimiento o extensión de vida de las centrales 
nucleares existentes. 
Se presenta el marco regulatorio internacional vigente para estos ensayos 
de calificación sísmica, los distintos métodos de calificación que pueden 
emplearse y la experiencia obtenida en CNEA en la calificación sísmica por 
ensayo, de equipos y componentes para las plantas nucleares de genera-
ción eléctrica ubicadas en la República Argentina.

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

ANÁLISIS DE MEDICIONES DE RESISTIVIDAD EN HORMIGONES REFOR-
ZADOS CON FIBRAS

E. D Gomez (1,2); R. Zerbino (3,4,5) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de rmaduras - Resistividad del hormigón - Hormigones reforza-
dos con fibras

Texto

La resistividad del hormigón es un parámetro que indica variaciones en el 
contenido de humedad de un material cementiceo. En términos de corro-
sión de armaduras su registro puede utilizarse como un indicador de sus-
ceptibilidad de deterioro. Diferentes dispositivos y equipos comerciales 
utilizan técnicas de corriente alterna para establecer la resistividad del hor-
migón. En elementos estructurales dañados por corrosión, que presentan 
vulnerabilidad en el diseño de su sección, se pueden realizar refuerzos o 
remplazos de recubrimientos utilizando HRF como estrategia de reparacio-
nes o extensiones de vida. En presencia de fibras metálicas, el registro de la 
resistividad del hormigón con técnicas de corriente alterna es subvalorado, 
por la conductividad de las fibras, siendo necesario establecer factores de 
corrección para valores obtenidos con equipos comerciales diseñados para 
ser utilizados en hormigones convencionales. Con el fin de establecer crite-
rios de medición precisos, se planteó un programa experimental con ele-
mentos de HRF y se realizaron mediciones utilizando un equipo comercial 
y sensores desarrollados para monitorear la corrosión.  Los resultados mos-
traron que las mediciones realizadas con el equipo comercial requieren un 
factor de corrección. A su vez, se realizaron barridos de frecuencias utilizan-
do el sensor y se estableció que utilizando frecuencias de 1Hz se obtienen 
registros más precisos de resistividad en hormigones reforzados con fibras 
metálicas. No se observó influencia significativa del contenido de fibras en 
los resultados.

ESTRUCTURAS DE HORMIGÓN ARMADO DAÑADAS DEBIDO A CORRO-
SIÓN POR CARBONATACIÓN. ESTRATEGIAS PARA LA EVALUACIÓN Y EL 
MONITOREO DE LAS REPARACIONES MEDIANTE LA UTILIZACIÓN DE 
SENSORES.

E. D. Gomez (1,2), J. I. Carricondo (1,2), S. B. Farina (1,3) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com
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Corrosión de armaduras - Modelos de vida - Sensores de corrosión

Texto

Cuando el hormigón que protege a las armaduras de elementos estructu-
rales se carbonata se inicia un proceso de corrosión generalizada que tiene 
como consecuencia la reducción de la sección y la acumulación de produc-
tos de corrosión. Sin embargo, en ambientes poco húmedos el proceso de 
deterioro se desarrolla lentamente, pudiendo pasar décadas antes de pro-
ducirse perdidas de sección significativas o evidenciar algún daño en el 
recubrimiento por la acumulación de productos de corrosión. En general, 
en elementos estructurales donde la corrosión por carbonatación se desa-
rrolla, el fin de la vida útil está asociado a la aparición de fisuras o desprendi-
mientos en el recubrimiento. La vulnerabilidad de un elemento a manifes-
tar patologías está asociada a aspectos de diseño y constructivos como la 
relación “diámetro de armadura - espesor de recubrimiento” y la calidad del 
material cementiceo. Además de significar un deterioro estético, la apari-
ción de patologías, como fisuras y desprendimientos, favorece el desarrollo 
acelerado del deterioro por corrosión, siendo necesario realizar intervencio-
nes para garantizar la seguridad durante la vida de servicio remanente. En 
este trabajo se proponen estrategias para evaluar reparaciones en estructu-
ras dañadas por corrosión inducida por carbonatación y monitorear la vida 
residual de elementos estructurales mediante el uso de sensores adapta-
dos. Se presentan resultados de trabajos experimentales realizados para la 
adaptación de sensores para su utilización en elementos con geometría 
plana y en reparaciones hechas con materiales cementiceos especiales.

DESARROLLO DE UN MEDIDOR DE ESPESORES DE RECUBRIMIENTOS

Marcelo Gutiérrez, Javier Fava, Rodrigo Romero, Juan Vorobioff y Fede-
rico Checozzi
javier.fava@hotmail.com
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Texto

Es conocida la amplia utilización de medidores de recubrimientos, tanto en 
diferentes industrias como en laboratorios de investigación y desarrollo. 
Generalmente, estos equipos se fabrican para realizar mediciones sobre un 
número limitado de pares substrato-recubrimiento, reduciendo el rango de 
aplicaciones. Disponer de un equipo de desarrollo propio, ampliará los atri-
butos no contemplados en los equipos comerciales.
Se desarrolló un medidor de espesores que aplica el método de corrientes 
inducidas. En la etapa actual del desarrollo se midieron espesores de recu-
brimientos no conductores sobre sustratos no ferromagnéticos. Parte del 
circuito del medidor está compuesto de un oscilador Colpittts. La impedan-
cia del conjunto se modifica según el lift-off, y esto genera cambios en la 
frecuencia de resonancia. La curva de calibración del sistema se determina 
a través de la variación de la frecuencia de resonancia en función del lift-off. 
El sistema se probó con espesores entre 25 y 905 micrones sobre aluminio 
6061 y sobre Zry-4; obteniéndose resultados muy satisfactorios. 
Se presentarán los desarrollos logrados y los resultados obtenidos. También 
se discutirá la posible aplicación sobre materiales ferromagnéticos y en 
situaciones donde se tenga que extender la longitud de los cables.

ESTUDIO MAGNÉTICO DE LA TRANSFORMACIÓN INDUCIDA POR DE-
FORMACIÓN EN FRÍO EN ACEROS INOXIDABLES AUSTENÍTICOS

Miriam Rocío Neyra Astudillo (1), Cristina Spinosa (3),  Mónica Landau (3),  
Guido Ferrari (2), Martin Gómez (1) 
mneyrast@gmail.com
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tensita

Texto

La fase austenita-γ en los aceros inoxidables austeníticos es metaestable. 
Cuando es deformada en frío puede transformarse parcialmente a marten-
sita- �´ ferromagnética. la cantidad de α’ formada depende de la composi-
ción química del acero, de la temperatura del proceso y de la deformación 
aplicada. A partir de tratamientos térmicos por encima de la temperatura 
de inicio de la Austenita AS, la estructura austenítica puede ser recuperada. 
El Ruido Magnético Barkhausen (RMB) y la Emisión Magneto Acústica 
(EMA), son técnicas magnéticas muy sensibles a la microestructura, a las 
tensiones residuales y a la deformación de los materiales ferromagnéticos. 
Cuando se somete un material ferromagnético a un campo magnético 
oscilante producido por una corriente eléctrica cuya amplitud varía lenta-
mente de manera cíclica, se produce en el material excitado el movimiento 
de las Paredes de los Dominios Magnéticos que origina el RMB.  Se originan 
principalmente dos respuestas tipo ruido que se propagan de manera 
ondulatoria, una magnética (RMB) detectable con una bobina colectora 
sobre la superficie del material y otra elástica que puede detectarse colo-
cando un sensor de emisión acústica (EMA). En este trabajo se evalúa me-
diante RMB y EMA para evaluar el contenido de martensita �’ en diferentes 
muestras de aceros inoxidables austeníticos deformadas por laminación en 
frío y tratadas térmicamente para revertir a austenita. En las mismas no se 
ha completado la austenización y por ello presentan ambas fases y un com-
portamiento magnético, el cual decrece a medida que la fracción de la fase 
� aumenta para los Tratamientos Térmicos (TT) de mayor temperatura. Se 
hizo un análisis temporal y frecuencial de las señales y se calculó su valor 
RMS. Se observó que el RMB y EMA disminuyen con el menor contenido de 
martensita �’ para materiales sometidos a TT de mayor temperatura. La 
cantidad de martensita también se midió con un ferrideltímetro comercial 
que reveló una concordancia con los resultados obtenidos con los métodos 
magnéticos. El RMB y la EMA mostraron ser técnicas eficaces en la detec-
ción de la presencia de martensita.

EMISIÓN ACÚSTICA Y EVOLUCIÓN DE DAÑO EN VIGAS DE HORMIGÓN 
ARMADO SOMETIDAS A CARGA CÍCLICA

Hernán Xargay (1,2) Marianela Ripani (2,3)
hernanxargay@gmail.com
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Texto

En este trabajo se presentan los resultados de ensayos a rotura de vigas de 
hormigón armado, monitoreadas continuamente con el método de Emi-
sión Acústica (EA). Se diseñaron dos disposiciones diferentes de armaduras 
de refuerzo, con o sin estribos, para obtener modos de falla por flexión o 
corte, respectivamente. Además, algunas de las vigas fueron reforzadas adi-
cionalmente con fibras de acero en la mezcla de hormigón. Se aplicó un 
procedimiento de carga caracterizado por varios ciclos de amplitud cre-
ciente hasta alcanzar la capacidad máxima de las vigas. Se presentan y 
comparan los comportamientos de falla de las vigas y la aptitud de cuatro 
índices basados en EA para evaluar su nivel de daño. La incorporación de 
fibras de acero mejoró la resistencia al corte al restringir el desarrollo de 
fisuras inclinadas en la viga sin estribos. Finalmente, se puede concluir que 
los índices EA mostraron en todos los casos una buena correlación con el 
inicio y el progreso de la fisuración.

INSPECCIÓN DE ÁLABES DE TURBINA IN-SITU

Jose Brizuela(1); Joaquín Fernández Bugna(2); Javier Podetti(3); Claudio 
Ziobrowski(4); Carlos Desimone(5)
josebrizuela@conicet.gov.ar
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Turbinas de vapor, END en mantenimiento, Elementos Finitos, Phased 
Array

Texto

Las centrales eléctricas utilizan turbinas de vapor para extraer el máximo 
potencial al calor del vapor producido en un reactor nuclear, caldera de 
carbón o calderas de recuperación de calor de turbina de gas, etc. En gene-
ral, las turbinas de vapor están construidas con filas de álabes aerodinámi-
cos (etapas) montados radialmente que van presentando gradualmente 
mayor longitud radial desde la primera fila (a la entrada del vapor) hasta la 
última fila de la salida, correspondiente a la etapa de baja presión (LSB). Las 
condiciones de operación de las turbinas siempre son complejas y varia-
bles, por lo tanto, los álabes del rotor LSB requieren de un exhaustivo con-
trol de su integridad para garantizar la seguridad operacional del sistema. 
Este trabajo presenta brevemente una serie de estudios elaborados para 
lograr una estrategia eficiente de inspección a manera de poder evaluar los 
álabes de la última etapa de baja presión (L0) durante las paradas de man-
tenimiento programado. Con este objetivo se realizaron cálculos mediante 
el método de elementos finitos (FEM) sobre las zonas críticas de los alabes 
L0, a fin de determinar los sitios de iniciación de fisuras, como así también, 
el tamaño de fisura crítica. Luego, en función del crecimiento de ésta, se 
estableció el intervalo de inspección, en condiciones estables de operación. 
A partir de estos resultados se determinaron los métodos de Ensayos No 
Destructivos (END) más eficientes para ser aplicados in-situ. En particular, 
se describe el proceso de inspección diseñado para evaluar la integridad de 
las raíces de los álabes, que se realizó mediante la tecnología de phased 
array (PAUT) y partículas magnetizables (PM).

REPARACIÓN DE UNA COLUMNA DE PRESIÓN ANTE LA EJECUCIÓN DE 
UNA ABERTURA EN EL CUERPO CILÍNDRICO, DEBIDO AL RECAMBIO DE 
INTERNOS

Héctor Sanzi
tecsaing@tecsaing.com.ar
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Texto

Ante el recambio de internos de gran tamaño en una columna de proceso 
instalada en una planta industrial, es de práctica habitual la ejecución de 
una abertura sobre el cuerpo de presión, con el objeto de realizar los traba-
jos necesarios para llevar a cabo los cortes y posterior reparación.
Es importante bajo esta situación, además de analizar el procedimiento de 
corte y reparación y contar con la logística necesaria, llevar a cabo un minu-
cioso estudio de integridad para asegurar y evitar posibles deformaciones 
durante dicho procedimiento o posteriores, una vez que el componente ya 
se encuentra en operación.
Si bien durante el trabajo de corte, el recipiente se encuentra sin presión 
interior, los estados de carga de peso propio, viento y/o sismo, como así 
también el aporte de calor consecuencia del procedimiento de soldadura 
seleccionado, pueden afectar la integridad estructural del mismo, alcan-
zando deformaciones inadmisibles que imposibiliten su reparación poste-
rior, involucrando un costo adicional, al menos, no contemplado en la etapa 
inicial. Ante esta situación, es importante analizar a través de un estudio de 
integridad estructural, la necesidad de colocar rigidizadores adicionales 
para evitar deformaciones durante el proceso de corte.
Este tipo de requerimiento se realiza cuando el componente ya cuenta con 
una cierta cantidad de años en servicio, en donde la degradación por corro-
sión u otros mecanismos de falla y el estado general del material, particular-
mente si opera a baja o alta temperatura, entre otros, pueden afectar o limi-
tar dicho estudio de integridad.
Para llevar a cabo un estudio completo de integridad, es fundamental 
contar con toda la documentación técnica que asegurar un resultado satis-
factorio. Así las Prácticas Recomendadas API 579 presentan, en función de 
la documentación existente, una clasificación en cuanto al tipo de análisis a 
utilizar, identificando diferentes Niveles de Evaluación para encarar el estu-
dio de integridad.  En este trabajo, a partir de un modelo de elementos fini-
tos tridimensional, se presenta un procedimiento de reparación y evalua-
ción de una columna de presión que se encuentra en servicio y donde se 
debe realizar un recambio de internos, haciendo necesario la ejecución de 
una abertura de 2 mts x 3 mts, sobre el cuerpo cilíndrico. Se mencionan las 
tareas adicionales necesarias de END que deberán ser realizadas para ase
gurar un trabajo seguro y que complementan al estudio de integridad.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.

CONTROL DE CALIDAD MEDIANTE END DE LA COLOCACIÓN DE FRP 
EN ESTRUCTURAS DE HORMIGÓN ARMADo

Marcelo Guzmán- Gustavo Palazzo - Victor Roldan 
mguzman@solidus-ing.com
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Texto

Las estructuras existentes pueden requerir una rehabilitación o refuerzo 
estructural debido a un cambio de destino o adecuación a un nuevo regla-
mento, o también cuando se encuentran en ellas deficiencias o patologías. 
Entre las diversas estrategias de refuerzo y rehabilitación se tiene los polí-
meros reforzados con fibra (FRP por su denominación en inglés). En gene-
ral, el FRP se presenta en forma de pletinas o tejidos que se adhieren a 
estructuras de acero, madera u hormigón armado (H°A°), a efectos de 
aumentar la resistencia de diseño de elementos estructurales, o para lograr 
un aumento en el confinamiento y la ductilidad en sectores de estructuras 
de H°A°. Se observa entonces que la adherencia entre el FRP y la superficie 
donde se coloca es de fundamental importancia. Para asegurar esa adhe-
rencia los reglamentos establecen procedimientos antes, durante y con 
posterioridad a la colocación de este refuerzo. Estos procedimientos tienen 
que ver con técnicas de ensayos no destructivas (END), así como también, 
con otras técnicas mínimamente invasivas a las que también se las podría 
considerar como END. Este trabajo tiene por objeto analizar esos requeri-
mientos para estructuras de H°A°, y mostrar la implementación de las técni-
cas antes comentadas que se han llevado a cabo en obras de Argentina. En 
la primera parte del trabajo se establecen los requerimientos que normas 
americanas y europeas establecen para la aplicación de FRP. Luego se des-
criben las características de obras en Argentina donde se ha implementado 
esta estrategia de refuerzo/rehabilitación. En la tercera parte se detalla el 
proceso de evaluación de adherencia implementado en ellas, así como el 
estudio de los resultados obtenidos. En las conclusiones se resaltan los 
aspectos fundamentales que deben considerarse en el proceso de asegura-
miento de la calidad de colocación del FRP, así como los criterios de acepta-
ción en cada etapa de ese proceso.

TERMOGRAFÍA COMO HERRAMIENTA DE DIAGNÓSTICO EN OBRAS CIVI-
LES Y BIENES CULTURALES.

Arq. Ivanna Todaro; Arq.Germán Alonso; Arq. Miguel Mancini 
itodaro@inti.gob.ar

Palabras clave

Termografía Aplicada a la Construcción

Texto

Las herramientas utilizadas para la evaluación del estado de los bienes 
inmuebles nos brindan información valiosa para prevenir y/o reconocer pro-
blemáticas, o bien para identificar características constructivas de los 
mismos. Consideramos que es importante alcanzar un pre-diagnóstico 
utilizando los recursos y equipamientos pertinentes a los escenarios que se 
nos presentan. La utilización de la termografía como herramienta que nos 
permite alcanzar nuestros objetivos en cuanto al estudio de estos bienes de 
una forma no invasiva. Entre las distintas aplicaciones dentro de las obras 
civiles la termografía nos puede dar la posibilidad de reconocer sistemas 
constructivos, modificaciones o adhesiones en los mismos, evaluar filtra-
ciones en instalaciones sanitarias y/o infiltraciones de agua en la envolvente 
del edificio, posibles puentes térmicos o pérdidas de calor en cerramientos, 
como también prevenir deficiencias en el sistema eléctrico. 
La posibilidad de utilizar esta técnica de estudio la posiciona como herra-
mienta valiosa en toda obra civil y especialmente en bienes con valor patri-
monial. Sabemos de la importancia y de la responsabilidad que implica 
intervenir en estos edificios históricos, por lo tanto, la metodología menos 
invasiva es fundamental para conservar la integridad y la identidad de 
nuestras huellas históricas y culturales.

DESARROLLO DE UN EQUIPO MODULAR DE BAJO COSTO PARA LA CA-
RACTERIZACIÓN DE MATERIALES Y PROCESOS UTILIZANDO LA TÉCNI-
CA INTERFEROMÉTRICA OCT (TOMOGRAFÍA DE COHERENCIA ÓPTICA) 

Tabla Pablo (1), Eneas Morel (2), Jorge Torga (3)
ptabla@frd.utn.edu.ar
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Texto

El objetivo central del trabajo es el presentar un equipo modular industrial 
de bajo costo utilizando la técnica interferometría de baja coherencia OCT 
(tomografía de coherencia óptica) para la caracterización de materiales y 
procesos. La técnica es no destructiva y sin contacto, permite determinar 
topografías y tomografías con un rango de 2 mm de espesor o profundidad 
y áreas en el orden del cm2 con una resolución espacial inferior al micrón. El 
equipo tiene un diseño modular con un enfoque en aplicaciones para con-
trol de calidad y monitoreo de procesos de producción en tiempo real e “in 
situ”. La medición se efectúa iluminando uno o varios puntos de la muestra 
y analizando las reflexiones con un código de procesamiento de señal. La 
técnica permite caracterizar procesos de cristalización, polimerización, 
secado de pinturas, lograr tomografías en muestras multicapa semitrans-
parentes y topografías en muestras opacas como metal. Se presentan 
resultados de diferentes caracterizaciones: espesores de recubrimientos 
(laca sobre tejido de fibra de carbono), rugosidad superficial (piezas metáli-
cas con diferentes mecanizados) entre las aplicaciones más destacadas.

UTILIZACIÓN DE LA EMISIÓN ACÚSTICA PARA EVALUACIÓN DEL 
DAÑOEN MATERIALES COMPUESTOS LAMINARES HÍBRIDOS

Guido Ferrari 1, Martín Gómez 1,2
guicferrari@gmail.com
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flexión

Texto

La Emisión Acústica (EA) es una técnica de END ampliamente utilizada 
para el estudio de materiales compuestos dado que permite obtener infor-
mación de las fuentes que generan esta la emisión que suelen estar relacio-
nadas con defectos y fallas del material. Habitualmente se puede asociar el 
nivel de EA con la intensidad de la solicitación mecánica del material anali-
zando las cargas críticas sobre este antes de llegar a la rotura del compo-
nente y además, contando con un número suficiente de sensores, se 
pueden posicionar las fuentes que emiten dicha información ultrasónica 
para su posterior individualización y análisis. 
En el presente trabajo se ensayaron probetas de material compuesto lami-
nar híbrido (fibra de carbono – fibra de vidrio – resina polimérica) las cuales 
fueron construidas de manera tal de tener discontinuidades en el multila-
minado simulando defectos de fabricación tendientes a disminuir la resis-
tencia estructural del material. En la experimentación se estudiaron probe-
tas que fueron solicitadas mecánicamente a la flexión en ensayos de tres 
puntos. Durante los ensayos se midió la EA con 4 sensores piezoeléctricos 
para detectar y posicionar las fuentes de EA dentro del material. Adicional-
mente se digitalizó la carga de flexión de manera simultánea con la EA. Se 
estudiaron los parámetros de EA Amplitud, número de cuentas y energía 
MARSE principalmente. Se midió la velocidad de propagación de las ondas 
elásticas para el material y analizando los tiempos de vuelo hasta los 4 sen-
sores para cada evento se pudo establecer la posición de los defectos y la 
carga mecánica a la cual emiten EA. Luego de un filtrado en amplitud y del 
post procesamiento de la información a partir de las cuentas y la energía 
acumulada, los resultados permitieron asociar el nivel de carga mecánica, 
con las zonas de alta emisión y los defectos macroscópicos producidos 
durante la fabricación de las piezas.

OBSERVATORIO DE END EN ARGENTINA, UNA HERRAMIENTA PARA 
IMPULSAR EL SECTOR

Virginia Kuklis, Sabrina Accorinti, Ignacio Fraile, Pablo González Táboas, 
Juan Manuel Labanca y Jorge Schneebeli
prgonzalez@inti.gob.ar

Palabras clave

Extensometría; Central Nuclear, Elementos Finitos, Ensayos de Componen-
te Nucleares, Tensiones, Deformaciones

Texto

La disciplina de Ensayos No Destructivos en Argentina mantiene su creci-
miento a través de los años como así también su dinámica particular, que 
impacta transversalmente en varios rubros de la actividad industrial del 
país.
Hoy en día se trata de un ámbito que involucra una gran diversidad de acto-
res, tanto nacionales como internacionales que se relacionan entre sí de 
distintas maneras. Entre ellos podemos identificar, a modo de ejemplo, 
organismos de regulación, asociaciones civiles, empresas que prestan ser-
vicios, empresas que los demandan e instituciones académicas. 
En este escenario tan complejo, el desafío que se plantea es potenciar, arti-
cular y complementar las capacidades del sector de los END de manera de 
generar más fuentes de trabajo y mejorar la eficiencia de la industria nacio-
nal, y plantear su rol estratégico en aspectos de seguridad pública.
En este sentido, a partir de la vinculación estratégica entre Organismos 
públicos y privados, como ser el INTI y CEENDRA, surgió el interés en la 
creación de un Observatorio del sector de los END en Argentina, que fun-
cione de referencia para el sector. 
En este trabajo se presentará el camino recorrido por las instituciones, un 
mapa del sector de los END, los objetivos y antecedentes del Observatorio y 
sus potencialidades. Se expondrá también la experiencia de INTI-Mecánica 
en el trabajo con otros sectores industriales, su relevamiento de empresas 
de END y el trabajo que viene realizando la Cámara empresaria en este sen-
tido.

APLICACIÓN DE EXTENSOMETRÍA EN ENSAYOS DE PANDEO SOBRE 
COMPONENTES NUCLEARES

Mariano Arévalo; Alberto Martín Ghiselli;Giselle Villabrille;Gabriel
Cataldo  
marevalo@cnea.gov.ar

Palabras clave

Extensometría; Central Nuclear, Elementos Finitos, Ensayos de Componen-
te Nucleares, Tensiones, Deformaciones

Texto

Se presentan los resultados de una serie de ensayos de pandeo realizados 
sobre uno de los componentes internos de un reactor PHWR. Los mismos 
se llevaron a cabo para caracterizar una condición del sistema en la cual se 
producen dilataciones diferenciales de la vasija del reactor. Esta carga 
térmica, en conjunto con una condición de vínculo especial, provoca una 
solicitación mecánica del componente durante la parada del reactor no 
prevista en el diseño. Por lo tanto, a fin de determinar el estado de tensio-
nes en esta situación, se construyó un dispositivo (mock-up) que permita 
reproducir las condiciones de pandeo sobre el componente de manera de 
relevar las fuerzas y el desplazamiento resultante. Adicionalmente a las me-
diciones de cargas y flechas de pandeo, se colocaron un conjunto de exten-
sómetros en las zonas más comprometidas a fin de obtener el estado de 
deformaciones y tensiones resultante. Con los datos provenientes de los 
ensayos realizados se confeccionó un modelo de elementos finitos no lineal 
del sistema y se validaron los resultados del mismo. Esto permitió hallar el 
estado de concentración de tensiones en otras zonas del conjunto a fin de 
obtener el margen de seguridad del componente ensayado y verificar que 
no se supera el límite elástico del material del mismo.
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ENSAYOS DE CALIFICACIÓN SÍSMICA PARA EQUIPOS Y COMPONENTES 
DE CENTRALES NUCLEARES

Sergio D. Lingeri, Martín Ghiselli Alberto - Mariano Arévalo - 
Itai Rozenbaum
lingeri@cnea.gov.ar

Palabras clave

Frecuencias naturales; Central Nuclear, calificación de componentes, 
ensayos sísmicos, vibraciones.

Texto

El empleo de equipos y componentes en centrales nucleares de genera-
ción eléctrica requiere de un previo programa de calificación de esos equi-
pos y componentes a fin de asegurar que los mismos prestarán el servicio 
adecuado en las distintas condiciones ambientales a las que podrán verse 
sometidos. Una parte de ese programa de calificación está orientada a ase-
gurar la correcta operación de los componentes durante y después de 
haber soportado los efectos de un sismo.
Estos programas de calificación de componentes se aplican tanto a los 
correspondientes para nuevas centrales nucleares como a los destinados a 
los programas de mantenimiento o extensión de vida de las centrales 
nucleares existentes. 
Se presenta el marco regulatorio internacional vigente para estos ensayos 
de calificación sísmica, los distintos métodos de calificación que pueden 
emplearse y la experiencia obtenida en CNEA en la calificación sísmica por 
ensayo, de equipos y componentes para las plantas nucleares de genera-
ción eléctrica ubicadas en la República Argentina.

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

ANÁLISIS DE MEDICIONES DE RESISTIVIDAD EN HORMIGONES REFOR-
ZADOS CON FIBRAS

E. D Gomez (1,2); R. Zerbino (3,4,5) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de rmaduras - Resistividad del hormigón - Hormigones reforza-
dos con fibras

Texto

La resistividad del hormigón es un parámetro que indica variaciones en el 
contenido de humedad de un material cementiceo. En términos de corro-
sión de armaduras su registro puede utilizarse como un indicador de sus-
ceptibilidad de deterioro. Diferentes dispositivos y equipos comerciales 
utilizan técnicas de corriente alterna para establecer la resistividad del hor-
migón. En elementos estructurales dañados por corrosión, que presentan 
vulnerabilidad en el diseño de su sección, se pueden realizar refuerzos o 
remplazos de recubrimientos utilizando HRF como estrategia de reparacio-
nes o extensiones de vida. En presencia de fibras metálicas, el registro de la 
resistividad del hormigón con técnicas de corriente alterna es subvalorado, 
por la conductividad de las fibras, siendo necesario establecer factores de 
corrección para valores obtenidos con equipos comerciales diseñados para 
ser utilizados en hormigones convencionales. Con el fin de establecer crite-
rios de medición precisos, se planteó un programa experimental con ele-
mentos de HRF y se realizaron mediciones utilizando un equipo comercial 
y sensores desarrollados para monitorear la corrosión.  Los resultados mos-
traron que las mediciones realizadas con el equipo comercial requieren un 
factor de corrección. A su vez, se realizaron barridos de frecuencias utilizan-
do el sensor y se estableció que utilizando frecuencias de 1Hz se obtienen 
registros más precisos de resistividad en hormigones reforzados con fibras 
metálicas. No se observó influencia significativa del contenido de fibras en 
los resultados.

ESTRUCTURAS DE HORMIGÓN ARMADO DAÑADAS DEBIDO A CORRO-
SIÓN POR CARBONATACIÓN. ESTRATEGIAS PARA LA EVALUACIÓN Y EL 
MONITOREO DE LAS REPARACIONES MEDIANTE LA UTILIZACIÓN DE 
SENSORES.

E. D. Gomez (1,2), J. I. Carricondo (1,2), S. B. Farina (1,3) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de armaduras - Modelos de vida - Sensores de corrosión

Texto

Cuando el hormigón que protege a las armaduras de elementos estructu-
rales se carbonata se inicia un proceso de corrosión generalizada que tiene 
como consecuencia la reducción de la sección y la acumulación de produc-
tos de corrosión. Sin embargo, en ambientes poco húmedos el proceso de 
deterioro se desarrolla lentamente, pudiendo pasar décadas antes de pro-
ducirse perdidas de sección significativas o evidenciar algún daño en el 
recubrimiento por la acumulación de productos de corrosión. En general, 
en elementos estructurales donde la corrosión por carbonatación se desa-
rrolla, el fin de la vida útil está asociado a la aparición de fisuras o desprendi-
mientos en el recubrimiento. La vulnerabilidad de un elemento a manifes-
tar patologías está asociada a aspectos de diseño y constructivos como la 
relación “diámetro de armadura - espesor de recubrimiento” y la calidad del 
material cementiceo. Además de significar un deterioro estético, la apari-
ción de patologías, como fisuras y desprendimientos, favorece el desarrollo 
acelerado del deterioro por corrosión, siendo necesario realizar intervencio-
nes para garantizar la seguridad durante la vida de servicio remanente. En 
este trabajo se proponen estrategias para evaluar reparaciones en estructu-
ras dañadas por corrosión inducida por carbonatación y monitorear la vida 
residual de elementos estructurales mediante el uso de sensores adapta-
dos. Se presentan resultados de trabajos experimentales realizados para la 
adaptación de sensores para su utilización en elementos con geometría 
plana y en reparaciones hechas con materiales cementiceos especiales.

DESARROLLO DE UN MEDIDOR DE ESPESORES DE RECUBRIMIENTOS

Marcelo Gutiérrez, Javier Fava, Rodrigo Romero, Juan Vorobioff y Fede-
rico Checozzi
javier.fava@hotmail.com

Palabras clave

Recubrimientos, lift-off, Corrientes-inducidas

Texto

Es conocida la amplia utilización de medidores de recubrimientos, tanto en 
diferentes industrias como en laboratorios de investigación y desarrollo. 
Generalmente, estos equipos se fabrican para realizar mediciones sobre un 
número limitado de pares substrato-recubrimiento, reduciendo el rango de 
aplicaciones. Disponer de un equipo de desarrollo propio, ampliará los atri-
butos no contemplados en los equipos comerciales.
Se desarrolló un medidor de espesores que aplica el método de corrientes 
inducidas. En la etapa actual del desarrollo se midieron espesores de recu-
brimientos no conductores sobre sustratos no ferromagnéticos. Parte del 
circuito del medidor está compuesto de un oscilador Colpittts. La impedan-
cia del conjunto se modifica según el lift-off, y esto genera cambios en la 
frecuencia de resonancia. La curva de calibración del sistema se determina 
a través de la variación de la frecuencia de resonancia en función del lift-off. 
El sistema se probó con espesores entre 25 y 905 micrones sobre aluminio 
6061 y sobre Zry-4; obteniéndose resultados muy satisfactorios. 
Se presentarán los desarrollos logrados y los resultados obtenidos. También 
se discutirá la posible aplicación sobre materiales ferromagnéticos y en 
situaciones donde se tenga que extender la longitud de los cables.

ESTUDIO MAGNÉTICO DE LA TRANSFORMACIÓN INDUCIDA POR DE-
FORMACIÓN EN FRÍO EN ACEROS INOXIDABLES AUSTENÍTICOS

Miriam Rocío Neyra Astudillo (1), Cristina Spinosa (3),  Mónica Landau (3),  
Guido Ferrari (2), Martin Gómez (1) 
mneyrast@gmail.com

Palabras clave

Ruido Magnético Barkhausen, Emisión Magneto Acústica, austenita, mar-
tensita

Texto

La fase austenita-γ en los aceros inoxidables austeníticos es metaestable. 
Cuando es deformada en frío puede transformarse parcialmente a marten-
sita- �´ ferromagnética. la cantidad de α’ formada depende de la composi-
ción química del acero, de la temperatura del proceso y de la deformación 
aplicada. A partir de tratamientos térmicos por encima de la temperatura 
de inicio de la Austenita AS, la estructura austenítica puede ser recuperada. 
El Ruido Magnético Barkhausen (RMB) y la Emisión Magneto Acústica 
(EMA), son técnicas magnéticas muy sensibles a la microestructura, a las 
tensiones residuales y a la deformación de los materiales ferromagnéticos. 
Cuando se somete un material ferromagnético a un campo magnético 
oscilante producido por una corriente eléctrica cuya amplitud varía lenta-
mente de manera cíclica, se produce en el material excitado el movimiento 
de las Paredes de los Dominios Magnéticos que origina el RMB.  Se originan 
principalmente dos respuestas tipo ruido que se propagan de manera 
ondulatoria, una magnética (RMB) detectable con una bobina colectora 
sobre la superficie del material y otra elástica que puede detectarse colo-
cando un sensor de emisión acústica (EMA). En este trabajo se evalúa me-
diante RMB y EMA para evaluar el contenido de martensita �’ en diferentes 
muestras de aceros inoxidables austeníticos deformadas por laminación en 
frío y tratadas térmicamente para revertir a austenita. En las mismas no se 
ha completado la austenización y por ello presentan ambas fases y un com-
portamiento magnético, el cual decrece a medida que la fracción de la fase 
� aumenta para los Tratamientos Térmicos (TT) de mayor temperatura. Se 
hizo un análisis temporal y frecuencial de las señales y se calculó su valor 
RMS. Se observó que el RMB y EMA disminuyen con el menor contenido de 
martensita �’ para materiales sometidos a TT de mayor temperatura. La 
cantidad de martensita también se midió con un ferrideltímetro comercial 
que reveló una concordancia con los resultados obtenidos con los métodos 
magnéticos. El RMB y la EMA mostraron ser técnicas eficaces en la detec-
ción de la presencia de martensita.

EMISIÓN ACÚSTICA Y EVOLUCIÓN DE DAÑO EN VIGAS DE HORMIGÓN 
ARMADO SOMETIDAS A CARGA CÍCLICA

Hernán Xargay (1,2) Marianela Ripani (2,3)
hernanxargay@gmail.com

Palabras clave
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Texto

En este trabajo se presentan los resultados de ensayos a rotura de vigas de 
hormigón armado, monitoreadas continuamente con el método de Emi-
sión Acústica (EA). Se diseñaron dos disposiciones diferentes de armaduras 
de refuerzo, con o sin estribos, para obtener modos de falla por flexión o 
corte, respectivamente. Además, algunas de las vigas fueron reforzadas adi-
cionalmente con fibras de acero en la mezcla de hormigón. Se aplicó un 
procedimiento de carga caracterizado por varios ciclos de amplitud cre-
ciente hasta alcanzar la capacidad máxima de las vigas. Se presentan y 
comparan los comportamientos de falla de las vigas y la aptitud de cuatro 
índices basados en EA para evaluar su nivel de daño. La incorporación de 
fibras de acero mejoró la resistencia al corte al restringir el desarrollo de 
fisuras inclinadas en la viga sin estribos. Finalmente, se puede concluir que 
los índices EA mostraron en todos los casos una buena correlación con el 
inicio y el progreso de la fisuración.

INSPECCIÓN DE ÁLABES DE TURBINA IN-SITU

Jose Brizuela(1); Joaquín Fernández Bugna(2); Javier Podetti(3); Claudio 
Ziobrowski(4); Carlos Desimone(5)
josebrizuela@conicet.gov.ar
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Texto

Las centrales eléctricas utilizan turbinas de vapor para extraer el máximo 
potencial al calor del vapor producido en un reactor nuclear, caldera de 
carbón o calderas de recuperación de calor de turbina de gas, etc. En gene-
ral, las turbinas de vapor están construidas con filas de álabes aerodinámi-
cos (etapas) montados radialmente que van presentando gradualmente 
mayor longitud radial desde la primera fila (a la entrada del vapor) hasta la 
última fila de la salida, correspondiente a la etapa de baja presión (LSB). Las 
condiciones de operación de las turbinas siempre son complejas y varia-
bles, por lo tanto, los álabes del rotor LSB requieren de un exhaustivo con-
trol de su integridad para garantizar la seguridad operacional del sistema. 
Este trabajo presenta brevemente una serie de estudios elaborados para 
lograr una estrategia eficiente de inspección a manera de poder evaluar los 
álabes de la última etapa de baja presión (L0) durante las paradas de man-
tenimiento programado. Con este objetivo se realizaron cálculos mediante 
el método de elementos finitos (FEM) sobre las zonas críticas de los alabes 
L0, a fin de determinar los sitios de iniciación de fisuras, como así también, 
el tamaño de fisura crítica. Luego, en función del crecimiento de ésta, se 
estableció el intervalo de inspección, en condiciones estables de operación. 
A partir de estos resultados se determinaron los métodos de Ensayos No 
Destructivos (END) más eficientes para ser aplicados in-situ. En particular, 
se describe el proceso de inspección diseñado para evaluar la integridad de 
las raíces de los álabes, que se realizó mediante la tecnología de phased 
array (PAUT) y partículas magnetizables (PM).

REPARACIÓN DE UNA COLUMNA DE PRESIÓN ANTE LA EJECUCIÓN DE 
UNA ABERTURA EN EL CUERPO CILÍNDRICO, DEBIDO AL RECAMBIO DE 
INTERNOS

Héctor Sanzi
tecsaing@tecsaing.com.ar
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Texto

Ante el recambio de internos de gran tamaño en una columna de proceso 
instalada en una planta industrial, es de práctica habitual la ejecución de 
una abertura sobre el cuerpo de presión, con el objeto de realizar los traba-
jos necesarios para llevar a cabo los cortes y posterior reparación.
Es importante bajo esta situación, además de analizar el procedimiento de 
corte y reparación y contar con la logística necesaria, llevar a cabo un minu-
cioso estudio de integridad para asegurar y evitar posibles deformaciones 
durante dicho procedimiento o posteriores, una vez que el componente ya 
se encuentra en operación.
Si bien durante el trabajo de corte, el recipiente se encuentra sin presión 
interior, los estados de carga de peso propio, viento y/o sismo, como así 
también el aporte de calor consecuencia del procedimiento de soldadura 
seleccionado, pueden afectar la integridad estructural del mismo, alcan-
zando deformaciones inadmisibles que imposibiliten su reparación poste-
rior, involucrando un costo adicional, al menos, no contemplado en la etapa 
inicial. Ante esta situación, es importante analizar a través de un estudio de 
integridad estructural, la necesidad de colocar rigidizadores adicionales 
para evitar deformaciones durante el proceso de corte.
Este tipo de requerimiento se realiza cuando el componente ya cuenta con 
una cierta cantidad de años en servicio, en donde la degradación por corro-
sión u otros mecanismos de falla y el estado general del material, particular-
mente si opera a baja o alta temperatura, entre otros, pueden afectar o limi-
tar dicho estudio de integridad.
Para llevar a cabo un estudio completo de integridad, es fundamental 
contar con toda la documentación técnica que asegurar un resultado satis-
factorio. Así las Prácticas Recomendadas API 579 presentan, en función de 
la documentación existente, una clasificación en cuanto al tipo de análisis a 
utilizar, identificando diferentes Niveles de Evaluación para encarar el estu-
dio de integridad.  En este trabajo, a partir de un modelo de elementos fini-
tos tridimensional, se presenta un procedimiento de reparación y evalua-
ción de una columna de presión que se encuentra en servicio y donde se 
debe realizar un recambio de internos, haciendo necesario la ejecución de 
una abertura de 2 mts x 3 mts, sobre el cuerpo cilíndrico. Se mencionan las 
tareas adicionales necesarias de END que deberán ser realizadas para ase
gurar un trabajo seguro y que complementan al estudio de integridad.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.

CONTROL DE CALIDAD MEDIANTE END DE LA COLOCACIÓN DE FRP 
EN ESTRUCTURAS DE HORMIGÓN ARMADo

Marcelo Guzmán- Gustavo Palazzo - Victor Roldan 
mguzman@solidus-ing.com
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Texto

Las estructuras existentes pueden requerir una rehabilitación o refuerzo 
estructural debido a un cambio de destino o adecuación a un nuevo regla-
mento, o también cuando se encuentran en ellas deficiencias o patologías. 
Entre las diversas estrategias de refuerzo y rehabilitación se tiene los polí-
meros reforzados con fibra (FRP por su denominación en inglés). En gene-
ral, el FRP se presenta en forma de pletinas o tejidos que se adhieren a 
estructuras de acero, madera u hormigón armado (H°A°), a efectos de 
aumentar la resistencia de diseño de elementos estructurales, o para lograr 
un aumento en el confinamiento y la ductilidad en sectores de estructuras 
de H°A°. Se observa entonces que la adherencia entre el FRP y la superficie 
donde se coloca es de fundamental importancia. Para asegurar esa adhe-
rencia los reglamentos establecen procedimientos antes, durante y con 
posterioridad a la colocación de este refuerzo. Estos procedimientos tienen 
que ver con técnicas de ensayos no destructivas (END), así como también, 
con otras técnicas mínimamente invasivas a las que también se las podría 
considerar como END. Este trabajo tiene por objeto analizar esos requeri-
mientos para estructuras de H°A°, y mostrar la implementación de las técni-
cas antes comentadas que se han llevado a cabo en obras de Argentina. En 
la primera parte del trabajo se establecen los requerimientos que normas 
americanas y europeas establecen para la aplicación de FRP. Luego se des-
criben las características de obras en Argentina donde se ha implementado 
esta estrategia de refuerzo/rehabilitación. En la tercera parte se detalla el 
proceso de evaluación de adherencia implementado en ellas, así como el 
estudio de los resultados obtenidos. En las conclusiones se resaltan los 
aspectos fundamentales que deben considerarse en el proceso de asegura-
miento de la calidad de colocación del FRP, así como los criterios de acepta-
ción en cada etapa de ese proceso.

TERMOGRAFÍA COMO HERRAMIENTA DE DIAGNÓSTICO EN OBRAS CIVI-
LES Y BIENES CULTURALES.

Arq. Ivanna Todaro; Arq.Germán Alonso; Arq. Miguel Mancini 
itodaro@inti.gob.ar
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Texto

Las herramientas utilizadas para la evaluación del estado de los bienes 
inmuebles nos brindan información valiosa para prevenir y/o reconocer pro-
blemáticas, o bien para identificar características constructivas de los 
mismos. Consideramos que es importante alcanzar un pre-diagnóstico 
utilizando los recursos y equipamientos pertinentes a los escenarios que se 
nos presentan. La utilización de la termografía como herramienta que nos 
permite alcanzar nuestros objetivos en cuanto al estudio de estos bienes de 
una forma no invasiva. Entre las distintas aplicaciones dentro de las obras 
civiles la termografía nos puede dar la posibilidad de reconocer sistemas 
constructivos, modificaciones o adhesiones en los mismos, evaluar filtra-
ciones en instalaciones sanitarias y/o infiltraciones de agua en la envolvente 
del edificio, posibles puentes térmicos o pérdidas de calor en cerramientos, 
como también prevenir deficiencias en el sistema eléctrico. 
La posibilidad de utilizar esta técnica de estudio la posiciona como herra-
mienta valiosa en toda obra civil y especialmente en bienes con valor patri-
monial. Sabemos de la importancia y de la responsabilidad que implica 
intervenir en estos edificios históricos, por lo tanto, la metodología menos 
invasiva es fundamental para conservar la integridad y la identidad de 
nuestras huellas históricas y culturales.

DESARROLLO DE UN EQUIPO MODULAR DE BAJO COSTO PARA LA CA-
RACTERIZACIÓN DE MATERIALES Y PROCESOS UTILIZANDO LA TÉCNI-
CA INTERFEROMÉTRICA OCT (TOMOGRAFÍA DE COHERENCIA ÓPTICA) 

Tabla Pablo (1), Eneas Morel (2), Jorge Torga (3)
ptabla@frd.utn.edu.ar
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Texto

El objetivo central del trabajo es el presentar un equipo modular industrial 
de bajo costo utilizando la técnica interferometría de baja coherencia OCT 
(tomografía de coherencia óptica) para la caracterización de materiales y 
procesos. La técnica es no destructiva y sin contacto, permite determinar 
topografías y tomografías con un rango de 2 mm de espesor o profundidad 
y áreas en el orden del cm2 con una resolución espacial inferior al micrón. El 
equipo tiene un diseño modular con un enfoque en aplicaciones para con-
trol de calidad y monitoreo de procesos de producción en tiempo real e “in 
situ”. La medición se efectúa iluminando uno o varios puntos de la muestra 
y analizando las reflexiones con un código de procesamiento de señal. La 
técnica permite caracterizar procesos de cristalización, polimerización, 
secado de pinturas, lograr tomografías en muestras multicapa semitrans-
parentes y topografías en muestras opacas como metal. Se presentan 
resultados de diferentes caracterizaciones: espesores de recubrimientos 
(laca sobre tejido de fibra de carbono), rugosidad superficial (piezas metáli-
cas con diferentes mecanizados) entre las aplicaciones más destacadas.

UTILIZACIÓN DE LA EMISIÓN ACÚSTICA PARA EVALUACIÓN DEL 
DAÑOEN MATERIALES COMPUESTOS LAMINARES HÍBRIDOS

Guido Ferrari 1, Martín Gómez 1,2
guicferrari@gmail.com
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Emisión Acústica, material compuesto hibrido, ensayos no destructivos, 
flexión

Texto

La Emisión Acústica (EA) es una técnica de END ampliamente utilizada 
para el estudio de materiales compuestos dado que permite obtener infor-
mación de las fuentes que generan esta la emisión que suelen estar relacio-
nadas con defectos y fallas del material. Habitualmente se puede asociar el 
nivel de EA con la intensidad de la solicitación mecánica del material anali-
zando las cargas críticas sobre este antes de llegar a la rotura del compo-
nente y además, contando con un número suficiente de sensores, se 
pueden posicionar las fuentes que emiten dicha información ultrasónica 
para su posterior individualización y análisis. 
En el presente trabajo se ensayaron probetas de material compuesto lami-
nar híbrido (fibra de carbono – fibra de vidrio – resina polimérica) las cuales 
fueron construidas de manera tal de tener discontinuidades en el multila-
minado simulando defectos de fabricación tendientes a disminuir la resis-
tencia estructural del material. En la experimentación se estudiaron probe-
tas que fueron solicitadas mecánicamente a la flexión en ensayos de tres 
puntos. Durante los ensayos se midió la EA con 4 sensores piezoeléctricos 
para detectar y posicionar las fuentes de EA dentro del material. Adicional-
mente se digitalizó la carga de flexión de manera simultánea con la EA. Se 
estudiaron los parámetros de EA Amplitud, número de cuentas y energía 
MARSE principalmente. Se midió la velocidad de propagación de las ondas 
elásticas para el material y analizando los tiempos de vuelo hasta los 4 sen-
sores para cada evento se pudo establecer la posición de los defectos y la 
carga mecánica a la cual emiten EA. Luego de un filtrado en amplitud y del 
post procesamiento de la información a partir de las cuentas y la energía 
acumulada, los resultados permitieron asociar el nivel de carga mecánica, 
con las zonas de alta emisión y los defectos macroscópicos producidos 
durante la fabricación de las piezas.

OBSERVATORIO DE END EN ARGENTINA, UNA HERRAMIENTA PARA 
IMPULSAR EL SECTOR

Virginia Kuklis, Sabrina Accorinti, Ignacio Fraile, Pablo González Táboas, 
Juan Manuel Labanca y Jorge Schneebeli
prgonzalez@inti.gob.ar
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Texto

La disciplina de Ensayos No Destructivos en Argentina mantiene su creci-
miento a través de los años como así también su dinámica particular, que 
impacta transversalmente en varios rubros de la actividad industrial del 
país.
Hoy en día se trata de un ámbito que involucra una gran diversidad de acto-
res, tanto nacionales como internacionales que se relacionan entre sí de 
distintas maneras. Entre ellos podemos identificar, a modo de ejemplo, 
organismos de regulación, asociaciones civiles, empresas que prestan ser-
vicios, empresas que los demandan e instituciones académicas. 
En este escenario tan complejo, el desafío que se plantea es potenciar, arti-
cular y complementar las capacidades del sector de los END de manera de 
generar más fuentes de trabajo y mejorar la eficiencia de la industria nacio-
nal, y plantear su rol estratégico en aspectos de seguridad pública.
En este sentido, a partir de la vinculación estratégica entre Organismos 
públicos y privados, como ser el INTI y CEENDRA, surgió el interés en la 
creación de un Observatorio del sector de los END en Argentina, que fun-
cione de referencia para el sector. 
En este trabajo se presentará el camino recorrido por las instituciones, un 
mapa del sector de los END, los objetivos y antecedentes del Observatorio y 
sus potencialidades. Se expondrá también la experiencia de INTI-Mecánica 
en el trabajo con otros sectores industriales, su relevamiento de empresas 
de END y el trabajo que viene realizando la Cámara empresaria en este sen-
tido.

APLICACIÓN DE EXTENSOMETRÍA EN ENSAYOS DE PANDEO SOBRE 
COMPONENTES NUCLEARES

Mariano Arévalo; Alberto Martín Ghiselli;Giselle Villabrille;Gabriel
Cataldo  
marevalo@cnea.gov.ar
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Texto

Se presentan los resultados de una serie de ensayos de pandeo realizados 
sobre uno de los componentes internos de un reactor PHWR. Los mismos 
se llevaron a cabo para caracterizar una condición del sistema en la cual se 
producen dilataciones diferenciales de la vasija del reactor. Esta carga 
térmica, en conjunto con una condición de vínculo especial, provoca una 
solicitación mecánica del componente durante la parada del reactor no 
prevista en el diseño. Por lo tanto, a fin de determinar el estado de tensio-
nes en esta situación, se construyó un dispositivo (mock-up) que permita 
reproducir las condiciones de pandeo sobre el componente de manera de 
relevar las fuerzas y el desplazamiento resultante. Adicionalmente a las me-
diciones de cargas y flechas de pandeo, se colocaron un conjunto de exten-
sómetros en las zonas más comprometidas a fin de obtener el estado de 
deformaciones y tensiones resultante. Con los datos provenientes de los 
ensayos realizados se confeccionó un modelo de elementos finitos no lineal 
del sistema y se validaron los resultados del mismo. Esto permitió hallar el 
estado de concentración de tensiones en otras zonas del conjunto a fin de 
obtener el margen de seguridad del componente ensayado y verificar que 
no se supera el límite elástico del material del mismo.
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ENSAYOS DE CALIFICACIÓN SÍSMICA PARA EQUIPOS Y COMPONENTES 
DE CENTRALES NUCLEARES

Sergio D. Lingeri, Martín Ghiselli Alberto - Mariano Arévalo - 
Itai Rozenbaum
lingeri@cnea.gov.ar
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Texto

El empleo de equipos y componentes en centrales nucleares de genera-
ción eléctrica requiere de un previo programa de calificación de esos equi-
pos y componentes a fin de asegurar que los mismos prestarán el servicio 
adecuado en las distintas condiciones ambientales a las que podrán verse 
sometidos. Una parte de ese programa de calificación está orientada a ase-
gurar la correcta operación de los componentes durante y después de 
haber soportado los efectos de un sismo.
Estos programas de calificación de componentes se aplican tanto a los 
correspondientes para nuevas centrales nucleares como a los destinados a 
los programas de mantenimiento o extensión de vida de las centrales 
nucleares existentes. 
Se presenta el marco regulatorio internacional vigente para estos ensayos 
de calificación sísmica, los distintos métodos de calificación que pueden 
emplearse y la experiencia obtenida en CNEA en la calificación sísmica por 
ensayo, de equipos y componentes para las plantas nucleares de genera-
ción eléctrica ubicadas en la República Argentina.

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com
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Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

ANÁLISIS DE MEDICIONES DE RESISTIVIDAD EN HORMIGONES REFOR-
ZADOS CON FIBRAS

E. D Gomez (1,2); R. Zerbino (3,4,5) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de rmaduras - Resistividad del hormigón - Hormigones reforza-
dos con fibras

Texto

La resistividad del hormigón es un parámetro que indica variaciones en el 
contenido de humedad de un material cementiceo. En términos de corro-
sión de armaduras su registro puede utilizarse como un indicador de sus-
ceptibilidad de deterioro. Diferentes dispositivos y equipos comerciales 
utilizan técnicas de corriente alterna para establecer la resistividad del hor-
migón. En elementos estructurales dañados por corrosión, que presentan 
vulnerabilidad en el diseño de su sección, se pueden realizar refuerzos o 
remplazos de recubrimientos utilizando HRF como estrategia de reparacio-
nes o extensiones de vida. En presencia de fibras metálicas, el registro de la 
resistividad del hormigón con técnicas de corriente alterna es subvalorado, 
por la conductividad de las fibras, siendo necesario establecer factores de 
corrección para valores obtenidos con equipos comerciales diseñados para 
ser utilizados en hormigones convencionales. Con el fin de establecer crite-
rios de medición precisos, se planteó un programa experimental con ele-
mentos de HRF y se realizaron mediciones utilizando un equipo comercial 
y sensores desarrollados para monitorear la corrosión.  Los resultados mos-
traron que las mediciones realizadas con el equipo comercial requieren un 
factor de corrección. A su vez, se realizaron barridos de frecuencias utilizan-
do el sensor y se estableció que utilizando frecuencias de 1Hz se obtienen 
registros más precisos de resistividad en hormigones reforzados con fibras 
metálicas. No se observó influencia significativa del contenido de fibras en 
los resultados.

ESTRUCTURAS DE HORMIGÓN ARMADO DAÑADAS DEBIDO A CORRO-
SIÓN POR CARBONATACIÓN. ESTRATEGIAS PARA LA EVALUACIÓN Y EL 
MONITOREO DE LAS REPARACIONES MEDIANTE LA UTILIZACIÓN DE 
SENSORES.

E. D. Gomez (1,2), J. I. Carricondo (1,2), S. B. Farina (1,3) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de armaduras - Modelos de vida - Sensores de corrosión

Texto

Cuando el hormigón que protege a las armaduras de elementos estructu-
rales se carbonata se inicia un proceso de corrosión generalizada que tiene 
como consecuencia la reducción de la sección y la acumulación de produc-
tos de corrosión. Sin embargo, en ambientes poco húmedos el proceso de 
deterioro se desarrolla lentamente, pudiendo pasar décadas antes de pro-
ducirse perdidas de sección significativas o evidenciar algún daño en el 
recubrimiento por la acumulación de productos de corrosión. En general, 
en elementos estructurales donde la corrosión por carbonatación se desa-
rrolla, el fin de la vida útil está asociado a la aparición de fisuras o desprendi-
mientos en el recubrimiento. La vulnerabilidad de un elemento a manifes-
tar patologías está asociada a aspectos de diseño y constructivos como la 
relación “diámetro de armadura - espesor de recubrimiento” y la calidad del 
material cementiceo. Además de significar un deterioro estético, la apari-
ción de patologías, como fisuras y desprendimientos, favorece el desarrollo 
acelerado del deterioro por corrosión, siendo necesario realizar intervencio-
nes para garantizar la seguridad durante la vida de servicio remanente. En 
este trabajo se proponen estrategias para evaluar reparaciones en estructu-
ras dañadas por corrosión inducida por carbonatación y monitorear la vida 
residual de elementos estructurales mediante el uso de sensores adapta-
dos. Se presentan resultados de trabajos experimentales realizados para la 
adaptación de sensores para su utilización en elementos con geometría 
plana y en reparaciones hechas con materiales cementiceos especiales.

DESARROLLO DE UN MEDIDOR DE ESPESORES DE RECUBRIMIENTOS

Marcelo Gutiérrez, Javier Fava, Rodrigo Romero, Juan Vorobioff y Fede-
rico Checozzi
javier.fava@hotmail.com

Palabras clave

Recubrimientos, lift-off, Corrientes-inducidas

Texto

Es conocida la amplia utilización de medidores de recubrimientos, tanto en 
diferentes industrias como en laboratorios de investigación y desarrollo. 
Generalmente, estos equipos se fabrican para realizar mediciones sobre un 
número limitado de pares substrato-recubrimiento, reduciendo el rango de 
aplicaciones. Disponer de un equipo de desarrollo propio, ampliará los atri-
butos no contemplados en los equipos comerciales.
Se desarrolló un medidor de espesores que aplica el método de corrientes 
inducidas. En la etapa actual del desarrollo se midieron espesores de recu-
brimientos no conductores sobre sustratos no ferromagnéticos. Parte del 
circuito del medidor está compuesto de un oscilador Colpittts. La impedan-
cia del conjunto se modifica según el lift-off, y esto genera cambios en la 
frecuencia de resonancia. La curva de calibración del sistema se determina 
a través de la variación de la frecuencia de resonancia en función del lift-off. 
El sistema se probó con espesores entre 25 y 905 micrones sobre aluminio 
6061 y sobre Zry-4; obteniéndose resultados muy satisfactorios. 
Se presentarán los desarrollos logrados y los resultados obtenidos. También 
se discutirá la posible aplicación sobre materiales ferromagnéticos y en 
situaciones donde se tenga que extender la longitud de los cables.

ESTUDIO MAGNÉTICO DE LA TRANSFORMACIÓN INDUCIDA POR DE-
FORMACIÓN EN FRÍO EN ACEROS INOXIDABLES AUSTENÍTICOS

Miriam Rocío Neyra Astudillo (1), Cristina Spinosa (3),  Mónica Landau (3),  
Guido Ferrari (2), Martin Gómez (1) 
mneyrast@gmail.com

Palabras clave

Ruido Magnético Barkhausen, Emisión Magneto Acústica, austenita, mar-
tensita

Texto

La fase austenita-γ en los aceros inoxidables austeníticos es metaestable. 
Cuando es deformada en frío puede transformarse parcialmente a marten-
sita- �´ ferromagnética. la cantidad de α’ formada depende de la composi-
ción química del acero, de la temperatura del proceso y de la deformación 
aplicada. A partir de tratamientos térmicos por encima de la temperatura 
de inicio de la Austenita AS, la estructura austenítica puede ser recuperada. 
El Ruido Magnético Barkhausen (RMB) y la Emisión Magneto Acústica 
(EMA), son técnicas magnéticas muy sensibles a la microestructura, a las 
tensiones residuales y a la deformación de los materiales ferromagnéticos. 
Cuando se somete un material ferromagnético a un campo magnético 
oscilante producido por una corriente eléctrica cuya amplitud varía lenta-
mente de manera cíclica, se produce en el material excitado el movimiento 
de las Paredes de los Dominios Magnéticos que origina el RMB.  Se originan 
principalmente dos respuestas tipo ruido que se propagan de manera 
ondulatoria, una magnética (RMB) detectable con una bobina colectora 
sobre la superficie del material y otra elástica que puede detectarse colo-
cando un sensor de emisión acústica (EMA). En este trabajo se evalúa me-
diante RMB y EMA para evaluar el contenido de martensita �’ en diferentes 
muestras de aceros inoxidables austeníticos deformadas por laminación en 
frío y tratadas térmicamente para revertir a austenita. En las mismas no se 
ha completado la austenización y por ello presentan ambas fases y un com-
portamiento magnético, el cual decrece a medida que la fracción de la fase 
� aumenta para los Tratamientos Térmicos (TT) de mayor temperatura. Se 
hizo un análisis temporal y frecuencial de las señales y se calculó su valor 
RMS. Se observó que el RMB y EMA disminuyen con el menor contenido de 
martensita �’ para materiales sometidos a TT de mayor temperatura. La 
cantidad de martensita también se midió con un ferrideltímetro comercial 
que reveló una concordancia con los resultados obtenidos con los métodos 
magnéticos. El RMB y la EMA mostraron ser técnicas eficaces en la detec-
ción de la presencia de martensita.

EMISIÓN ACÚSTICA Y EVOLUCIÓN DE DAÑO EN VIGAS DE HORMIGÓN 
ARMADO SOMETIDAS A CARGA CÍCLICA

Hernán Xargay (1,2) Marianela Ripani (2,3)
hernanxargay@gmail.com

Palabras clave

Emisión Acústica, Hormigón Armado, Ensayo de carga, Daño

Texto

En este trabajo se presentan los resultados de ensayos a rotura de vigas de 
hormigón armado, monitoreadas continuamente con el método de Emi-
sión Acústica (EA). Se diseñaron dos disposiciones diferentes de armaduras 
de refuerzo, con o sin estribos, para obtener modos de falla por flexión o 
corte, respectivamente. Además, algunas de las vigas fueron reforzadas adi-
cionalmente con fibras de acero en la mezcla de hormigón. Se aplicó un 
procedimiento de carga caracterizado por varios ciclos de amplitud cre-
ciente hasta alcanzar la capacidad máxima de las vigas. Se presentan y 
comparan los comportamientos de falla de las vigas y la aptitud de cuatro 
índices basados en EA para evaluar su nivel de daño. La incorporación de 
fibras de acero mejoró la resistencia al corte al restringir el desarrollo de 
fisuras inclinadas en la viga sin estribos. Finalmente, se puede concluir que 
los índices EA mostraron en todos los casos una buena correlación con el 
inicio y el progreso de la fisuración.

INSPECCIÓN DE ÁLABES DE TURBINA IN-SITU

Jose Brizuela(1); Joaquín Fernández Bugna(2); Javier Podetti(3); Claudio 
Ziobrowski(4); Carlos Desimone(5)
josebrizuela@conicet.gov.ar

Palabras clave

Turbinas de vapor, END en mantenimiento, Elementos Finitos, Phased 
Array

Texto

Las centrales eléctricas utilizan turbinas de vapor para extraer el máximo 
potencial al calor del vapor producido en un reactor nuclear, caldera de 
carbón o calderas de recuperación de calor de turbina de gas, etc. En gene-
ral, las turbinas de vapor están construidas con filas de álabes aerodinámi-
cos (etapas) montados radialmente que van presentando gradualmente 
mayor longitud radial desde la primera fila (a la entrada del vapor) hasta la 
última fila de la salida, correspondiente a la etapa de baja presión (LSB). Las 
condiciones de operación de las turbinas siempre son complejas y varia-
bles, por lo tanto, los álabes del rotor LSB requieren de un exhaustivo con-
trol de su integridad para garantizar la seguridad operacional del sistema. 
Este trabajo presenta brevemente una serie de estudios elaborados para 
lograr una estrategia eficiente de inspección a manera de poder evaluar los 
álabes de la última etapa de baja presión (L0) durante las paradas de man-
tenimiento programado. Con este objetivo se realizaron cálculos mediante 
el método de elementos finitos (FEM) sobre las zonas críticas de los alabes 
L0, a fin de determinar los sitios de iniciación de fisuras, como así también, 
el tamaño de fisura crítica. Luego, en función del crecimiento de ésta, se 
estableció el intervalo de inspección, en condiciones estables de operación. 
A partir de estos resultados se determinaron los métodos de Ensayos No 
Destructivos (END) más eficientes para ser aplicados in-situ. En particular, 
se describe el proceso de inspección diseñado para evaluar la integridad de 
las raíces de los álabes, que se realizó mediante la tecnología de phased 
array (PAUT) y partículas magnetizables (PM).

REPARACIÓN DE UNA COLUMNA DE PRESIÓN ANTE LA EJECUCIÓN DE 
UNA ABERTURA EN EL CUERPO CILÍNDRICO, DEBIDO AL RECAMBIO DE 
INTERNOS

Héctor Sanzi
tecsaing@tecsaing.com.ar

Palabras clave

REPARACIÓN RECIPIENTE, SIMULACION COMPUTACIONAL, END

Texto

Ante el recambio de internos de gran tamaño en una columna de proceso 
instalada en una planta industrial, es de práctica habitual la ejecución de 
una abertura sobre el cuerpo de presión, con el objeto de realizar los traba-
jos necesarios para llevar a cabo los cortes y posterior reparación.
Es importante bajo esta situación, además de analizar el procedimiento de 
corte y reparación y contar con la logística necesaria, llevar a cabo un minu-
cioso estudio de integridad para asegurar y evitar posibles deformaciones 
durante dicho procedimiento o posteriores, una vez que el componente ya 
se encuentra en operación.
Si bien durante el trabajo de corte, el recipiente se encuentra sin presión 
interior, los estados de carga de peso propio, viento y/o sismo, como así 
también el aporte de calor consecuencia del procedimiento de soldadura 
seleccionado, pueden afectar la integridad estructural del mismo, alcan-
zando deformaciones inadmisibles que imposibiliten su reparación poste-
rior, involucrando un costo adicional, al menos, no contemplado en la etapa 
inicial. Ante esta situación, es importante analizar a través de un estudio de 
integridad estructural, la necesidad de colocar rigidizadores adicionales 
para evitar deformaciones durante el proceso de corte.
Este tipo de requerimiento se realiza cuando el componente ya cuenta con 
una cierta cantidad de años en servicio, en donde la degradación por corro-
sión u otros mecanismos de falla y el estado general del material, particular-
mente si opera a baja o alta temperatura, entre otros, pueden afectar o limi-
tar dicho estudio de integridad.
Para llevar a cabo un estudio completo de integridad, es fundamental 
contar con toda la documentación técnica que asegurar un resultado satis-
factorio. Así las Prácticas Recomendadas API 579 presentan, en función de 
la documentación existente, una clasificación en cuanto al tipo de análisis a 
utilizar, identificando diferentes Niveles de Evaluación para encarar el estu-
dio de integridad.  En este trabajo, a partir de un modelo de elementos fini-
tos tridimensional, se presenta un procedimiento de reparación y evalua-
ción de una columna de presión que se encuentra en servicio y donde se 
debe realizar un recambio de internos, haciendo necesario la ejecución de 
una abertura de 2 mts x 3 mts, sobre el cuerpo cilíndrico. Se mencionan las 
tareas adicionales necesarias de END que deberán ser realizadas para ase
gurar un trabajo seguro y que complementan al estudio de integridad.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.

CONTROL DE CALIDAD MEDIANTE END DE LA COLOCACIÓN DE FRP 
EN ESTRUCTURAS DE HORMIGÓN ARMADo

Marcelo Guzmán- Gustavo Palazzo - Victor Roldan 
mguzman@solidus-ing.com

Palabras clave

Refuerzo-Rehabilitación, FRP, Colocación, Control de calidad, END

Texto

Las estructuras existentes pueden requerir una rehabilitación o refuerzo 
estructural debido a un cambio de destino o adecuación a un nuevo regla-
mento, o también cuando se encuentran en ellas deficiencias o patologías. 
Entre las diversas estrategias de refuerzo y rehabilitación se tiene los polí-
meros reforzados con fibra (FRP por su denominación en inglés). En gene-
ral, el FRP se presenta en forma de pletinas o tejidos que se adhieren a 
estructuras de acero, madera u hormigón armado (H°A°), a efectos de 
aumentar la resistencia de diseño de elementos estructurales, o para lograr 
un aumento en el confinamiento y la ductilidad en sectores de estructuras 
de H°A°. Se observa entonces que la adherencia entre el FRP y la superficie 
donde se coloca es de fundamental importancia. Para asegurar esa adhe-
rencia los reglamentos establecen procedimientos antes, durante y con 
posterioridad a la colocación de este refuerzo. Estos procedimientos tienen 
que ver con técnicas de ensayos no destructivas (END), así como también, 
con otras técnicas mínimamente invasivas a las que también se las podría 
considerar como END. Este trabajo tiene por objeto analizar esos requeri-
mientos para estructuras de H°A°, y mostrar la implementación de las técni-
cas antes comentadas que se han llevado a cabo en obras de Argentina. En 
la primera parte del trabajo se establecen los requerimientos que normas 
americanas y europeas establecen para la aplicación de FRP. Luego se des-
criben las características de obras en Argentina donde se ha implementado 
esta estrategia de refuerzo/rehabilitación. En la tercera parte se detalla el 
proceso de evaluación de adherencia implementado en ellas, así como el 
estudio de los resultados obtenidos. En las conclusiones se resaltan los 
aspectos fundamentales que deben considerarse en el proceso de asegura-
miento de la calidad de colocación del FRP, así como los criterios de acepta-
ción en cada etapa de ese proceso.

TERMOGRAFÍA COMO HERRAMIENTA DE DIAGNÓSTICO EN OBRAS CIVI-
LES Y BIENES CULTURALES.

Arq. Ivanna Todaro; Arq.Germán Alonso; Arq. Miguel Mancini 
itodaro@inti.gob.ar

Palabras clave

Termografía Aplicada a la Construcción

Texto

Las herramientas utilizadas para la evaluación del estado de los bienes 
inmuebles nos brindan información valiosa para prevenir y/o reconocer pro-
blemáticas, o bien para identificar características constructivas de los 
mismos. Consideramos que es importante alcanzar un pre-diagnóstico 
utilizando los recursos y equipamientos pertinentes a los escenarios que se 
nos presentan. La utilización de la termografía como herramienta que nos 
permite alcanzar nuestros objetivos en cuanto al estudio de estos bienes de 
una forma no invasiva. Entre las distintas aplicaciones dentro de las obras 
civiles la termografía nos puede dar la posibilidad de reconocer sistemas 
constructivos, modificaciones o adhesiones en los mismos, evaluar filtra-
ciones en instalaciones sanitarias y/o infiltraciones de agua en la envolvente 
del edificio, posibles puentes térmicos o pérdidas de calor en cerramientos, 
como también prevenir deficiencias en el sistema eléctrico. 
La posibilidad de utilizar esta técnica de estudio la posiciona como herra-
mienta valiosa en toda obra civil y especialmente en bienes con valor patri-
monial. Sabemos de la importancia y de la responsabilidad que implica 
intervenir en estos edificios históricos, por lo tanto, la metodología menos 
invasiva es fundamental para conservar la integridad y la identidad de 
nuestras huellas históricas y culturales.

DESARROLLO DE UN EQUIPO MODULAR DE BAJO COSTO PARA LA CA-
RACTERIZACIÓN DE MATERIALES Y PROCESOS UTILIZANDO LA TÉCNI-
CA INTERFEROMÉTRICA OCT (TOMOGRAFÍA DE COHERENCIA ÓPTICA) 

Tabla Pablo (1), Eneas Morel (2), Jorge Torga (3)
ptabla@frd.utn.edu.ar

Palabras clave

Óptica, OCT, tomografía, topografía, perfilometría

Texto

El objetivo central del trabajo es el presentar un equipo modular industrial 
de bajo costo utilizando la técnica interferometría de baja coherencia OCT 
(tomografía de coherencia óptica) para la caracterización de materiales y 
procesos. La técnica es no destructiva y sin contacto, permite determinar 
topografías y tomografías con un rango de 2 mm de espesor o profundidad 
y áreas en el orden del cm2 con una resolución espacial inferior al micrón. El 
equipo tiene un diseño modular con un enfoque en aplicaciones para con-
trol de calidad y monitoreo de procesos de producción en tiempo real e “in 
situ”. La medición se efectúa iluminando uno o varios puntos de la muestra 
y analizando las reflexiones con un código de procesamiento de señal. La 
técnica permite caracterizar procesos de cristalización, polimerización, 
secado de pinturas, lograr tomografías en muestras multicapa semitrans-
parentes y topografías en muestras opacas como metal. Se presentan 
resultados de diferentes caracterizaciones: espesores de recubrimientos 
(laca sobre tejido de fibra de carbono), rugosidad superficial (piezas metáli-
cas con diferentes mecanizados) entre las aplicaciones más destacadas.

UTILIZACIÓN DE LA EMISIÓN ACÚSTICA PARA EVALUACIÓN DEL 
DAÑOEN MATERIALES COMPUESTOS LAMINARES HÍBRIDOS

Guido Ferrari 1, Martín Gómez 1,2
guicferrari@gmail.com

Palabras clave

Emisión Acústica, material compuesto hibrido, ensayos no destructivos, 
flexión

Texto

La Emisión Acústica (EA) es una técnica de END ampliamente utilizada 
para el estudio de materiales compuestos dado que permite obtener infor-
mación de las fuentes que generan esta la emisión que suelen estar relacio-
nadas con defectos y fallas del material. Habitualmente se puede asociar el 
nivel de EA con la intensidad de la solicitación mecánica del material anali-
zando las cargas críticas sobre este antes de llegar a la rotura del compo-
nente y además, contando con un número suficiente de sensores, se 
pueden posicionar las fuentes que emiten dicha información ultrasónica 
para su posterior individualización y análisis. 
En el presente trabajo se ensayaron probetas de material compuesto lami-
nar híbrido (fibra de carbono – fibra de vidrio – resina polimérica) las cuales 
fueron construidas de manera tal de tener discontinuidades en el multila-
minado simulando defectos de fabricación tendientes a disminuir la resis-
tencia estructural del material. En la experimentación se estudiaron probe-
tas que fueron solicitadas mecánicamente a la flexión en ensayos de tres 
puntos. Durante los ensayos se midió la EA con 4 sensores piezoeléctricos 
para detectar y posicionar las fuentes de EA dentro del material. Adicional-
mente se digitalizó la carga de flexión de manera simultánea con la EA. Se 
estudiaron los parámetros de EA Amplitud, número de cuentas y energía 
MARSE principalmente. Se midió la velocidad de propagación de las ondas 
elásticas para el material y analizando los tiempos de vuelo hasta los 4 sen-
sores para cada evento se pudo establecer la posición de los defectos y la 
carga mecánica a la cual emiten EA. Luego de un filtrado en amplitud y del 
post procesamiento de la información a partir de las cuentas y la energía 
acumulada, los resultados permitieron asociar el nivel de carga mecánica, 
con las zonas de alta emisión y los defectos macroscópicos producidos 
durante la fabricación de las piezas.

OBSERVATORIO DE END EN ARGENTINA, UNA HERRAMIENTA PARA 
IMPULSAR EL SECTOR

Virginia Kuklis, Sabrina Accorinti, Ignacio Fraile, Pablo González Táboas, 
Juan Manuel Labanca y Jorge Schneebeli
prgonzalez@inti.gob.ar

Palabras clave

Extensometría; Central Nuclear, Elementos Finitos, Ensayos de Componen-
te Nucleares, Tensiones, Deformaciones

Texto

La disciplina de Ensayos No Destructivos en Argentina mantiene su creci-
miento a través de los años como así también su dinámica particular, que 
impacta transversalmente en varios rubros de la actividad industrial del 
país.
Hoy en día se trata de un ámbito que involucra una gran diversidad de acto-
res, tanto nacionales como internacionales que se relacionan entre sí de 
distintas maneras. Entre ellos podemos identificar, a modo de ejemplo, 
organismos de regulación, asociaciones civiles, empresas que prestan ser-
vicios, empresas que los demandan e instituciones académicas. 
En este escenario tan complejo, el desafío que se plantea es potenciar, arti-
cular y complementar las capacidades del sector de los END de manera de 
generar más fuentes de trabajo y mejorar la eficiencia de la industria nacio-
nal, y plantear su rol estratégico en aspectos de seguridad pública.
En este sentido, a partir de la vinculación estratégica entre Organismos 
públicos y privados, como ser el INTI y CEENDRA, surgió el interés en la 
creación de un Observatorio del sector de los END en Argentina, que fun-
cione de referencia para el sector. 
En este trabajo se presentará el camino recorrido por las instituciones, un 
mapa del sector de los END, los objetivos y antecedentes del Observatorio y 
sus potencialidades. Se expondrá también la experiencia de INTI-Mecánica 
en el trabajo con otros sectores industriales, su relevamiento de empresas 
de END y el trabajo que viene realizando la Cámara empresaria en este sen-
tido.

APLICACIÓN DE EXTENSOMETRÍA EN ENSAYOS DE PANDEO SOBRE 
COMPONENTES NUCLEARES

Mariano Arévalo; Alberto Martín Ghiselli;Giselle Villabrille;Gabriel
Cataldo  
marevalo@cnea.gov.ar

Palabras clave

Extensometría; Central Nuclear, Elementos Finitos, Ensayos de Componen-
te Nucleares, Tensiones, Deformaciones

Texto

Se presentan los resultados de una serie de ensayos de pandeo realizados 
sobre uno de los componentes internos de un reactor PHWR. Los mismos 
se llevaron a cabo para caracterizar una condición del sistema en la cual se 
producen dilataciones diferenciales de la vasija del reactor. Esta carga 
térmica, en conjunto con una condición de vínculo especial, provoca una 
solicitación mecánica del componente durante la parada del reactor no 
prevista en el diseño. Por lo tanto, a fin de determinar el estado de tensio-
nes en esta situación, se construyó un dispositivo (mock-up) que permita 
reproducir las condiciones de pandeo sobre el componente de manera de 
relevar las fuerzas y el desplazamiento resultante. Adicionalmente a las me-
diciones de cargas y flechas de pandeo, se colocaron un conjunto de exten-
sómetros en las zonas más comprometidas a fin de obtener el estado de 
deformaciones y tensiones resultante. Con los datos provenientes de los 
ensayos realizados se confeccionó un modelo de elementos finitos no lineal 
del sistema y se validaron los resultados del mismo. Esto permitió hallar el 
estado de concentración de tensiones en otras zonas del conjunto a fin de 
obtener el margen de seguridad del componente ensayado y verificar que 
no se supera el límite elástico del material del mismo.
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ENSAYOS DE CALIFICACIÓN SÍSMICA PARA EQUIPOS Y COMPONENTES 
DE CENTRALES NUCLEARES

Sergio D. Lingeri, Martín Ghiselli Alberto - Mariano Arévalo - 
Itai Rozenbaum
lingeri@cnea.gov.ar

Palabras clave

Frecuencias naturales; Central Nuclear, calificación de componentes, 
ensayos sísmicos, vibraciones.

Texto

El empleo de equipos y componentes en centrales nucleares de genera-
ción eléctrica requiere de un previo programa de calificación de esos equi-
pos y componentes a fin de asegurar que los mismos prestarán el servicio 
adecuado en las distintas condiciones ambientales a las que podrán verse 
sometidos. Una parte de ese programa de calificación está orientada a ase-
gurar la correcta operación de los componentes durante y después de 
haber soportado los efectos de un sismo.
Estos programas de calificación de componentes se aplican tanto a los 
correspondientes para nuevas centrales nucleares como a los destinados a 
los programas de mantenimiento o extensión de vida de las centrales 
nucleares existentes. 
Se presenta el marco regulatorio internacional vigente para estos ensayos 
de calificación sísmica, los distintos métodos de calificación que pueden 
emplearse y la experiencia obtenida en CNEA en la calificación sísmica por 
ensayo, de equipos y componentes para las plantas nucleares de genera-
ción eléctrica ubicadas en la República Argentina.

DISEÑO DE LINTERNA ESTROBOSCÓPICA

Daniel Aldo Conte, Valentín Martínez; Eduardo Zorzoli
danielaldoconte@gmail.com

Palabras clave

Análisis de vibraciones; linterna estroboscópica; lámpara estroboscópica

Texto

Con el propósito de aportar a la búsqueda e identificación de síntomas de 
máquinas rotantes mediante el análisis de vibraciones, se elaboró una lista 
de elementos necesarios y propios de la inspección de las mismas. Entre 
ellas se pudo comprobar que el costo de una Linterna Estroboscópica pro-
fesional para estos fines y necesaria para dichas tareas se escapaba del pre-
supuesto propio. Se analizó la posibilidad de diseñar y construir un prototi-
po a los fines de ensayarlo y replicar el modelo definitivo. Los objetivos 
específicos perseguidos fueron contribuir al desarrollo de capacidades, 
aportar un recurso asequible en el mercado nacional, repasar las virtudes 
que presenta el relevamiento estroboscópico, demostrar capacidades, 
generar un emprendimiento tecnológico posible.  Los requisitos de partida 
fueron: precio accesible, tecnología led, ergonomía, robustez, versatilidad. 
También fue virtuoso el proceso de transmitir didácticamente la enorme 
utilidad que provee al analista de vibraciones o al inspector mecánico, el 
observar cuerpos en rotación sometidos a carga centrífuga, su distorsión 
geométrica y dinámica que provoca habitualmente espectros típicos de 
desbalanceo con componentes espectrales 1X, sin presentar causas cuando 
se inspecciona detenido.

 

 

 

 

 

 

SATELLITE IMAGES FOR NATURAL AND CULTURAL HERITAGE: A COMBI-
NATION OF SCIENCE & ART

Sandra Torrusio
storrusio@conae.gov.ar

Abstract

The preservation, monitoring and management of the natural and cultural 
heritage are under the umbrella of the Sustainable Development Goals 
(SDG) of United Nations. These actions are important both at the level of 
local communities and for humanity as a whole. In this sense, the use of 
Earth observation satellites is a key tool, they can see “a site” and also, they 
can see “all sites around the world”.
These satellites generate data and products from different portion of the 
electromagnetic spectrum, as visible, near, medium and far infrared, ther-
mal and microwaves without “touching” the target. This reflected/emitted 
energy is translated into information through technological challenges 
every day more complex, and with the help of trained scientists and techni-
cians. The space agency of Argentina, CONAE, makes available these satelli-
te products (own as SAOCOM and third parties as Landsat, Sentinel) for the 
environmental studies in order to achieve the actions mentioned in the first 
line of this text.
We can show some examples of applications of satellite information with 
different sensors (optics/radar), with different spatial and spectral resolution 
to analyze the changes in cultural (Shincal, Qhapaq Ñan) and natural sites 
(Iguazú Fall, Península de Valdes, Calafate, Parques Ischigualasto y Talam-
paya) of our country, most of them declared as UNESCO Heritage.
This information is essential not only for decision-making and different 
stakeholders, but also to teach childhood and youth the value.

COMBINED NEUTRON AND X-RAY IMAGING FOR HERITAGE PIECES 
FROM THE “MUSEO DE LA  PATAGONIA” (ADMINISTRACIÓN DE PAR-
QUES NACIONALES, ARGENTINA)

Nahuel Vega (1), Javier Santisteban(1,2), Josefina Schweickardt(1,2), Flo-
rencia Cantargi(1), Marcia  Bianchi Villelli(2,4), Nikolai Kardjilov(5) 
nahuelv@gmail.com

Abstract

X-Ray computed tomography (CT) is a non-destructive technique widely 
used for the study of cultural heritage. It allows producing 3D maps of the 
X-Ray attenuation within a given object or sample. Limitations of the tech-
nique arise in cases where the object is composed by materials having very 
similar attenuation coefficients, or very low attenuation coefficients, 
making them hard to detect and distinguish. Neutron CT is an analogous 
technique that uses a neutron beam instead of X-Rays. While X-Rays pre-
sent high attenuation for heavy elements such as lead, iron or cooper, neu-
trons present high attenuation for hydrogen-rich materials, such as organic  
compounds (Figure 1). Since the past decade, there has been a growing 
interest in the simultaneous use of both analysis probes to obtain comple-
mentary information (Mannes et al.  2015) (Jacot-Guillarmod et al. 2019) (Le-
hmann et al. 2021).  

Figure 1 Comparison between neutron and x-ray attenuation
Here, we show the capabilities of this combined approach through the 
analysis of several ornamental pieces belonging to the “Giai collection” 
(Museo de la Patagonia, Parque Nacional  Nahuel Huapi (APN), collected in 
1942 from different sites in Neuquén province, Argentina. Here, we examine 
a "trarilongko", an indigenous headband composed of colorful glass beads 
and copper-based thimbles -as tinkerbells- joined by a filament of guanaco 
tendon. Our analysis focused on one of the thimbles, which was seriously 
corroded. 
We were able to reconstruct and quantify the volume of the remaining 
metal using X-ray CT, and the external oxides and deposits, using neutron 
CT. This information is used to evaluate a restoration procedure feasibility 
and to identify the weakest parts of the piece.  
Both X-ray and neutron techniques will be available in the Laboratorio 
Argentino de Haces de  Neutrones (LAHN), the neutron beam laboratory 
currently under construction within the RA 10 reactor complex, in Ezeiza, 
30km from Buenos Aires downtown. LAHN's initial instrument suite inclu-
des a neutron imaging beamline, ASTOR (Advanced System for  TOmogra-
phy and Radiography), a state-of-the-art system with 3 sample-positions 
and several  sample stages optimized for objects from centimeter to meter 
scale. It will also count with a  position for simultaneous neutron and x-ray 
CT and will become the first facility offering these  capabilities in South 
America. ASTOR and all other beamlines at LAHN will be available for the-
national and international heritage community. 

GATHERING GLASSMAKING, GEMOLOGY AND GLYPTIC 

Daniela Di Martino (1), Elisabetta Gagetti (2), and Maria Pia Riccardi (3) 
daniela.dimartino@unimib.it

Abstract

In antiquity, glasses were produced also for imitation purposes, for example 
in gemology   [Sena Chiesa, 2010]. In fact, ancient glass gem makers were 
constantly looking for new recipes to mime gems: opaque coloured glasses 
could be obtained (and tuned) with careful insertion of some elements, 
likely forming microcrystalline phases (as calcium or lead antimoniate). The 
whole composition of the specimens thus reflects the progress reached by 
the manufacturer’s workshop and it can be used as an archaeological 
marker of production times and geographical area. Roman glassmaking 
skillfully achieved the control over colour, mixing colourizers and decolouri-
zers [Jackson, 2005]. Similarly to gemology, glasses were used for glyptic 
too.  
Some beautiful examples of glass-gems come from the National Archaeo-
logical Museum in Aquileia [Sena Chiesa, 1966], the collection of which com-
prises more than 1000 pieces dating from II century b.C. to II century a.C. 
(see figure 1). Such a rich collection is however not in-depth analysed from 
a scientific point of view: in fact, the finding site is known, but most of its 
masterpieces is object of many concerns. For this reason, the “Glass-gems 
Exploration by Multidisciplinary Methods, Analyses and Experiments” 
(GEMMAE) project was conceived and different characterizations campaig-
ns were planned, by completely non destructive techniques. We will report 
on the aim, design, selection of samples and first result of the GEMMAE pro-
ject. 
We expect to be able to widen the scientific and historical-artistic knowled-
ge about Roman glass and local production, as well as manufacturing tech-
niques, making comparisons with the available literature on Roman glasses 
[Shortland et al., 2006, Henderson et al., 2005,  Calligaro et al., 2008]. 

MICROCLIMATE MONITORING OF HISTORICAL BUILDINGS: THE CASE 
STUDY OF SAN ROMERIO CHURCH  (ITALY)

Elisabetta Rosina (1), Megi Zala (2), and Antonio Ammendola (3)
elisabetta.rosina@polimi.it

Abstract

For the preservation of Cultural Heritage, microclimate monitoring is man-
datory for assessing the environmental and usage-related risks. Several stu-
dies have been carried out on historical buildings in the last decades. Howe-
ver, only a few of these pertain to the settlements situated at 1500 m ASL in 
the Retic Alps. 
This study aims to present the results of monitoring the microclimate of the 
case study of the San Romerio church at 1800 m, one of the most represen-
tative cases in the Alps region between Italy and Switzerland. The Roma-
nesque church dates back to 1000 AD, is located on the edge of a precipice 
along the historical medieval route at mid-valley and serves as an impor-
tant landmark (Lanfranchi,1988). 
The analysis was carried out using three non-destructive methods: infrared 
thermography (IRT), psychrometric, and microclimate monitoring. The mo-
nitoring was carried out with the objectives of evaluating the thermo-hy-
grometric imbalances occurring naturally inside the building; and establi-
shing the threshold values of T°C and RH% that allow the optimal conserva-
tion of the building.  
These methods helped to identify and evaluate minimum and maximum 
values, daily variations and to calculate the daily averages and imbalance in 
T°C and RH% alongside the distribution of moisture on the walls. The analy-
sis obtained is of particular importance for informing guidelines on conser-
vation of similar typology buildings in the Alps in the context of climate 
variation. 

X-RAY SPECTROSCOPIC ANALYSIS OF ANCIENT POTTERY 

Krit Won-in(1), Udomrat Tippawan(2), and Pisutti Dararutana(3) 
pisutti@hotmail.com

Abstract

It was shown that the Ban Di archeological site in Pattani province in sou-
thern Thailand, has been an industrial area for manufacturing pottery 
sometime between the 22nd -23th Buddhist centuries. This work was 
aimed to analyze the morphology and composition of the samples which 
were pottery shreds from Ban Di kiln using scanning electron microscope 
coupled with energy dispersive X-ray spectrometer (SEM-EDS) and parti-
cle-induced X-ray emission spectroscopy (PIXE). It was found that they 
demonstrated into three layers such as an outer layer, a body, and an inner 
layer which consisted of composite materials that contained irregularly pla-
te-like granules with variety in sizes. The chemical compositions showed 
that they contained siliceous clay with high Si and Al. Na, K, Mg, Fe, and Ca 
presented as minor contents, while Mg and Cu were found as trace ele-
ments. Pb was also detectable. The results indicated that they used the raw 
materials in the community and low-temperature firing process. This infor-
mation will help to explain the production behaviors.

ASSESSMENT OF HISTORICAL MONUMENTS USING GAMMA RAYS

Dr. Mario Mariscotti - Joaquín Boselli, Teresita Frigerio, Marcelo Ruffolo, 
Peter Thieberger
info@thasa.com

Abstract

Gammagraphies and gammametry are two techniques that allow uncove-
ring features in historical structures and ornaments not observable with 
other non-destructive means.
In this presentation we shall describe three illustrative cases: a study of the 
inner metallic frame of high hanging Dragon-like figures in Luján Basilica; 
an investigation of the wooden roof of a XVII century Jesuit chapel (Man-
kind Heritage by UNESCO); and a search for an anchorage in a large monu-
ment.
In the first case, configuration and corrosion-condition of metallic supports 
in the interior of a body showing cracks in the external plaster were deter-
mined through a series of gammagraphies. This work entailed the develop-
ment of a special “gammameter” to define proper irradiation times owing 
to the ornament´s irregular shape.
In the second case the goal was to find fist-size termite-produced cavities 
in the sheathing boards and beams under the 6 layers of tiles in the chapel 
roof. This work required a previous gammagraphic sensitivity analysis due 
to the small density difference between partial vacuum and the roof wood. 
The third case was an application of gammametry, that is the use of a small 
gamma ray spectrometer and a radioactive source displaced in steps along 
parallel axes, to show the non-existence of anchorage fastening the statue 
to its base.

 

SOBRE EL CONGRESO

Desde el año 2005, AAENDE organiza el Congreso Regional de Ensayos No 
Destructivos y Estructurales (CORENDE). Siguiendo el espíritu de las ante-
riores ediciones de la Conferencia y Exposición Regional sobre Ensayos No 
Destructivos (COREND) organizadas por la Comisión Nacional de Energía 
Atómica, este encuentro se realiza cada dos años y tiene como objeto reunir 
a los interesados en la disciplina de Ensayos No Destructivos, desde el 
ámbito de la investigación hasta la producción y comercialización, así como 
también a las comunidades científicas vinculadas, para trabajar juntos en la 
innovación, investigación y desarrollo en el área.
 
El CORENDE se propone un foro para fomentar el intercambio de conoci-
mientos y profundizar la discusión de ideas, que ofrecerá una oportunidad 
de interacción entre las instituciones académicas y el medio industrial, pro-
piciando el desarrollo y la coordinación de actividades y proyectos conjun-
tos, aprovechando la ocasión para hacer un relevamiento del estado de la 
enseñanza de los ENDE y sus necesidades.

El  XIII Congreso Regional de Ensayos No Destructivos y Estructurales (CO-
RENDE 2021) se realizará entre el 3 y el 5 de noviembre en modalidad 
semi-presencial. El mismo se tendrá lugar en las instalaciones del Instituto 
Nacional de Tecnología Industrial (INTI) en el marco de la "Semana del 
ARTE", en conjunto con los eventos "Ciencia y Arte" y "ART´21".

 

 

 

 

USE OF GROUND PENETRATING RADAR FOR PRESERVATION OF REPE-
DEA HILL ENVIRONMENTAL HERITAGE

Nicoleta Iftimie, Rozina Steigmann, Gabriel Silviu Dobrescu
National Institute of R&D for Technical Physics, Iasi, Romania-

Abstract

 The Repedea Hill fossiliferous site is a paleontological nature reserve, 4th 
category as International Union for Conservation of Nature (IUCN) on Mol-
davian Platform. The main part is an oolitic limestone slate covering a surfa-
ce of approximately 3000 km2 in the area. Category IV protected areas are 
not strictly protected from human use. Scientific research may take place 
but generally as a secondary objective but aims their conservation at parti-
cular species or habitats as natural heritage. Human interventions might 
have a negative impact towards the stone’s integrity, the caves and the sur-
face of the structural plateau. Ground Penetrating Radar (GPR) is a usual 
method for terrain and underground investigation. Thus, the surveying of 
this area using Ground Penetrating Radar (GPR) together with the synchro-
nization of the Utility Scan with GPS high-precision positioning system can 
emphasize the structural differences so that damaged or dangerous zones 
can be marked. 
The paper presents the results of testing of few areas from Repedea Hills 
using GPR and their mapping in order to propose some rehabilitation 
actions and marking of forbidden zones for visitors.

UNESCO WORLD HERITAGE ESTANCIA JESÚS MARÍA HERITAGE RECO-
VERY: A CASE STUDY IN CÓRDOBA, ARGENTINA 

Inés Dolmann (1), Silvia Beatriz Velázquez (2), Germán Alonso (3) and 
Virginia Fernández(4)
idolmann@inti.gob.ar

Abstract

At the end of the 16th century, the Jesuit order arrived in Córdoba, whose 
purpose was to evangelize the native people through work and education. 
Those Jesuits construction in Córdoba were built between 1616 and 1725. 
Through The walls of those constructions enclose centuries of the colonial 
history of Argentina culture. 
Close to the old Real way to Alto Peru, is located the Jesuit Jesús María s 
Estancia. A church, a private winery and residence are taking place through 
a four hectare park. 
At the beginning of the 20th century, the National Commission of Museu-
ms and Monuments and Historic Places rescued the church that has a 
strong influence of the American Baroque, to declaring it, on May 14, 1941, a 
National Historic Monument due to its high historical and architectural 
value. 
As an integral part of the Jesuit Complex of Córdoba, in 2000 it was declared 
a World Heritage Site by UNESCO 
The architecture that we have received from our ancestors are irreplaceable 
testimonies that represent the development of a society and we must 
transmit it to future generations. There the need to maintain the authenti-
city of the works in each intervention with non-destructive techniques like 
infrared thermography, rainwater permeability and others on-site testing 
and laboratories testing, in order to get a diagnosis for a following correct 
intervention and preservation of our heritage.

ESTRUCTURAL STUDY OF AN ARCH THROUGH THEORETICAL AND EXPE
RIMENTAL METHODS: THE CASE HISTORY OF THE S. MARIA DELLE 
GRAZIE CHURCH ON THE SHORES OF COMO LAKE (ITALY)

D. Foppoli (1) – E. Rosina(2) – R. Segattini(3)
d.foppoli@foppolimoretta.it

Abstract

The interpretation of the structural behavior of a historic building requires 
the implementation of a model aimed to reduce the structural and mate-
rial complexity of the artefact to something we are able to manage so pre-
dicting its evolution. It is possible to create physical models, scaled or at real 
dimensions, which directly or indirectly represent reality. In the past also 
photoelastic models were used a lot, currently FEM models are mainly 
used. With the powerful current computational methods, they allow us to 
have a representation of reality so realistic as to lead us to believe that it is of 
course correct. The models implemented with informatic programs have, 
among other things, the advantage of being able to reach the “failure” 
without really breaking them and therefore they are reusable 
indefinitely. 
But the model is in any case the reduction of a complex phenomenon to 
our theoretical scheme (therefore based on our current ability to unders-
tand the phenomenon itself) and it is important to be clear about the fact 
that it can be representative of the real only on the basis of the correctness 
of the hypotheses posed (sometimes it can be instead very unrepresentati-
ve). For this reason, the NDTs play a very important role in a process that 
necessarily have to proceed step by step from the model to the real, from 
the hypotheses to the demonstration of their correctness.
This paper refers to the structural case of the large diaphragm arches of a 
Renaissance church, that can be considered apparently simple, but that in 
reality is statically indeterminate. It presents the method in which the struc-
tural interpretation was carried out through a continuous dialogue 
between the theoretical results of different featured models and the experi-
mental results (and therefore of course effected by uncertainties and 
errors) of different NDT techniques. Only in this way was it possible to define 
a scheme
that can be appropriate to represent the mechanical behavior of the histori-
cal structure and to evaluate, with the current parameters, its structural 
safety.

ASSESSMENT OF PORTABLE NEAR INFRARED SPECTROMETER SCIO 
FOR THE STUDY OF CANVAS  PAINTINGS 

Ana Isabel Giraldo Ocampo (1), Stefano Ridolfi (1), and Nicola Schiavon 
(2)

Abstract

This research project aimed to evaluate the performance of the portable 
miniature Near  Infrared spectrometer SCiO (Consumer Physics) in cultural 
heritage materials to determine its  suitability in the field. Despite its good 
performance in areas such as food analysis (Wilson,  Kaur, Allan, Lozama, & 
Bell, 2017)(Kaur, Künnemeyer, & McGlone, 2017)(Wiedemair,  Langore, Gars-
leitner, Dillinger, & Huck, 2019), SCiO was never before tested in heritage  
samples; the same applies to most instruments using the Near Infrared 
range 800-1200 nm, in  which only overtones and combination bands can 
be observed, making the interpretation of  the spectra more complex (Bo-
selli et al., 2009). 
Standards and reproduction samples of pigments, binders and vanishes, as 
well as case studies  on canvas paintings of the Italian artist Lino Piccoli, 
were analyzed using SCiO with the  purpose of comparing the spectra 
obtained and possibly identify the artist´s palette and other  materials used 
in the production of the paintings. 
Employing non-invasive portable techniques, such as SCiO, provides oppor-
tunity for a  broader sample and data collection given that no sample or 
preparation is needed, and the  materials are not destroyed or affected 
when carrying out analyses; also, being a quick  method that permit the 
obtention of data almost immediately, allows to do a fast check of the  
results suitability for interpretation, and better decision making on the 
parameters to be used,  and sample areas to perform further analysis. 
The development and application of scientific approaches to the cultural 
heritage questions is  considered essential for the study of objects, their 
conservation and valorization. Considering the technical difficulties of 
moving and transporting museum objects, along with the invasive  
and/or destructive character of many analytical techniques traditionally 
used, the  implementation of non-invasive protocols of analysis, as well as 
the introduction of novel portable devices into the field, must be contem-
plated as a major contribution to the study and  conservation of cultural 
heritage.

NONINVASIVE EVALUATION OF CULTURAL AND ARCHITECTURAL HERI-
TAGE USING ELECTROMAGNETIC ADAPTIVE SENSORS ARRAY 

Dagmar Faktorova (1), Nicoleta Iftimie (2), Peter Fabo (1), Mihail Liviu 
Craus (2,3), Adriana Savin(2) 

Abstract

Nondestructive testing techniques in the cultural heritage field has advan-
tages in the analysis of monumental objects (i.e., undisturbed, non-contact 
and fast inspection of large surfaces) and its continuous evolution in both 
the acquisition and the processing of the data acquired. Architectural heri-
tage, i.e., antique buildings and small architecture are affected by many 
degradation processes of varied course, dependent on characteristics of 
used materials as well as the object’s age, working conditions and random 
events (Markiewicz, 2019). Nowadays monumental objects create the 
important part of the cultural heritage, so it is essential to perform structu-
ral health monitoring analysis for preservation (Cardani, 2020). The exten-
sion of the research regarding the architectural heritage with MMs (adapti-
ve component elements, metal-dielectric-metal, mesostructured in diffe-
rent 2D arrangements) is of particular interest for the construction of struc-
tures with a refractive index almost zero or negative, new guiding structu-
res waves, arbitrary shaped surfaces with adapted impedances. In agree-
ment with the kinematics of a structure with constraints that is depending 
on the angle in the horizontal plane XY and based on the determination of 
the parameters of the adaptive sensors configuration it was concluded that 
the sensors array containing unit cells must contain an odd number of cells. 
The models designed CAD/CAM will be loaded into the simulator to analy-
ses the characteristics of the experimental devices attached. The sensors 
array with constituent elements of adaptive architecture with symmetrical 
and antisymmetric unit cells will be topologically optimized, establishing 
the opening angle of the cell, the active surface, the geometry of the struc-
ture, starting from the idea that the resonance frequency should be within 
the range of Industrial-Scientific-Medical frequencies.
  

DETERMINATION OF ELASTIC PROPERTIES OF RESONANT SPRUCE TO 
REACH PATRIMONY VIOLINS PERFORMANCES 

Rozina Steigman (1), Mariana Domnica Stanciu (2), Adriana Savin (1) and 
Dagmar Faktorova (3)

Abstract

Currently, most specialists believe that the craft of the violin was the most 
advanced point during the Cremonese luthiers’ period and yet the instru-
ments produced nowadays do not match the classical instruments in their 
expressiveness and design skills. It is still unclear why are most wanted, 
even the musical tendencies are very changing since then.
Researches regarding the high-quality sound production are focused on a 
large range of variables as design and arching edges (Socconi, 1979), plates 
thickness (Loen et al. 2005), varnish layers influences (Schelling, 2007), 
(Schleske,1998), as well as different layout elements. Wood is a natural com-
posite with complex structure and diverse properties according with essen-
ce, water content and testing direction. The nondestructive testing of wood 
and wood-based composites progress with the same trends of manufactu-
ring technologies. 
This paper proposes to determine, using non-destructive methods, the 
elastic properties based on measurements of ultrasound (US) propagation 
speed on the three directions of resonance wood. The mechanical, dynamic 
and acoustic properties of spruce wood for the construction of stringed 
musical instruments are explored from the point of view of anisotropic sys-
tems with different interfaces due to the structure, texture and design of 
the resonance wood.
Resonance Spruce harvested from Carpathian- Danubian- Pontic area, as 
well as multibody systems with complex geometry give to the musical 
instrument its special acoustic qualities. 
The aim of the tests is to evaluate the elastic/acoustic parameters of reso-
nant wood used in the manufacture of Romanian violins in order to reach 
patrimony violins performances in correlation with their structural and 
technological features. 

INSIDE THE HERITAGE: DEVELOPING A TRAINING COURSE IN INSTRU
MENTAL ANALYSIS AND TECHNIQUES  APPLIED TO CULTURAL OBJECTS 
IN INTI.  

Facundo Araujo, Milagros Córdova, Mónica Pinto, Jorge Schneebeli  
jfaraujo@inti.gob.ar

Abstract

The scientific study of artistic and cultural heritage objects have been routi-
nely performed in Latin America and, especially in Argentina for years. 
Analytical techniques have been used for research purposes and conserva-
tion of cultural heritage in our country, and therefore, its practice has 
gained more and more status. In 2014, our federal agency called INTI, esta-
blished the INTI-Restaurar Conservation Program, in order to bridge the 
gap between science and conservation/restoration locally. The main servi-
ces that our Program provides are  scientific analysis for art and cultural 
heritage (characterisation of materials, art expertise,  NDT, paper fibres 
identification, Raman spectroscopy, etc.) and a range of professional  tech-
nical assistance to libraries, archives, art galleries, government institutes 
and museums in  preserving their collections and cultural heritage. 
INTI-Restaurar is comprised of an interdisciplinary group of technicians and 
professionals, such as book and art conservators, librarians, engineers, geo-
logists, chemists, biologists and architects. In 2019, our Program has created 
for the first time in our country, an interdisciplinary training course dedica-
ted and focused entirely in the methodology for the use of instrumental 
analysis and techniques applied to cultural objects.  
This training course combines the theoretical and practical knowledge 
about studies that can be carried out on different materials, the proper use 
and practice of techniques and equipment, and finally, the performances of 
real conservation and study cases, giving its students the  ability and the 
appropriate criteria to solve different problems that may arise.  
The aim of this paper is, firstly, to show the advantages and impacts of this 
training course, and secondly, to illustrate the positive benefits of this trai-
ning within our local community of conservators and professionals working 
with cultural heritage. Finally, another aim of this paper will be to present 
the modules of the upcoming post-graduate academic career in Analytical 
Techniques for Cultural Heritage that we are planning together with the 
Instituto  Materia- UNTREF – University of Tres de Febrero.

THE RADIOGRAPHY IN THE SERVICE OF THE PRESERVATION OF THE 
MOROCCAN HISTORICAL HERITAGE  

R. Alami (1), A. Bensitel (1), and K. Bourchouk (2)

Abstract

Moroccan historical heritage is extremely rich and varied. The history more 
than millennium of Morocco bequeathed us objects of the heritage going 
of the prehistoric and antique Art to the Amazigh and Arab-Islamic art by 
way of Greco-Roman period. Numerous objects of the Moroccan heritage 
suffer from a doubtful state of preservation, even critical in certain cases.
It is consequently indispensable to develop and to apply techniques of exa-
mination, characterization and analysis of the oeuvres of art of the Moroc-
can cultural heritage, constituent materials of these works, to know the me-
chanisms of their elaboration, their evolution and/or degradation and esta-
blish recommendations with the aim of their restoration and of their pre-
servation. For that purpose, we privilege the non-destructive methods, 
without contact (when possible), without sampling. Among these me-
thods, some make use of X-rays and the X-rays fluorescence. These me-
thods, the only ones or associated with other techniques, are applied to very 
diverse works and materials of all kinds, any origin and any age.
The application of X-ray radiography in numerous pieces of the Archaeolo-
gical Museum of Rabat, in particular the statue of Ptolémée (marble), a 
Roman ceremonial helmet (bronze), a pyxidium with relief (bone) so 
allowed:
• To estimate the area and the extent of the damages undergone by these 
objects;
• To contribute to a better knowledge of the techniques of manufacturing 
by the artists having realized these works, as well as the previous restora-
tions made on the studied pieces;
• The assistance-advice for the benefit of the curators and the restorers for 
the establishment of specific methodologies of restoration to every type of 
object. 
The radiography also allows the contribution to the establishment of detai-
led identification sheets of valuable museum pieces, particularly those 
being often the object of loans between museums.

INFRARED THERMOGRAPHY IN THE PRESERVATION OF CULTURAL HE-
RITAGE: KNOWLEDGE, DIAGNOSIS AND CHECK
 
Monica Volinia
monica.volinia@polito.it

Abstract

To study the Cultural Heritage for a conservation purpose means trying to 
find all the information in  order to better know the subject of our investiga-
tions by direct and indirect analysis. Among these  latter, non-destructive 
testing techniques, which allow acquiring data without damaging the 
matter  of the good itself, are used to analyse in situ the state of building 
preservation and to detect flaws in  the structures. 
In particular, Infrared thermography (T/IR) can be useful inserted in all the 
different phases of the Cultural Heritage knowledge and protection proces-
ses: anamnesis, diagnosis, monitoring and check.  In these phases, the 
infrared survey can give useful information in writing restoration/conserva-
tion projects, and this in a global way and without contact with the analy-
sed surfaces, as compared to other non-destructive testing 
techniques. 
The considerations in the proposed paper have come from the experience 
gained in 25 years of  activity in the Laboratory of non-destructive diagnos
tic, Turin Polytechnic. Thus, through the  presentation of some case studies, 
it is possible to trace several fields of T/IR applications: from the  activity in 
support of historical research to technological surveys; from the diagnostic 
analysis to  check new materials compatibility in restoration works, up to 
the control of conservation  intervention effectiveness. 
The hope is to spread the NDT culture in the conservation process through 
the massive use of T/IR and other testing techniques on the historical and 
contemporary heritage waiting for requalification first, and secondly in the 
post-intervention monitoring. The final aim is on one hand to work in order 
of preservation priority and on the other to draft ordinary maintenance pro-
cedures.

ART´21 ABSTRACTS

STUDY BY NDTS OF THE AFFECTATION OF ADHESION IN CERAMIC 
PIECES ON THE FACADE AND HOW IT  AFFECTS THE THERMAL SEALING 
OF THE ENVELOPE IN A UNIQUE PROTECTED BUILDING 

Abel Domato Jayo

abeldomato@gmail.com

Abstract

The Sant Ildefons CAP is a singular building designed by the Architect 
Josep Emili Donato i Folch in 1991. One of the most singular tips of the buil-
ding is the design of the facade and the material used, ceramic pieces. The 
design wants to combine a typical Mediterranean construction material for 
facades with a modern structural disposal.  
This building is situated in Cornellà de Llobregat, Barcelona. The zone is 
near the sea and the climate conditions is a Mediterranean climate with 
high humidity level and a big gradient day of temperatures in spring and 
autumn. That date is very important for understand the comportment of 
the fastening mechanism for the pieces in the last 30 years. The use of the 
building is as Public Medical Center for the village.
The main problem is the fall of some pieces because the mortar is disinte-
grated for the action of the weather and the temperature and humidity 
mechanism in the last 30 years. 
The solution purposed is based in analyze all the facade surfaces piece to 
piece. The COVID situation made that the building is very important and a 
critical infrastructure where a lot of people visit every day. That point is 
important to determine the way to inspect all the structure, it has to be fast 
and using nondestructive techniques.  
In that jobs we have used thermography analysis for determine the com-
portment of the pieces.  We have observed the façade in the period of Mar-
ch/April, when the gradient of temperatures by day is very high and we take 
the measures when the sun is going down and the pieces  begin to get 
cold. Additionally we have used Visual Inspection using a drone, the objecti-
ve is to determine which pieces or zones are in worst conditions and their 
position. 
The next step was to confirm the thermographic study making a hammer 
test in the different zones. The last test was to make a pull out test in some 
pieces, measuring the tension force in different zones. Finally with all the 
results we could make a map of affected zones. In this map we have defi-
ned the emergency level of every zone and how to actuate for the correct 
maintenance of  the building.Now we have stablished a system for the 
future, measuring with the thermographic camera  every year in the same 
period of the year for compare the evolution of the mortar every year  and 
improve a predictive maintenance of the building.

Assessment of historical monuments using gamma rays ....................................................................... 21
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A NON-DESTRUCTIVE MULTI-ANALYTICAL PROTOCOL FOR THE CHA-
RACTERISATION OF NON-HOMOGENEOUS SAMPLES 

Giulia Marcucci (1), Antonella Scherillo (2), Carlo Cazzaniga (2), Quentin 
Lemasson (3;4), Roberto Lorenzi (5), Massimiliano Clemenza (1), Maria 
Pia Riccardi (6), and Daniela Di Martino (1) 
g.marcucci1@campus.unimib.it

Abstract

 We present a completely non-destructive multi-analytical study of histori-
cal mosaic glasses by combining different non-destructive techniques.  
This protocol aims to achieve an in-depth characterization of the glass 
matrix composition, which cannot be considered homogeneous due to the 
presence of mineralogical phases and chromophores ions modifying the 
starting glass structure. Therefore, depending on the areas examined, diffe-
rent results could be obtained due to the different spatial distribution of the 
modifying ions and phases.
Several non-destructive techniques have been applied, characterized by 
different range sizes, like Particle Induced X-ray Emission (PIXE), Particle 
Induced Gamma-ray Emission (PIGE), micro-Raman spectroscopy, Neutron 
Resonance Capture Analysis (NRCA) and Neutron Activation Analysis (NAA).
The information obtained through the combination of surface analyses 
(PIXE/PIGE and micro-Raman spectroscopy) with bulk ones (NRCA and 
NAA) highlight that a single technique is not adequate for an in-depth 
study of inhomogeneous samples like the mosaic tesserae as each techni-
que returns different information and has different strengths and limita-
tions. The heterogeneity of the glass matrix is highlighted by the PIXE/PIGE 
and Raman spectroscopy results. Ion beam PIXE/PIGE analyses provided 
quantitative compositional information in terms of a wide range of oxides 
and elements (Z>11) but it is not always representative of the whole bulk of 
the specimens, while NAA provided quantitative elemental composition of 
the bulk but not all elements can be detected depending on several factors, 
among which the neutron capture cross-sections. Major features of the 
non-destructive techniques applied for the characterization of the mosaic 
tesserae will be presented.

THZ TIME-DOMAIN IMAGING OF THE "CROCIFISSIONE DI CRISTO" BY 
DONATO MONTORFANO

Kaori Fukunaga(1) , Iwao Hosako(1), Michela Palazzo(2), Lorenza Da-
ll'Aglio(2), Fabio Aramini(3), Costanza Cucci(4), Marcello Picollo(4)
kaori@nict.go.jp

Abstract

THz imaging can potentially be considered useful in cultural heritage scien-
ce research field for nondestructive internal structure observation. There 
are various case studies of easel paintings that reveal the internal structures 
that can be studied for future conservation planning. There are also exam-
ples of measurements on wall paintings, such as of the depth of cracks visi-
ble on the surface in "Annunciazione" of Beato Angelico, and observation of 
the layered structure of the Last Supper by Leonardo da Vinci.
THz time domain imaging system was applied on two areas of 220 mm x 
300 mm each, on the surface of the buon fresco painting "Crocifissione di 
Cristo" by Donato Montorfano, revealing many irregularities on the surface. 
For example, a woman's face appears to be lost or painted over. A cross sec-
tion of the area where the missing face was expected to appear clearly 
shows that the surface had been scraped in U-shape, then filled with ano-
ther mortar suggesting the filling process of this part from the depth of 
approximately 4 mm to the surface. In another uneven area, discontinuous 
preparation layers were recognized, suggesting that a new layer was added 
on the original painting. Since a face painted between two saints corres-
ponds to one of the discontinuous preparation layers, it can be concluded 
that the intention of the artist was to add the face later.
These results suggest that THz imaging can provide useful information for 
understanding the history of Montorfano’s work.

iMAGE QUALITY INDICATORS (IQI) AND REFERENCE STANDARDS FOR 
RADIOGRAPHY TEST OF WOOD  SCULPTURES

Jorge Schneebel (1), Pablo Gonzalez Taboas (2), and Leonardo Gullotto 
(3) 
schneebeli@inti.gob.ar

Abstract

In the field of industrial applications of the radiography test method, it is 
necessary to have references in order to be able to establish the level of sen-
sitivity of each test. These image quality indicators (IQI) are essential to 
determine the ability to detect discontinuities.  
On the other hand, specific exposure diagrams are available in order to 
calculate the test parameters depending on the material involved. For this, 
references with controlled dimensions are also used Extended abstract 
should be prepared using this template.  
The objectives of this work were to develop reference standards both to 
establish sensitivity for various types of wood used in sculptures and to pro-
perly validate them. Also from manufactured patterns, we seek to develop 
specific exposure diagrams for various materials and types of radiographic 
film. Also for application in digital radiography techniques.  
References were searched and antecedents of types of wood used in sculp-
tures were analyzed, in order to work with the same type in the develop-
ment of the patterns.  
Different types of image quality indicators were evaluated as well as combi-
nations of materials in order to also be able to have references regarding 
the variety of anchors and links used in wooden sculptures.  
As a result of this work, reference standards and indicators with adequate 
behavior could be developed.  It is proposed for future work to expand the 
variety of material contemplated.

AUTHENTICITY BEYOND MATERIALITY 

Gustavo Perino *(1), Alejandra Leyba (1) and Melanie R. Bairo (1) 
gustavo.perino@givoa.com.ar

Abstract

In October 2020, a private individual asked our art consultancy to authenti-
cate an oil painting attributed to renowned Argentinean artist Lino Eneas 
Spilimbergo. The artwork, titled “Paisaje de San Juan” (undated, painted 
over hemp, which measures 108,5x87cm and a 2,5cm Seurat wooden frame 
with double wedge), was signed “Spilimbergo” and had been rejected over 
several opportunities by “experts”. Many times, this rejection occurred after 
evaluating a simple photograph of the painting.
The artwork had undergone major restoration work and had irreversible 
damages. The owner of the artwork declared that these damages were the 
product of inadequate handling at an auction house. The artwork was kept 
rolled and, consequently, the paint layer had cracked and shows vertical 
lines. Beyond the challenges this artwork presented thanks to its material 
damage, it was decided to initiate an interdisciplinary and academic 
authentication process.
This process included a contextual historical analysis with the participation 
of several public museums and the aid of art historians. The art authentica-
tors made use of all the nnoisseurship techniques verifying the stylistic, 
linguistic, and technical parameters. The artwork’s signature was studied 
by the team’s documents examineers while the study of the material fac-
tors was further examined by the National Institute of Industrial Technolo-
gy, who identified the pigments and its dating.
The conclusion of the contextual parameters matched the life and produc-
tion of the artist but offered little more than a simple hypothesis. On the 
other hand, the technical parameters did confirm correspondences 
between the artwork and the production of the artist Spilimbergo. The 
study of the technical aspects, using imaging tests and the calligraphic 
analysis of the signature, was key to confirm the authorship. These aspects 
showed a technical workmanship that matched that of the witness artwor-
ks: From the colour palette to the spacial hierarchy of the elements and the 
artist’s style. The calligraphic study of the signature provided an affirmative 
confirmation that the signature within the artwork matched those from 
the graphic patrimony that was analyzed. The scientific parameter (Raman 
spectrometry, SEM-EDAX analysis, and microscopic analysis) confirmed 
that the materials belonged to the mid-twentieth century and matched 
those used regularly by the artist.
It is concluded that this authentication is an example of multidisciplinary 
work where several professions worked in an interdisciplinary manner, pre-
senting strong proof of an artwork’s authenticity. With this research, the 
artwork was historically restituted and inserted within the patrimonial heri
tage of the artist.

ANÁLISIS DE MEDICIONES DE RESISTIVIDAD EN HORMIGONES REFOR-
ZADOS CON FIBRAS

E. D Gomez (1,2); R. Zerbino (3,4,5) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de rmaduras - Resistividad del hormigón - Hormigones reforza-
dos con fibras

Texto

La resistividad del hormigón es un parámetro que indica variaciones en el 
contenido de humedad de un material cementiceo. En términos de corro-
sión de armaduras su registro puede utilizarse como un indicador de sus-
ceptibilidad de deterioro. Diferentes dispositivos y equipos comerciales 
utilizan técnicas de corriente alterna para establecer la resistividad del hor-
migón. En elementos estructurales dañados por corrosión, que presentan 
vulnerabilidad en el diseño de su sección, se pueden realizar refuerzos o 
remplazos de recubrimientos utilizando HRF como estrategia de reparacio-
nes o extensiones de vida. En presencia de fibras metálicas, el registro de la 
resistividad del hormigón con técnicas de corriente alterna es subvalorado, 
por la conductividad de las fibras, siendo necesario establecer factores de 
corrección para valores obtenidos con equipos comerciales diseñados para 
ser utilizados en hormigones convencionales. Con el fin de establecer crite-
rios de medición precisos, se planteó un programa experimental con ele-
mentos de HRF y se realizaron mediciones utilizando un equipo comercial 
y sensores desarrollados para monitorear la corrosión.  Los resultados mos-
traron que las mediciones realizadas con el equipo comercial requieren un 
factor de corrección. A su vez, se realizaron barridos de frecuencias utilizan-
do el sensor y se estableció que utilizando frecuencias de 1Hz se obtienen 
registros más precisos de resistividad en hormigones reforzados con fibras 
metálicas. No se observó influencia significativa del contenido de fibras en 
los resultados.

ESTRUCTURAS DE HORMIGÓN ARMADO DAÑADAS DEBIDO A CORRO-
SIÓN POR CARBONATACIÓN. ESTRATEGIAS PARA LA EVALUACIÓN Y EL 
MONITOREO DE LAS REPARACIONES MEDIANTE LA UTILIZACIÓN DE 
SENSORES.

E. D. Gomez (1,2), J. I. Carricondo (1,2), S. B. Farina (1,3) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de armaduras - Modelos de vida - Sensores de corrosión

Texto

Cuando el hormigón que protege a las armaduras de elementos estructu-
rales se carbonata se inicia un proceso de corrosión generalizada que tiene 
como consecuencia la reducción de la sección y la acumulación de produc-
tos de corrosión. Sin embargo, en ambientes poco húmedos el proceso de 
deterioro se desarrolla lentamente, pudiendo pasar décadas antes de pro-
ducirse perdidas de sección significativas o evidenciar algún daño en el 
recubrimiento por la acumulación de productos de corrosión. En general, 
en elementos estructurales donde la corrosión por carbonatación se desa-
rrolla, el fin de la vida útil está asociado a la aparición de fisuras o desprendi-
mientos en el recubrimiento. La vulnerabilidad de un elemento a manifes-
tar patologías está asociada a aspectos de diseño y constructivos como la 
relación “diámetro de armadura - espesor de recubrimiento” y la calidad del 
material cementiceo. Además de significar un deterioro estético, la apari-
ción de patologías, como fisuras y desprendimientos, favorece el desarrollo 
acelerado del deterioro por corrosión, siendo necesario realizar intervencio-
nes para garantizar la seguridad durante la vida de servicio remanente. En 
este trabajo se proponen estrategias para evaluar reparaciones en estructu-
ras dañadas por corrosión inducida por carbonatación y monitorear la vida 
residual de elementos estructurales mediante el uso de sensores adapta-
dos. Se presentan resultados de trabajos experimentales realizados para la 
adaptación de sensores para su utilización en elementos con geometría 
plana y en reparaciones hechas con materiales cementiceos especiales.

DESARROLLO DE UN MEDIDOR DE ESPESORES DE RECUBRIMIENTOS

Marcelo Gutiérrez, Javier Fava, Rodrigo Romero, Juan Vorobioff y Fede-
rico Checozzi
javier.fava@hotmail.com
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Texto

Es conocida la amplia utilización de medidores de recubrimientos, tanto en 
diferentes industrias como en laboratorios de investigación y desarrollo. 
Generalmente, estos equipos se fabrican para realizar mediciones sobre un 
número limitado de pares substrato-recubrimiento, reduciendo el rango de 
aplicaciones. Disponer de un equipo de desarrollo propio, ampliará los atri-
butos no contemplados en los equipos comerciales.
Se desarrolló un medidor de espesores que aplica el método de corrientes 
inducidas. En la etapa actual del desarrollo se midieron espesores de recu-
brimientos no conductores sobre sustratos no ferromagnéticos. Parte del 
circuito del medidor está compuesto de un oscilador Colpittts. La impedan-
cia del conjunto se modifica según el lift-off, y esto genera cambios en la 
frecuencia de resonancia. La curva de calibración del sistema se determina 
a través de la variación de la frecuencia de resonancia en función del lift-off. 
El sistema se probó con espesores entre 25 y 905 micrones sobre aluminio 
6061 y sobre Zry-4; obteniéndose resultados muy satisfactorios. 
Se presentarán los desarrollos logrados y los resultados obtenidos. También 
se discutirá la posible aplicación sobre materiales ferromagnéticos y en 
situaciones donde se tenga que extender la longitud de los cables.

ESTUDIO MAGNÉTICO DE LA TRANSFORMACIÓN INDUCIDA POR DE-
FORMACIÓN EN FRÍO EN ACEROS INOXIDABLES AUSTENÍTICOS

Miriam Rocío Neyra Astudillo (1), Cristina Spinosa (3),  Mónica Landau (3),  
Guido Ferrari (2), Martin Gómez (1) 
mneyrast@gmail.com
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Texto

La fase austenita-γ en los aceros inoxidables austeníticos es metaestable. 
Cuando es deformada en frío puede transformarse parcialmente a marten-
sita- �´ ferromagnética. la cantidad de α’ formada depende de la composi-
ción química del acero, de la temperatura del proceso y de la deformación 
aplicada. A partir de tratamientos térmicos por encima de la temperatura 
de inicio de la Austenita AS, la estructura austenítica puede ser recuperada. 
El Ruido Magnético Barkhausen (RMB) y la Emisión Magneto Acústica 
(EMA), son técnicas magnéticas muy sensibles a la microestructura, a las 
tensiones residuales y a la deformación de los materiales ferromagnéticos. 
Cuando se somete un material ferromagnético a un campo magnético 
oscilante producido por una corriente eléctrica cuya amplitud varía lenta-
mente de manera cíclica, se produce en el material excitado el movimiento 
de las Paredes de los Dominios Magnéticos que origina el RMB.  Se originan 
principalmente dos respuestas tipo ruido que se propagan de manera 
ondulatoria, una magnética (RMB) detectable con una bobina colectora 
sobre la superficie del material y otra elástica que puede detectarse colo-
cando un sensor de emisión acústica (EMA). En este trabajo se evalúa me-
diante RMB y EMA para evaluar el contenido de martensita �’ en diferentes 
muestras de aceros inoxidables austeníticos deformadas por laminación en 
frío y tratadas térmicamente para revertir a austenita. En las mismas no se 
ha completado la austenización y por ello presentan ambas fases y un com-
portamiento magnético, el cual decrece a medida que la fracción de la fase 
� aumenta para los Tratamientos Térmicos (TT) de mayor temperatura. Se 
hizo un análisis temporal y frecuencial de las señales y se calculó su valor 
RMS. Se observó que el RMB y EMA disminuyen con el menor contenido de 
martensita �’ para materiales sometidos a TT de mayor temperatura. La 
cantidad de martensita también se midió con un ferrideltímetro comercial 
que reveló una concordancia con los resultados obtenidos con los métodos 
magnéticos. El RMB y la EMA mostraron ser técnicas eficaces en la detec-
ción de la presencia de martensita.

EMISIÓN ACÚSTICA Y EVOLUCIÓN DE DAÑO EN VIGAS DE HORMIGÓN 
ARMADO SOMETIDAS A CARGA CÍCLICA

Hernán Xargay (1,2) Marianela Ripani (2,3)
hernanxargay@gmail.com
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Texto

En este trabajo se presentan los resultados de ensayos a rotura de vigas de 
hormigón armado, monitoreadas continuamente con el método de Emi-
sión Acústica (EA). Se diseñaron dos disposiciones diferentes de armaduras 
de refuerzo, con o sin estribos, para obtener modos de falla por flexión o 
corte, respectivamente. Además, algunas de las vigas fueron reforzadas adi-
cionalmente con fibras de acero en la mezcla de hormigón. Se aplicó un 
procedimiento de carga caracterizado por varios ciclos de amplitud cre-
ciente hasta alcanzar la capacidad máxima de las vigas. Se presentan y 
comparan los comportamientos de falla de las vigas y la aptitud de cuatro 
índices basados en EA para evaluar su nivel de daño. La incorporación de 
fibras de acero mejoró la resistencia al corte al restringir el desarrollo de 
fisuras inclinadas en la viga sin estribos. Finalmente, se puede concluir que 
los índices EA mostraron en todos los casos una buena correlación con el 
inicio y el progreso de la fisuración.

INSPECCIÓN DE ÁLABES DE TURBINA IN-SITU

Jose Brizuela(1); Joaquín Fernández Bugna(2); Javier Podetti(3); Claudio 
Ziobrowski(4); Carlos Desimone(5)
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Texto

Las centrales eléctricas utilizan turbinas de vapor para extraer el máximo 
potencial al calor del vapor producido en un reactor nuclear, caldera de 
carbón o calderas de recuperación de calor de turbina de gas, etc. En gene-
ral, las turbinas de vapor están construidas con filas de álabes aerodinámi-
cos (etapas) montados radialmente que van presentando gradualmente 
mayor longitud radial desde la primera fila (a la entrada del vapor) hasta la 
última fila de la salida, correspondiente a la etapa de baja presión (LSB). Las 
condiciones de operación de las turbinas siempre son complejas y varia-
bles, por lo tanto, los álabes del rotor LSB requieren de un exhaustivo con-
trol de su integridad para garantizar la seguridad operacional del sistema. 
Este trabajo presenta brevemente una serie de estudios elaborados para 
lograr una estrategia eficiente de inspección a manera de poder evaluar los 
álabes de la última etapa de baja presión (L0) durante las paradas de man-
tenimiento programado. Con este objetivo se realizaron cálculos mediante 
el método de elementos finitos (FEM) sobre las zonas críticas de los alabes 
L0, a fin de determinar los sitios de iniciación de fisuras, como así también, 
el tamaño de fisura crítica. Luego, en función del crecimiento de ésta, se 
estableció el intervalo de inspección, en condiciones estables de operación. 
A partir de estos resultados se determinaron los métodos de Ensayos No 
Destructivos (END) más eficientes para ser aplicados in-situ. En particular, 
se describe el proceso de inspección diseñado para evaluar la integridad de 
las raíces de los álabes, que se realizó mediante la tecnología de phased 
array (PAUT) y partículas magnetizables (PM).

REPARACIÓN DE UNA COLUMNA DE PRESIÓN ANTE LA EJECUCIÓN DE 
UNA ABERTURA EN EL CUERPO CILÍNDRICO, DEBIDO AL RECAMBIO DE 
INTERNOS

Héctor Sanzi
tecsaing@tecsaing.com.ar
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Texto

Ante el recambio de internos de gran tamaño en una columna de proceso 
instalada en una planta industrial, es de práctica habitual la ejecución de 
una abertura sobre el cuerpo de presión, con el objeto de realizar los traba-
jos necesarios para llevar a cabo los cortes y posterior reparación.
Es importante bajo esta situación, además de analizar el procedimiento de 
corte y reparación y contar con la logística necesaria, llevar a cabo un minu-
cioso estudio de integridad para asegurar y evitar posibles deformaciones 
durante dicho procedimiento o posteriores, una vez que el componente ya 
se encuentra en operación.
Si bien durante el trabajo de corte, el recipiente se encuentra sin presión 
interior, los estados de carga de peso propio, viento y/o sismo, como así 
también el aporte de calor consecuencia del procedimiento de soldadura 
seleccionado, pueden afectar la integridad estructural del mismo, alcan-
zando deformaciones inadmisibles que imposibiliten su reparación poste-
rior, involucrando un costo adicional, al menos, no contemplado en la etapa 
inicial. Ante esta situación, es importante analizar a través de un estudio de 
integridad estructural, la necesidad de colocar rigidizadores adicionales 
para evitar deformaciones durante el proceso de corte.
Este tipo de requerimiento se realiza cuando el componente ya cuenta con 
una cierta cantidad de años en servicio, en donde la degradación por corro-
sión u otros mecanismos de falla y el estado general del material, particular-
mente si opera a baja o alta temperatura, entre otros, pueden afectar o limi-
tar dicho estudio de integridad.
Para llevar a cabo un estudio completo de integridad, es fundamental 
contar con toda la documentación técnica que asegurar un resultado satis-
factorio. Así las Prácticas Recomendadas API 579 presentan, en función de 
la documentación existente, una clasificación en cuanto al tipo de análisis a 
utilizar, identificando diferentes Niveles de Evaluación para encarar el estu-
dio de integridad.  En este trabajo, a partir de un modelo de elementos fini-
tos tridimensional, se presenta un procedimiento de reparación y evalua-
ción de una columna de presión que se encuentra en servicio y donde se 
debe realizar un recambio de internos, haciendo necesario la ejecución de 
una abertura de 2 mts x 3 mts, sobre el cuerpo cilíndrico. Se mencionan las 
tareas adicionales necesarias de END que deberán ser realizadas para ase
gurar un trabajo seguro y que complementan al estudio de integridad.

CHARACTERIZATION OF OLD CONCRETE STRUCTURES

Ing. Sebastián Laprida (1), Teresita Frigerio(2), Joaquín Boselli(2),  Lic. 
Marcelo Ruffolo(2), and Dr. Mario Mariscotti(2)
slaprida@suringeniería.com

Abstract

For those professionals who have to deal with old buildings or structures, 
one of the problems usually encountered is the lack of data about the 
design and construction. In such situations, nondestructive testng is a 
powerful – and sometime irreplaceable - tool to to gain knowledge of the 
construction, and conservation of the structures. In this presentation, we 
shall give an example of the use of hybrid techniques to characterize and 
evaluate the concrete strength and durability and to determine the type, 
position, size and amount of steel reinforcement, applied to the study of an 
iconic building in Buenos Aires city; one of the first high rise concrete struc-
tures in Argentina and perhaps in Latin America.

CONTROL DE CALIDAD MEDIANTE END DE LA COLOCACIÓN DE FRP 
EN ESTRUCTURAS DE HORMIGÓN ARMADo

Marcelo Guzmán- Gustavo Palazzo - Victor Roldan 
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Palabras clave

Refuerzo-Rehabilitación, FRP, Colocación, Control de calidad, END

Texto

Las estructuras existentes pueden requerir una rehabilitación o refuerzo 
estructural debido a un cambio de destino o adecuación a un nuevo regla-
mento, o también cuando se encuentran en ellas deficiencias o patologías. 
Entre las diversas estrategias de refuerzo y rehabilitación se tiene los polí-
meros reforzados con fibra (FRP por su denominación en inglés). En gene-
ral, el FRP se presenta en forma de pletinas o tejidos que se adhieren a 
estructuras de acero, madera u hormigón armado (H°A°), a efectos de 
aumentar la resistencia de diseño de elementos estructurales, o para lograr 
un aumento en el confinamiento y la ductilidad en sectores de estructuras 
de H°A°. Se observa entonces que la adherencia entre el FRP y la superficie 
donde se coloca es de fundamental importancia. Para asegurar esa adhe-
rencia los reglamentos establecen procedimientos antes, durante y con 
posterioridad a la colocación de este refuerzo. Estos procedimientos tienen 
que ver con técnicas de ensayos no destructivas (END), así como también, 
con otras técnicas mínimamente invasivas a las que también se las podría 
considerar como END. Este trabajo tiene por objeto analizar esos requeri-
mientos para estructuras de H°A°, y mostrar la implementación de las técni-
cas antes comentadas que se han llevado a cabo en obras de Argentina. En 
la primera parte del trabajo se establecen los requerimientos que normas 
americanas y europeas establecen para la aplicación de FRP. Luego se des-
criben las características de obras en Argentina donde se ha implementado 
esta estrategia de refuerzo/rehabilitación. En la tercera parte se detalla el 
proceso de evaluación de adherencia implementado en ellas, así como el 
estudio de los resultados obtenidos. En las conclusiones se resaltan los 
aspectos fundamentales que deben considerarse en el proceso de asegura-
miento de la calidad de colocación del FRP, así como los criterios de acepta-
ción en cada etapa de ese proceso.

TERMOGRAFÍA COMO HERRAMIENTA DE DIAGNÓSTICO EN OBRAS CIVI-
LES Y BIENES CULTURALES.
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Texto

Las herramientas utilizadas para la evaluación del estado de los bienes 
inmuebles nos brindan información valiosa para prevenir y/o reconocer pro-
blemáticas, o bien para identificar características constructivas de los 
mismos. Consideramos que es importante alcanzar un pre-diagnóstico 
utilizando los recursos y equipamientos pertinentes a los escenarios que se 
nos presentan. La utilización de la termografía como herramienta que nos 
permite alcanzar nuestros objetivos en cuanto al estudio de estos bienes de 
una forma no invasiva. Entre las distintas aplicaciones dentro de las obras 
civiles la termografía nos puede dar la posibilidad de reconocer sistemas 
constructivos, modificaciones o adhesiones en los mismos, evaluar filtra-
ciones en instalaciones sanitarias y/o infiltraciones de agua en la envolvente 
del edificio, posibles puentes térmicos o pérdidas de calor en cerramientos, 
como también prevenir deficiencias en el sistema eléctrico. 
La posibilidad de utilizar esta técnica de estudio la posiciona como herra-
mienta valiosa en toda obra civil y especialmente en bienes con valor patri-
monial. Sabemos de la importancia y de la responsabilidad que implica 
intervenir en estos edificios históricos, por lo tanto, la metodología menos 
invasiva es fundamental para conservar la integridad y la identidad de 
nuestras huellas históricas y culturales.

DESARROLLO DE UN EQUIPO MODULAR DE BAJO COSTO PARA LA CA-
RACTERIZACIÓN DE MATERIALES Y PROCESOS UTILIZANDO LA TÉCNI-
CA INTERFEROMÉTRICA OCT (TOMOGRAFÍA DE COHERENCIA ÓPTICA) 
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Texto

El objetivo central del trabajo es el presentar un equipo modular industrial 
de bajo costo utilizando la técnica interferometría de baja coherencia OCT 
(tomografía de coherencia óptica) para la caracterización de materiales y 
procesos. La técnica es no destructiva y sin contacto, permite determinar 
topografías y tomografías con un rango de 2 mm de espesor o profundidad 
y áreas en el orden del cm2 con una resolución espacial inferior al micrón. El 
equipo tiene un diseño modular con un enfoque en aplicaciones para con-
trol de calidad y monitoreo de procesos de producción en tiempo real e “in 
situ”. La medición se efectúa iluminando uno o varios puntos de la muestra 
y analizando las reflexiones con un código de procesamiento de señal. La 
técnica permite caracterizar procesos de cristalización, polimerización, 
secado de pinturas, lograr tomografías en muestras multicapa semitrans-
parentes y topografías en muestras opacas como metal. Se presentan 
resultados de diferentes caracterizaciones: espesores de recubrimientos 
(laca sobre tejido de fibra de carbono), rugosidad superficial (piezas metáli-
cas con diferentes mecanizados) entre las aplicaciones más destacadas.

UTILIZACIÓN DE LA EMISIÓN ACÚSTICA PARA EVALUACIÓN DEL 
DAÑOEN MATERIALES COMPUESTOS LAMINARES HÍBRIDOS

Guido Ferrari 1, Martín Gómez 1,2
guicferrari@gmail.com
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Texto

La Emisión Acústica (EA) es una técnica de END ampliamente utilizada 
para el estudio de materiales compuestos dado que permite obtener infor-
mación de las fuentes que generan esta la emisión que suelen estar relacio-
nadas con defectos y fallas del material. Habitualmente se puede asociar el 
nivel de EA con la intensidad de la solicitación mecánica del material anali-
zando las cargas críticas sobre este antes de llegar a la rotura del compo-
nente y además, contando con un número suficiente de sensores, se 
pueden posicionar las fuentes que emiten dicha información ultrasónica 
para su posterior individualización y análisis. 
En el presente trabajo se ensayaron probetas de material compuesto lami-
nar híbrido (fibra de carbono – fibra de vidrio – resina polimérica) las cuales 
fueron construidas de manera tal de tener discontinuidades en el multila-
minado simulando defectos de fabricación tendientes a disminuir la resis-
tencia estructural del material. En la experimentación se estudiaron probe-
tas que fueron solicitadas mecánicamente a la flexión en ensayos de tres 
puntos. Durante los ensayos se midió la EA con 4 sensores piezoeléctricos 
para detectar y posicionar las fuentes de EA dentro del material. Adicional-
mente se digitalizó la carga de flexión de manera simultánea con la EA. Se 
estudiaron los parámetros de EA Amplitud, número de cuentas y energía 
MARSE principalmente. Se midió la velocidad de propagación de las ondas 
elásticas para el material y analizando los tiempos de vuelo hasta los 4 sen-
sores para cada evento se pudo establecer la posición de los defectos y la 
carga mecánica a la cual emiten EA. Luego de un filtrado en amplitud y del 
post procesamiento de la información a partir de las cuentas y la energía 
acumulada, los resultados permitieron asociar el nivel de carga mecánica, 
con las zonas de alta emisión y los defectos macroscópicos producidos 
durante la fabricación de las piezas.

OBSERVATORIO DE END EN ARGENTINA, UNA HERRAMIENTA PARA 
IMPULSAR EL SECTOR

Virginia Kuklis, Sabrina Accorinti, Ignacio Fraile, Pablo González Táboas, 
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Texto

La disciplina de Ensayos No Destructivos en Argentina mantiene su creci-
miento a través de los años como así también su dinámica particular, que 
impacta transversalmente en varios rubros de la actividad industrial del 
país.
Hoy en día se trata de un ámbito que involucra una gran diversidad de acto-
res, tanto nacionales como internacionales que se relacionan entre sí de 
distintas maneras. Entre ellos podemos identificar, a modo de ejemplo, 
organismos de regulación, asociaciones civiles, empresas que prestan ser-
vicios, empresas que los demandan e instituciones académicas. 
En este escenario tan complejo, el desafío que se plantea es potenciar, arti-
cular y complementar las capacidades del sector de los END de manera de 
generar más fuentes de trabajo y mejorar la eficiencia de la industria nacio-
nal, y plantear su rol estratégico en aspectos de seguridad pública.
En este sentido, a partir de la vinculación estratégica entre Organismos 
públicos y privados, como ser el INTI y CEENDRA, surgió el interés en la 
creación de un Observatorio del sector de los END en Argentina, que fun-
cione de referencia para el sector. 
En este trabajo se presentará el camino recorrido por las instituciones, un 
mapa del sector de los END, los objetivos y antecedentes del Observatorio y 
sus potencialidades. Se expondrá también la experiencia de INTI-Mecánica 
en el trabajo con otros sectores industriales, su relevamiento de empresas 
de END y el trabajo que viene realizando la Cámara empresaria en este sen-
tido.

APLICACIÓN DE EXTENSOMETRÍA EN ENSAYOS DE PANDEO SOBRE 
COMPONENTES NUCLEARES
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Texto

Se presentan los resultados de una serie de ensayos de pandeo realizados 
sobre uno de los componentes internos de un reactor PHWR. Los mismos 
se llevaron a cabo para caracterizar una condición del sistema en la cual se 
producen dilataciones diferenciales de la vasija del reactor. Esta carga 
térmica, en conjunto con una condición de vínculo especial, provoca una 
solicitación mecánica del componente durante la parada del reactor no 
prevista en el diseño. Por lo tanto, a fin de determinar el estado de tensio-
nes en esta situación, se construyó un dispositivo (mock-up) que permita 
reproducir las condiciones de pandeo sobre el componente de manera de 
relevar las fuerzas y el desplazamiento resultante. Adicionalmente a las me-
diciones de cargas y flechas de pandeo, se colocaron un conjunto de exten-
sómetros en las zonas más comprometidas a fin de obtener el estado de 
deformaciones y tensiones resultante. Con los datos provenientes de los 
ensayos realizados se confeccionó un modelo de elementos finitos no lineal 
del sistema y se validaron los resultados del mismo. Esto permitió hallar el 
estado de concentración de tensiones en otras zonas del conjunto a fin de 
obtener el margen de seguridad del componente ensayado y verificar que 
no se supera el límite elástico del material del mismo.
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ENSAYOS DE CALIFICACIÓN SÍSMICA PARA EQUIPOS Y COMPONENTES 
DE CENTRALES NUCLEARES
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Texto

El empleo de equipos y componentes en centrales nucleares de genera-
ción eléctrica requiere de un previo programa de calificación de esos equi-
pos y componentes a fin de asegurar que los mismos prestarán el servicio 
adecuado en las distintas condiciones ambientales a las que podrán verse 
sometidos. Una parte de ese programa de calificación está orientada a ase-
gurar la correcta operación de los componentes durante y después de 
haber soportado los efectos de un sismo.
Estos programas de calificación de componentes se aplican tanto a los 
correspondientes para nuevas centrales nucleares como a los destinados a 
los programas de mantenimiento o extensión de vida de las centrales 
nucleares existentes. 
Se presenta el marco regulatorio internacional vigente para estos ensayos 
de calificación sísmica, los distintos métodos de calificación que pueden 
emplearse y la experiencia obtenida en CNEA en la calificación sísmica por 
ensayo, de equipos y componentes para las plantas nucleares de genera-
ción eléctrica ubicadas en la República Argentina.

ANÁLISIS DE MEDICIONES DE RESISTIVIDAD EN HORMIGONES REFOR-
ZADOS CON FIBRAS

E. D Gomez (1,2); R. Zerbino (3,4,5) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com
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Corrosión de rmaduras - Resistividad del hormigón - Hormigones reforza-
dos con fibras

Texto

La resistividad del hormigón es un parámetro que indica variaciones en el 
contenido de humedad de un material cementiceo. En términos de corro-
sión de armaduras su registro puede utilizarse como un indicador de sus-
ceptibilidad de deterioro. Diferentes dispositivos y equipos comerciales 
utilizan técnicas de corriente alterna para establecer la resistividad del hor-
migón. En elementos estructurales dañados por corrosión, que presentan 
vulnerabilidad en el diseño de su sección, se pueden realizar refuerzos o 
remplazos de recubrimientos utilizando HRF como estrategia de reparacio-
nes o extensiones de vida. En presencia de fibras metálicas, el registro de la 
resistividad del hormigón con técnicas de corriente alterna es subvalorado, 
por la conductividad de las fibras, siendo necesario establecer factores de 
corrección para valores obtenidos con equipos comerciales diseñados para 
ser utilizados en hormigones convencionales. Con el fin de establecer crite-
rios de medición precisos, se planteó un programa experimental con ele-
mentos de HRF y se realizaron mediciones utilizando un equipo comercial 
y sensores desarrollados para monitorear la corrosión.  Los resultados mos-
traron que las mediciones realizadas con el equipo comercial requieren un 
factor de corrección. A su vez, se realizaron barridos de frecuencias utilizan-
do el sensor y se estableció que utilizando frecuencias de 1Hz se obtienen 
registros más precisos de resistividad en hormigones reforzados con fibras 
metálicas. No se observó influencia significativa del contenido de fibras en 
los resultados.

ESTRUCTURAS DE HORMIGÓN ARMADO DAÑADAS DEBIDO A CORRO-
SIÓN POR CARBONATACIÓN. ESTRATEGIAS PARA LA EVALUACIÓN Y EL 
MONITOREO DE LAS REPARACIONES MEDIANTE LA UTILIZACIÓN DE 
SENSORES.

E. D. Gomez (1,2), J. I. Carricondo (1,2), S. B. Farina (1,3) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com
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Texto

Cuando el hormigón que protege a las armaduras de elementos estructu-
rales se carbonata se inicia un proceso de corrosión generalizada que tiene 
como consecuencia la reducción de la sección y la acumulación de produc-
tos de corrosión. Sin embargo, en ambientes poco húmedos el proceso de 
deterioro se desarrolla lentamente, pudiendo pasar décadas antes de pro-
ducirse perdidas de sección significativas o evidenciar algún daño en el 
recubrimiento por la acumulación de productos de corrosión. En general, 
en elementos estructurales donde la corrosión por carbonatación se desa-
rrolla, el fin de la vida útil está asociado a la aparición de fisuras o desprendi-
mientos en el recubrimiento. La vulnerabilidad de un elemento a manifes-
tar patologías está asociada a aspectos de diseño y constructivos como la 
relación “diámetro de armadura - espesor de recubrimiento” y la calidad del 
material cementiceo. Además de significar un deterioro estético, la apari-
ción de patologías, como fisuras y desprendimientos, favorece el desarrollo 
acelerado del deterioro por corrosión, siendo necesario realizar intervencio-
nes para garantizar la seguridad durante la vida de servicio remanente. En 
este trabajo se proponen estrategias para evaluar reparaciones en estructu-
ras dañadas por corrosión inducida por carbonatación y monitorear la vida 
residual de elementos estructurales mediante el uso de sensores adapta-
dos. Se presentan resultados de trabajos experimentales realizados para la 
adaptación de sensores para su utilización en elementos con geometría 
plana y en reparaciones hechas con materiales cementiceos especiales.

DESARROLLO DE UN MEDIDOR DE ESPESORES DE RECUBRIMIENTOS

Marcelo Gutiérrez, Javier Fava, Rodrigo Romero, Juan Vorobioff y Fede-
rico Checozzi
javier.fava@hotmail.com
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Texto

Es conocida la amplia utilización de medidores de recubrimientos, tanto en 
diferentes industrias como en laboratorios de investigación y desarrollo. 
Generalmente, estos equipos se fabrican para realizar mediciones sobre un 
número limitado de pares substrato-recubrimiento, reduciendo el rango de 
aplicaciones. Disponer de un equipo de desarrollo propio, ampliará los atri-
butos no contemplados en los equipos comerciales.
Se desarrolló un medidor de espesores que aplica el método de corrientes 
inducidas. En la etapa actual del desarrollo se midieron espesores de recu-
brimientos no conductores sobre sustratos no ferromagnéticos. Parte del 
circuito del medidor está compuesto de un oscilador Colpittts. La impedan-
cia del conjunto se modifica según el lift-off, y esto genera cambios en la 
frecuencia de resonancia. La curva de calibración del sistema se determina 
a través de la variación de la frecuencia de resonancia en función del lift-off. 
El sistema se probó con espesores entre 25 y 905 micrones sobre aluminio 
6061 y sobre Zry-4; obteniéndose resultados muy satisfactorios. 
Se presentarán los desarrollos logrados y los resultados obtenidos. También 
se discutirá la posible aplicación sobre materiales ferromagnéticos y en 
situaciones donde se tenga que extender la longitud de los cables.

ESTUDIO MAGNÉTICO DE LA TRANSFORMACIÓN INDUCIDA POR DE-
FORMACIÓN EN FRÍO EN ACEROS INOXIDABLES AUSTENÍTICOS

Miriam Rocío Neyra Astudillo (1), Cristina Spinosa (3),  Mónica Landau (3),  
Guido Ferrari (2), Martin Gómez (1) 
mneyrast@gmail.com
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Texto

La fase austenita-γ en los aceros inoxidables austeníticos es metaestable. 
Cuando es deformada en frío puede transformarse parcialmente a marten-
sita- �´ ferromagnética. la cantidad de α’ formada depende de la composi-
ción química del acero, de la temperatura del proceso y de la deformación 
aplicada. A partir de tratamientos térmicos por encima de la temperatura 
de inicio de la Austenita AS, la estructura austenítica puede ser recuperada. 
El Ruido Magnético Barkhausen (RMB) y la Emisión Magneto Acústica 
(EMA), son técnicas magnéticas muy sensibles a la microestructura, a las 
tensiones residuales y a la deformación de los materiales ferromagnéticos. 
Cuando se somete un material ferromagnético a un campo magnético 
oscilante producido por una corriente eléctrica cuya amplitud varía lenta-
mente de manera cíclica, se produce en el material excitado el movimiento 
de las Paredes de los Dominios Magnéticos que origina el RMB.  Se originan 
principalmente dos respuestas tipo ruido que se propagan de manera 
ondulatoria, una magnética (RMB) detectable con una bobina colectora 
sobre la superficie del material y otra elástica que puede detectarse colo-
cando un sensor de emisión acústica (EMA). En este trabajo se evalúa me-
diante RMB y EMA para evaluar el contenido de martensita �’ en diferentes 
muestras de aceros inoxidables austeníticos deformadas por laminación en 
frío y tratadas térmicamente para revertir a austenita. En las mismas no se 
ha completado la austenización y por ello presentan ambas fases y un com-
portamiento magnético, el cual decrece a medida que la fracción de la fase 
� aumenta para los Tratamientos Térmicos (TT) de mayor temperatura. Se 
hizo un análisis temporal y frecuencial de las señales y se calculó su valor 
RMS. Se observó que el RMB y EMA disminuyen con el menor contenido de 
martensita �’ para materiales sometidos a TT de mayor temperatura. La 
cantidad de martensita también se midió con un ferrideltímetro comercial 
que reveló una concordancia con los resultados obtenidos con los métodos 
magnéticos. El RMB y la EMA mostraron ser técnicas eficaces en la detec-
ción de la presencia de martensita.

EMISIÓN ACÚSTICA Y EVOLUCIÓN DE DAÑO EN VIGAS DE HORMIGÓN 
ARMADO SOMETIDAS A CARGA CÍCLICA

Hernán Xargay (1,2) Marianela Ripani (2,3)
hernanxargay@gmail.com
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Texto

En este trabajo se presentan los resultados de ensayos a rotura de vigas de 
hormigón armado, monitoreadas continuamente con el método de Emi-
sión Acústica (EA). Se diseñaron dos disposiciones diferentes de armaduras 
de refuerzo, con o sin estribos, para obtener modos de falla por flexión o 
corte, respectivamente. Además, algunas de las vigas fueron reforzadas adi-
cionalmente con fibras de acero en la mezcla de hormigón. Se aplicó un 
procedimiento de carga caracterizado por varios ciclos de amplitud cre-
ciente hasta alcanzar la capacidad máxima de las vigas. Se presentan y 
comparan los comportamientos de falla de las vigas y la aptitud de cuatro 
índices basados en EA para evaluar su nivel de daño. La incorporación de 
fibras de acero mejoró la resistencia al corte al restringir el desarrollo de 
fisuras inclinadas en la viga sin estribos. Finalmente, se puede concluir que 
los índices EA mostraron en todos los casos una buena correlación con el 
inicio y el progreso de la fisuración.

INSPECCIÓN DE ÁLABES DE TURBINA IN-SITU

Jose Brizuela(1); Joaquín Fernández Bugna(2); Javier Podetti(3); Claudio 
Ziobrowski(4); Carlos Desimone(5)
josebrizuela@conicet.gov.ar
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Array

Texto

Las centrales eléctricas utilizan turbinas de vapor para extraer el máximo 
potencial al calor del vapor producido en un reactor nuclear, caldera de 
carbón o calderas de recuperación de calor de turbina de gas, etc. En gene-
ral, las turbinas de vapor están construidas con filas de álabes aerodinámi-
cos (etapas) montados radialmente que van presentando gradualmente 
mayor longitud radial desde la primera fila (a la entrada del vapor) hasta la 
última fila de la salida, correspondiente a la etapa de baja presión (LSB). Las 
condiciones de operación de las turbinas siempre son complejas y varia-
bles, por lo tanto, los álabes del rotor LSB requieren de un exhaustivo con-
trol de su integridad para garantizar la seguridad operacional del sistema. 
Este trabajo presenta brevemente una serie de estudios elaborados para 
lograr una estrategia eficiente de inspección a manera de poder evaluar los 
álabes de la última etapa de baja presión (L0) durante las paradas de man-
tenimiento programado. Con este objetivo se realizaron cálculos mediante 
el método de elementos finitos (FEM) sobre las zonas críticas de los alabes 
L0, a fin de determinar los sitios de iniciación de fisuras, como así también, 
el tamaño de fisura crítica. Luego, en función del crecimiento de ésta, se 
estableció el intervalo de inspección, en condiciones estables de operación. 
A partir de estos resultados se determinaron los métodos de Ensayos No 
Destructivos (END) más eficientes para ser aplicados in-situ. En particular, 
se describe el proceso de inspección diseñado para evaluar la integridad de 
las raíces de los álabes, que se realizó mediante la tecnología de phased 
array (PAUT) y partículas magnetizables (PM).

REPARACIÓN DE UNA COLUMNA DE PRESIÓN ANTE LA EJECUCIÓN DE 
UNA ABERTURA EN EL CUERPO CILÍNDRICO, DEBIDO AL RECAMBIO DE 
INTERNOS

Héctor Sanzi
tecsaing@tecsaing.com.ar
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Texto

Ante el recambio de internos de gran tamaño en una columna de proceso 
instalada en una planta industrial, es de práctica habitual la ejecución de 
una abertura sobre el cuerpo de presión, con el objeto de realizar los traba-
jos necesarios para llevar a cabo los cortes y posterior reparación.
Es importante bajo esta situación, además de analizar el procedimiento de 
corte y reparación y contar con la logística necesaria, llevar a cabo un minu-
cioso estudio de integridad para asegurar y evitar posibles deformaciones 
durante dicho procedimiento o posteriores, una vez que el componente ya 
se encuentra en operación.
Si bien durante el trabajo de corte, el recipiente se encuentra sin presión 
interior, los estados de carga de peso propio, viento y/o sismo, como así 
también el aporte de calor consecuencia del procedimiento de soldadura 
seleccionado, pueden afectar la integridad estructural del mismo, alcan-
zando deformaciones inadmisibles que imposibiliten su reparación poste-
rior, involucrando un costo adicional, al menos, no contemplado en la etapa 
inicial. Ante esta situación, es importante analizar a través de un estudio de 
integridad estructural, la necesidad de colocar rigidizadores adicionales 
para evitar deformaciones durante el proceso de corte.
Este tipo de requerimiento se realiza cuando el componente ya cuenta con 
una cierta cantidad de años en servicio, en donde la degradación por corro-
sión u otros mecanismos de falla y el estado general del material, particular-
mente si opera a baja o alta temperatura, entre otros, pueden afectar o limi-
tar dicho estudio de integridad.
Para llevar a cabo un estudio completo de integridad, es fundamental 
contar con toda la documentación técnica que asegurar un resultado satis-
factorio. Así las Prácticas Recomendadas API 579 presentan, en función de 
la documentación existente, una clasificación en cuanto al tipo de análisis a 
utilizar, identificando diferentes Niveles de Evaluación para encarar el estu-
dio de integridad.  En este trabajo, a partir de un modelo de elementos fini-
tos tridimensional, se presenta un procedimiento de reparación y evalua-
ción de una columna de presión que se encuentra en servicio y donde se 
debe realizar un recambio de internos, haciendo necesario la ejecución de 
una abertura de 2 mts x 3 mts, sobre el cuerpo cilíndrico. Se mencionan las 
tareas adicionales necesarias de END que deberán ser realizadas para ase
gurar un trabajo seguro y que complementan al estudio de integridad.

CONTROL DE CALIDAD MEDIANTE END DE LA COLOCACIÓN DE FRP 
EN ESTRUCTURAS DE HORMIGÓN ARMADo

Marcelo Guzmán- Gustavo Palazzo - Victor Roldan 
mguzman@solidus-ing.com
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Texto

Las estructuras existentes pueden requerir una rehabilitación o refuerzo 
estructural debido a un cambio de destino o adecuación a un nuevo regla-
mento, o también cuando se encuentran en ellas deficiencias o patologías. 
Entre las diversas estrategias de refuerzo y rehabilitación se tiene los polí-
meros reforzados con fibra (FRP por su denominación en inglés). En gene-
ral, el FRP se presenta en forma de pletinas o tejidos que se adhieren a 
estructuras de acero, madera u hormigón armado (H°A°), a efectos de 
aumentar la resistencia de diseño de elementos estructurales, o para lograr 
un aumento en el confinamiento y la ductilidad en sectores de estructuras 
de H°A°. Se observa entonces que la adherencia entre el FRP y la superficie 
donde se coloca es de fundamental importancia. Para asegurar esa adhe-
rencia los reglamentos establecen procedimientos antes, durante y con 
posterioridad a la colocación de este refuerzo. Estos procedimientos tienen 
que ver con técnicas de ensayos no destructivas (END), así como también, 
con otras técnicas mínimamente invasivas a las que también se las podría 
considerar como END. Este trabajo tiene por objeto analizar esos requeri-
mientos para estructuras de H°A°, y mostrar la implementación de las técni-
cas antes comentadas que se han llevado a cabo en obras de Argentina. En 
la primera parte del trabajo se establecen los requerimientos que normas 
americanas y europeas establecen para la aplicación de FRP. Luego se des-
criben las características de obras en Argentina donde se ha implementado 
esta estrategia de refuerzo/rehabilitación. En la tercera parte se detalla el 
proceso de evaluación de adherencia implementado en ellas, así como el 
estudio de los resultados obtenidos. En las conclusiones se resaltan los 
aspectos fundamentales que deben considerarse en el proceso de asegura-
miento de la calidad de colocación del FRP, así como los criterios de acepta-
ción en cada etapa de ese proceso.

TERMOGRAFÍA COMO HERRAMIENTA DE DIAGNÓSTICO EN OBRAS CIVI-
LES Y BIENES CULTURALES.

Arq. Ivanna Todaro; Arq.Germán Alonso; Arq. Miguel Mancini 
itodaro@inti.gob.ar

Palabras clave

Termografía Aplicada a la Construcción

Texto

Las herramientas utilizadas para la evaluación del estado de los bienes 
inmuebles nos brindan información valiosa para prevenir y/o reconocer pro-
blemáticas, o bien para identificar características constructivas de los 
mismos. Consideramos que es importante alcanzar un pre-diagnóstico 
utilizando los recursos y equipamientos pertinentes a los escenarios que se 
nos presentan. La utilización de la termografía como herramienta que nos 
permite alcanzar nuestros objetivos en cuanto al estudio de estos bienes de 
una forma no invasiva. Entre las distintas aplicaciones dentro de las obras 
civiles la termografía nos puede dar la posibilidad de reconocer sistemas 
constructivos, modificaciones o adhesiones en los mismos, evaluar filtra-
ciones en instalaciones sanitarias y/o infiltraciones de agua en la envolvente 
del edificio, posibles puentes térmicos o pérdidas de calor en cerramientos, 
como también prevenir deficiencias en el sistema eléctrico. 
La posibilidad de utilizar esta técnica de estudio la posiciona como herra-
mienta valiosa en toda obra civil y especialmente en bienes con valor patri-
monial. Sabemos de la importancia y de la responsabilidad que implica 
intervenir en estos edificios históricos, por lo tanto, la metodología menos 
invasiva es fundamental para conservar la integridad y la identidad de 
nuestras huellas históricas y culturales.

DESARROLLO DE UN EQUIPO MODULAR DE BAJO COSTO PARA LA CA-
RACTERIZACIÓN DE MATERIALES Y PROCESOS UTILIZANDO LA TÉCNI-
CA INTERFEROMÉTRICA OCT (TOMOGRAFÍA DE COHERENCIA ÓPTICA) 

Tabla Pablo (1), Eneas Morel (2), Jorge Torga (3)
ptabla@frd.utn.edu.ar

Palabras clave

Óptica, OCT, tomografía, topografía, perfilometría

Texto

El objetivo central del trabajo es el presentar un equipo modular industrial 
de bajo costo utilizando la técnica interferometría de baja coherencia OCT 
(tomografía de coherencia óptica) para la caracterización de materiales y 
procesos. La técnica es no destructiva y sin contacto, permite determinar 
topografías y tomografías con un rango de 2 mm de espesor o profundidad 
y áreas en el orden del cm2 con una resolución espacial inferior al micrón. El 
equipo tiene un diseño modular con un enfoque en aplicaciones para con-
trol de calidad y monitoreo de procesos de producción en tiempo real e “in 
situ”. La medición se efectúa iluminando uno o varios puntos de la muestra 
y analizando las reflexiones con un código de procesamiento de señal. La 
técnica permite caracterizar procesos de cristalización, polimerización, 
secado de pinturas, lograr tomografías en muestras multicapa semitrans-
parentes y topografías en muestras opacas como metal. Se presentan 
resultados de diferentes caracterizaciones: espesores de recubrimientos 
(laca sobre tejido de fibra de carbono), rugosidad superficial (piezas metáli-
cas con diferentes mecanizados) entre las aplicaciones más destacadas.

UTILIZACIÓN DE LA EMISIÓN ACÚSTICA PARA EVALUACIÓN DEL 
DAÑOEN MATERIALES COMPUESTOS LAMINARES HÍBRIDOS

Guido Ferrari 1, Martín Gómez 1,2
guicferrari@gmail.com
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Texto

La Emisión Acústica (EA) es una técnica de END ampliamente utilizada 
para el estudio de materiales compuestos dado que permite obtener infor-
mación de las fuentes que generan esta la emisión que suelen estar relacio-
nadas con defectos y fallas del material. Habitualmente se puede asociar el 
nivel de EA con la intensidad de la solicitación mecánica del material anali-
zando las cargas críticas sobre este antes de llegar a la rotura del compo-
nente y además, contando con un número suficiente de sensores, se 
pueden posicionar las fuentes que emiten dicha información ultrasónica 
para su posterior individualización y análisis. 
En el presente trabajo se ensayaron probetas de material compuesto lami-
nar híbrido (fibra de carbono – fibra de vidrio – resina polimérica) las cuales 
fueron construidas de manera tal de tener discontinuidades en el multila-
minado simulando defectos de fabricación tendientes a disminuir la resis-
tencia estructural del material. En la experimentación se estudiaron probe-
tas que fueron solicitadas mecánicamente a la flexión en ensayos de tres 
puntos. Durante los ensayos se midió la EA con 4 sensores piezoeléctricos 
para detectar y posicionar las fuentes de EA dentro del material. Adicional-
mente se digitalizó la carga de flexión de manera simultánea con la EA. Se 
estudiaron los parámetros de EA Amplitud, número de cuentas y energía 
MARSE principalmente. Se midió la velocidad de propagación de las ondas 
elásticas para el material y analizando los tiempos de vuelo hasta los 4 sen-
sores para cada evento se pudo establecer la posición de los defectos y la 
carga mecánica a la cual emiten EA. Luego de un filtrado en amplitud y del 
post procesamiento de la información a partir de las cuentas y la energía 
acumulada, los resultados permitieron asociar el nivel de carga mecánica, 
con las zonas de alta emisión y los defectos macroscópicos producidos 
durante la fabricación de las piezas.

OBSERVATORIO DE END EN ARGENTINA, UNA HERRAMIENTA PARA 
IMPULSAR EL SECTOR

Virginia Kuklis, Sabrina Accorinti, Ignacio Fraile, Pablo González Táboas, 
Juan Manuel Labanca y Jorge Schneebeli
prgonzalez@inti.gob.ar
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Texto

La disciplina de Ensayos No Destructivos en Argentina mantiene su creci-
miento a través de los años como así también su dinámica particular, que 
impacta transversalmente en varios rubros de la actividad industrial del 
país.
Hoy en día se trata de un ámbito que involucra una gran diversidad de acto-
res, tanto nacionales como internacionales que se relacionan entre sí de 
distintas maneras. Entre ellos podemos identificar, a modo de ejemplo, 
organismos de regulación, asociaciones civiles, empresas que prestan ser-
vicios, empresas que los demandan e instituciones académicas. 
En este escenario tan complejo, el desafío que se plantea es potenciar, arti-
cular y complementar las capacidades del sector de los END de manera de 
generar más fuentes de trabajo y mejorar la eficiencia de la industria nacio-
nal, y plantear su rol estratégico en aspectos de seguridad pública.
En este sentido, a partir de la vinculación estratégica entre Organismos 
públicos y privados, como ser el INTI y CEENDRA, surgió el interés en la 
creación de un Observatorio del sector de los END en Argentina, que fun-
cione de referencia para el sector. 
En este trabajo se presentará el camino recorrido por las instituciones, un 
mapa del sector de los END, los objetivos y antecedentes del Observatorio y 
sus potencialidades. Se expondrá también la experiencia de INTI-Mecánica 
en el trabajo con otros sectores industriales, su relevamiento de empresas 
de END y el trabajo que viene realizando la Cámara empresaria en este sen-
tido.

APLICACIÓN DE EXTENSOMETRÍA EN ENSAYOS DE PANDEO SOBRE 
COMPONENTES NUCLEARES

Mariano Arévalo; Alberto Martín Ghiselli;Giselle Villabrille;Gabriel
Cataldo  
marevalo@cnea.gov.ar
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Texto

Se presentan los resultados de una serie de ensayos de pandeo realizados 
sobre uno de los componentes internos de un reactor PHWR. Los mismos 
se llevaron a cabo para caracterizar una condición del sistema en la cual se 
producen dilataciones diferenciales de la vasija del reactor. Esta carga 
térmica, en conjunto con una condición de vínculo especial, provoca una 
solicitación mecánica del componente durante la parada del reactor no 
prevista en el diseño. Por lo tanto, a fin de determinar el estado de tensio-
nes en esta situación, se construyó un dispositivo (mock-up) que permita 
reproducir las condiciones de pandeo sobre el componente de manera de 
relevar las fuerzas y el desplazamiento resultante. Adicionalmente a las me-
diciones de cargas y flechas de pandeo, se colocaron un conjunto de exten-
sómetros en las zonas más comprometidas a fin de obtener el estado de 
deformaciones y tensiones resultante. Con los datos provenientes de los 
ensayos realizados se confeccionó un modelo de elementos finitos no lineal 
del sistema y se validaron los resultados del mismo. Esto permitió hallar el 
estado de concentración de tensiones en otras zonas del conjunto a fin de 
obtener el margen de seguridad del componente ensayado y verificar que 
no se supera el límite elástico del material del mismo.

38.



ENSAYOS DE CALIFICACIÓN SÍSMICA PARA EQUIPOS Y COMPONENTES 
DE CENTRALES NUCLEARES

Sergio D. Lingeri, Martín Ghiselli Alberto - Mariano Arévalo - 
Itai Rozenbaum
lingeri@cnea.gov.ar
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Frecuencias naturales; Central Nuclear, calificación de componentes, 
ensayos sísmicos, vibraciones.

Texto

El empleo de equipos y componentes en centrales nucleares de genera-
ción eléctrica requiere de un previo programa de calificación de esos equi-
pos y componentes a fin de asegurar que los mismos prestarán el servicio 
adecuado en las distintas condiciones ambientales a las que podrán verse 
sometidos. Una parte de ese programa de calificación está orientada a ase-
gurar la correcta operación de los componentes durante y después de 
haber soportado los efectos de un sismo.
Estos programas de calificación de componentes se aplican tanto a los 
correspondientes para nuevas centrales nucleares como a los destinados a 
los programas de mantenimiento o extensión de vida de las centrales 
nucleares existentes. 
Se presenta el marco regulatorio internacional vigente para estos ensayos 
de calificación sísmica, los distintos métodos de calificación que pueden 
emplearse y la experiencia obtenida en CNEA en la calificación sísmica por 
ensayo, de equipos y componentes para las plantas nucleares de genera-
ción eléctrica ubicadas en la República Argentina.

ANÁLISIS DE MEDICIONES DE RESISTIVIDAD EN HORMIGONES REFOR-
ZADOS CON FIBRAS

E. D Gomez (1,2); R. Zerbino (3,4,5) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de rmaduras - Resistividad del hormigón - Hormigones reforza-
dos con fibras

Texto

La resistividad del hormigón es un parámetro que indica variaciones en el 
contenido de humedad de un material cementiceo. En términos de corro-
sión de armaduras su registro puede utilizarse como un indicador de sus-
ceptibilidad de deterioro. Diferentes dispositivos y equipos comerciales 
utilizan técnicas de corriente alterna para establecer la resistividad del hor-
migón. En elementos estructurales dañados por corrosión, que presentan 
vulnerabilidad en el diseño de su sección, se pueden realizar refuerzos o 
remplazos de recubrimientos utilizando HRF como estrategia de reparacio-
nes o extensiones de vida. En presencia de fibras metálicas, el registro de la 
resistividad del hormigón con técnicas de corriente alterna es subvalorado, 
por la conductividad de las fibras, siendo necesario establecer factores de 
corrección para valores obtenidos con equipos comerciales diseñados para 
ser utilizados en hormigones convencionales. Con el fin de establecer crite-
rios de medición precisos, se planteó un programa experimental con ele-
mentos de HRF y se realizaron mediciones utilizando un equipo comercial 
y sensores desarrollados para monitorear la corrosión.  Los resultados mos-
traron que las mediciones realizadas con el equipo comercial requieren un 
factor de corrección. A su vez, se realizaron barridos de frecuencias utilizan-
do el sensor y se estableció que utilizando frecuencias de 1Hz se obtienen 
registros más precisos de resistividad en hormigones reforzados con fibras 
metálicas. No se observó influencia significativa del contenido de fibras en 
los resultados.

ESTRUCTURAS DE HORMIGÓN ARMADO DAÑADAS DEBIDO A CORRO-
SIÓN POR CARBONATACIÓN. ESTRATEGIAS PARA LA EVALUACIÓN Y EL 
MONITOREO DE LAS REPARACIONES MEDIANTE LA UTILIZACIÓN DE 
SENSORES.

E. D. Gomez (1,2), J. I. Carricondo (1,2), S. B. Farina (1,3) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com
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Corrosión de armaduras - Modelos de vida - Sensores de corrosión

Texto

Cuando el hormigón que protege a las armaduras de elementos estructu-
rales se carbonata se inicia un proceso de corrosión generalizada que tiene 
como consecuencia la reducción de la sección y la acumulación de produc-
tos de corrosión. Sin embargo, en ambientes poco húmedos el proceso de 
deterioro se desarrolla lentamente, pudiendo pasar décadas antes de pro-
ducirse perdidas de sección significativas o evidenciar algún daño en el 
recubrimiento por la acumulación de productos de corrosión. En general, 
en elementos estructurales donde la corrosión por carbonatación se desa-
rrolla, el fin de la vida útil está asociado a la aparición de fisuras o desprendi-
mientos en el recubrimiento. La vulnerabilidad de un elemento a manifes-
tar patologías está asociada a aspectos de diseño y constructivos como la 
relación “diámetro de armadura - espesor de recubrimiento” y la calidad del 
material cementiceo. Además de significar un deterioro estético, la apari-
ción de patologías, como fisuras y desprendimientos, favorece el desarrollo 
acelerado del deterioro por corrosión, siendo necesario realizar intervencio-
nes para garantizar la seguridad durante la vida de servicio remanente. En 
este trabajo se proponen estrategias para evaluar reparaciones en estructu-
ras dañadas por corrosión inducida por carbonatación y monitorear la vida 
residual de elementos estructurales mediante el uso de sensores adapta-
dos. Se presentan resultados de trabajos experimentales realizados para la 
adaptación de sensores para su utilización en elementos con geometría 
plana y en reparaciones hechas con materiales cementiceos especiales.

DESARROLLO DE UN MEDIDOR DE ESPESORES DE RECUBRIMIENTOS

Marcelo Gutiérrez, Javier Fava, Rodrigo Romero, Juan Vorobioff y Fede-
rico Checozzi
javier.fava@hotmail.com
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Recubrimientos, lift-off, Corrientes-inducidas

Texto

Es conocida la amplia utilización de medidores de recubrimientos, tanto en 
diferentes industrias como en laboratorios de investigación y desarrollo. 
Generalmente, estos equipos se fabrican para realizar mediciones sobre un 
número limitado de pares substrato-recubrimiento, reduciendo el rango de 
aplicaciones. Disponer de un equipo de desarrollo propio, ampliará los atri-
butos no contemplados en los equipos comerciales.
Se desarrolló un medidor de espesores que aplica el método de corrientes 
inducidas. En la etapa actual del desarrollo se midieron espesores de recu-
brimientos no conductores sobre sustratos no ferromagnéticos. Parte del 
circuito del medidor está compuesto de un oscilador Colpittts. La impedan-
cia del conjunto se modifica según el lift-off, y esto genera cambios en la 
frecuencia de resonancia. La curva de calibración del sistema se determina 
a través de la variación de la frecuencia de resonancia en función del lift-off. 
El sistema se probó con espesores entre 25 y 905 micrones sobre aluminio 
6061 y sobre Zry-4; obteniéndose resultados muy satisfactorios. 
Se presentarán los desarrollos logrados y los resultados obtenidos. También 
se discutirá la posible aplicación sobre materiales ferromagnéticos y en 
situaciones donde se tenga que extender la longitud de los cables.

ESTUDIO MAGNÉTICO DE LA TRANSFORMACIÓN INDUCIDA POR DE-
FORMACIÓN EN FRÍO EN ACEROS INOXIDABLES AUSTENÍTICOS

Miriam Rocío Neyra Astudillo (1), Cristina Spinosa (3),  Mónica Landau (3),  
Guido Ferrari (2), Martin Gómez (1) 
mneyrast@gmail.com
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Ruido Magnético Barkhausen, Emisión Magneto Acústica, austenita, mar-
tensita

Texto

La fase austenita-γ en los aceros inoxidables austeníticos es metaestable. 
Cuando es deformada en frío puede transformarse parcialmente a marten-
sita- �´ ferromagnética. la cantidad de α’ formada depende de la composi-
ción química del acero, de la temperatura del proceso y de la deformación 
aplicada. A partir de tratamientos térmicos por encima de la temperatura 
de inicio de la Austenita AS, la estructura austenítica puede ser recuperada. 
El Ruido Magnético Barkhausen (RMB) y la Emisión Magneto Acústica 
(EMA), son técnicas magnéticas muy sensibles a la microestructura, a las 
tensiones residuales y a la deformación de los materiales ferromagnéticos. 
Cuando se somete un material ferromagnético a un campo magnético 
oscilante producido por una corriente eléctrica cuya amplitud varía lenta-
mente de manera cíclica, se produce en el material excitado el movimiento 
de las Paredes de los Dominios Magnéticos que origina el RMB.  Se originan 
principalmente dos respuestas tipo ruido que se propagan de manera 
ondulatoria, una magnética (RMB) detectable con una bobina colectora 
sobre la superficie del material y otra elástica que puede detectarse colo-
cando un sensor de emisión acústica (EMA). En este trabajo se evalúa me-
diante RMB y EMA para evaluar el contenido de martensita �’ en diferentes 
muestras de aceros inoxidables austeníticos deformadas por laminación en 
frío y tratadas térmicamente para revertir a austenita. En las mismas no se 
ha completado la austenización y por ello presentan ambas fases y un com-
portamiento magnético, el cual decrece a medida que la fracción de la fase 
� aumenta para los Tratamientos Térmicos (TT) de mayor temperatura. Se 
hizo un análisis temporal y frecuencial de las señales y se calculó su valor 
RMS. Se observó que el RMB y EMA disminuyen con el menor contenido de 
martensita �’ para materiales sometidos a TT de mayor temperatura. La 
cantidad de martensita también se midió con un ferrideltímetro comercial 
que reveló una concordancia con los resultados obtenidos con los métodos 
magnéticos. El RMB y la EMA mostraron ser técnicas eficaces en la detec-
ción de la presencia de martensita.

EMISIÓN ACÚSTICA Y EVOLUCIÓN DE DAÑO EN VIGAS DE HORMIGÓN 
ARMADO SOMETIDAS A CARGA CÍCLICA

Hernán Xargay (1,2) Marianela Ripani (2,3)
hernanxargay@gmail.com
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Emisión Acústica, Hormigón Armado, Ensayo de carga, Daño

Texto

En este trabajo se presentan los resultados de ensayos a rotura de vigas de 
hormigón armado, monitoreadas continuamente con el método de Emi-
sión Acústica (EA). Se diseñaron dos disposiciones diferentes de armaduras 
de refuerzo, con o sin estribos, para obtener modos de falla por flexión o 
corte, respectivamente. Además, algunas de las vigas fueron reforzadas adi-
cionalmente con fibras de acero en la mezcla de hormigón. Se aplicó un 
procedimiento de carga caracterizado por varios ciclos de amplitud cre-
ciente hasta alcanzar la capacidad máxima de las vigas. Se presentan y 
comparan los comportamientos de falla de las vigas y la aptitud de cuatro 
índices basados en EA para evaluar su nivel de daño. La incorporación de 
fibras de acero mejoró la resistencia al corte al restringir el desarrollo de 
fisuras inclinadas en la viga sin estribos. Finalmente, se puede concluir que 
los índices EA mostraron en todos los casos una buena correlación con el 
inicio y el progreso de la fisuración.

INSPECCIÓN DE ÁLABES DE TURBINA IN-SITU

Jose Brizuela(1); Joaquín Fernández Bugna(2); Javier Podetti(3); Claudio 
Ziobrowski(4); Carlos Desimone(5)
josebrizuela@conicet.gov.ar
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Turbinas de vapor, END en mantenimiento, Elementos Finitos, Phased 
Array

Texto

Las centrales eléctricas utilizan turbinas de vapor para extraer el máximo 
potencial al calor del vapor producido en un reactor nuclear, caldera de 
carbón o calderas de recuperación de calor de turbina de gas, etc. En gene-
ral, las turbinas de vapor están construidas con filas de álabes aerodinámi-
cos (etapas) montados radialmente que van presentando gradualmente 
mayor longitud radial desde la primera fila (a la entrada del vapor) hasta la 
última fila de la salida, correspondiente a la etapa de baja presión (LSB). Las 
condiciones de operación de las turbinas siempre son complejas y varia-
bles, por lo tanto, los álabes del rotor LSB requieren de un exhaustivo con-
trol de su integridad para garantizar la seguridad operacional del sistema. 
Este trabajo presenta brevemente una serie de estudios elaborados para 
lograr una estrategia eficiente de inspección a manera de poder evaluar los 
álabes de la última etapa de baja presión (L0) durante las paradas de man-
tenimiento programado. Con este objetivo se realizaron cálculos mediante 
el método de elementos finitos (FEM) sobre las zonas críticas de los alabes 
L0, a fin de determinar los sitios de iniciación de fisuras, como así también, 
el tamaño de fisura crítica. Luego, en función del crecimiento de ésta, se 
estableció el intervalo de inspección, en condiciones estables de operación. 
A partir de estos resultados se determinaron los métodos de Ensayos No 
Destructivos (END) más eficientes para ser aplicados in-situ. En particular, 
se describe el proceso de inspección diseñado para evaluar la integridad de 
las raíces de los álabes, que se realizó mediante la tecnología de phased 
array (PAUT) y partículas magnetizables (PM).

REPARACIÓN DE UNA COLUMNA DE PRESIÓN ANTE LA EJECUCIÓN DE 
UNA ABERTURA EN EL CUERPO CILÍNDRICO, DEBIDO AL RECAMBIO DE 
INTERNOS

Héctor Sanzi
tecsaing@tecsaing.com.ar
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REPARACIÓN RECIPIENTE, SIMULACION COMPUTACIONAL, END

Texto

Ante el recambio de internos de gran tamaño en una columna de proceso 
instalada en una planta industrial, es de práctica habitual la ejecución de 
una abertura sobre el cuerpo de presión, con el objeto de realizar los traba-
jos necesarios para llevar a cabo los cortes y posterior reparación.
Es importante bajo esta situación, además de analizar el procedimiento de 
corte y reparación y contar con la logística necesaria, llevar a cabo un minu-
cioso estudio de integridad para asegurar y evitar posibles deformaciones 
durante dicho procedimiento o posteriores, una vez que el componente ya 
se encuentra en operación.
Si bien durante el trabajo de corte, el recipiente se encuentra sin presión 
interior, los estados de carga de peso propio, viento y/o sismo, como así 
también el aporte de calor consecuencia del procedimiento de soldadura 
seleccionado, pueden afectar la integridad estructural del mismo, alcan-
zando deformaciones inadmisibles que imposibiliten su reparación poste-
rior, involucrando un costo adicional, al menos, no contemplado en la etapa 
inicial. Ante esta situación, es importante analizar a través de un estudio de 
integridad estructural, la necesidad de colocar rigidizadores adicionales 
para evitar deformaciones durante el proceso de corte.
Este tipo de requerimiento se realiza cuando el componente ya cuenta con 
una cierta cantidad de años en servicio, en donde la degradación por corro-
sión u otros mecanismos de falla y el estado general del material, particular-
mente si opera a baja o alta temperatura, entre otros, pueden afectar o limi-
tar dicho estudio de integridad.
Para llevar a cabo un estudio completo de integridad, es fundamental 
contar con toda la documentación técnica que asegurar un resultado satis-
factorio. Así las Prácticas Recomendadas API 579 presentan, en función de 
la documentación existente, una clasificación en cuanto al tipo de análisis a 
utilizar, identificando diferentes Niveles de Evaluación para encarar el estu-
dio de integridad.  En este trabajo, a partir de un modelo de elementos fini-
tos tridimensional, se presenta un procedimiento de reparación y evalua-
ción de una columna de presión que se encuentra en servicio y donde se 
debe realizar un recambio de internos, haciendo necesario la ejecución de 
una abertura de 2 mts x 3 mts, sobre el cuerpo cilíndrico. Se mencionan las 
tareas adicionales necesarias de END que deberán ser realizadas para ase
gurar un trabajo seguro y que complementan al estudio de integridad.

CONTROL DE CALIDAD MEDIANTE END DE LA COLOCACIÓN DE FRP 
EN ESTRUCTURAS DE HORMIGÓN ARMADo

Marcelo Guzmán- Gustavo Palazzo - Victor Roldan 
mguzman@solidus-ing.com
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Texto

Las estructuras existentes pueden requerir una rehabilitación o refuerzo 
estructural debido a un cambio de destino o adecuación a un nuevo regla-
mento, o también cuando se encuentran en ellas deficiencias o patologías. 
Entre las diversas estrategias de refuerzo y rehabilitación se tiene los polí-
meros reforzados con fibra (FRP por su denominación en inglés). En gene-
ral, el FRP se presenta en forma de pletinas o tejidos que se adhieren a 
estructuras de acero, madera u hormigón armado (H°A°), a efectos de 
aumentar la resistencia de diseño de elementos estructurales, o para lograr 
un aumento en el confinamiento y la ductilidad en sectores de estructuras 
de H°A°. Se observa entonces que la adherencia entre el FRP y la superficie 
donde se coloca es de fundamental importancia. Para asegurar esa adhe-
rencia los reglamentos establecen procedimientos antes, durante y con 
posterioridad a la colocación de este refuerzo. Estos procedimientos tienen 
que ver con técnicas de ensayos no destructivas (END), así como también, 
con otras técnicas mínimamente invasivas a las que también se las podría 
considerar como END. Este trabajo tiene por objeto analizar esos requeri-
mientos para estructuras de H°A°, y mostrar la implementación de las técni-
cas antes comentadas que se han llevado a cabo en obras de Argentina. En 
la primera parte del trabajo se establecen los requerimientos que normas 
americanas y europeas establecen para la aplicación de FRP. Luego se des-
criben las características de obras en Argentina donde se ha implementado 
esta estrategia de refuerzo/rehabilitación. En la tercera parte se detalla el 
proceso de evaluación de adherencia implementado en ellas, así como el 
estudio de los resultados obtenidos. En las conclusiones se resaltan los 
aspectos fundamentales que deben considerarse en el proceso de asegura-
miento de la calidad de colocación del FRP, así como los criterios de acepta-
ción en cada etapa de ese proceso.

TERMOGRAFÍA COMO HERRAMIENTA DE DIAGNÓSTICO EN OBRAS CIVI-
LES Y BIENES CULTURALES.

Arq. Ivanna Todaro; Arq.Germán Alonso; Arq. Miguel Mancini 
itodaro@inti.gob.ar
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Termografía Aplicada a la Construcción

Texto

Las herramientas utilizadas para la evaluación del estado de los bienes 
inmuebles nos brindan información valiosa para prevenir y/o reconocer pro-
blemáticas, o bien para identificar características constructivas de los 
mismos. Consideramos que es importante alcanzar un pre-diagnóstico 
utilizando los recursos y equipamientos pertinentes a los escenarios que se 
nos presentan. La utilización de la termografía como herramienta que nos 
permite alcanzar nuestros objetivos en cuanto al estudio de estos bienes de 
una forma no invasiva. Entre las distintas aplicaciones dentro de las obras 
civiles la termografía nos puede dar la posibilidad de reconocer sistemas 
constructivos, modificaciones o adhesiones en los mismos, evaluar filtra-
ciones en instalaciones sanitarias y/o infiltraciones de agua en la envolvente 
del edificio, posibles puentes térmicos o pérdidas de calor en cerramientos, 
como también prevenir deficiencias en el sistema eléctrico. 
La posibilidad de utilizar esta técnica de estudio la posiciona como herra-
mienta valiosa en toda obra civil y especialmente en bienes con valor patri-
monial. Sabemos de la importancia y de la responsabilidad que implica 
intervenir en estos edificios históricos, por lo tanto, la metodología menos 
invasiva es fundamental para conservar la integridad y la identidad de 
nuestras huellas históricas y culturales.

DESARROLLO DE UN EQUIPO MODULAR DE BAJO COSTO PARA LA CA-
RACTERIZACIÓN DE MATERIALES Y PROCESOS UTILIZANDO LA TÉCNI-
CA INTERFEROMÉTRICA OCT (TOMOGRAFÍA DE COHERENCIA ÓPTICA) 

Tabla Pablo (1), Eneas Morel (2), Jorge Torga (3)
ptabla@frd.utn.edu.ar
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Óptica, OCT, tomografía, topografía, perfilometría

Texto

El objetivo central del trabajo es el presentar un equipo modular industrial 
de bajo costo utilizando la técnica interferometría de baja coherencia OCT 
(tomografía de coherencia óptica) para la caracterización de materiales y 
procesos. La técnica es no destructiva y sin contacto, permite determinar 
topografías y tomografías con un rango de 2 mm de espesor o profundidad 
y áreas en el orden del cm2 con una resolución espacial inferior al micrón. El 
equipo tiene un diseño modular con un enfoque en aplicaciones para con-
trol de calidad y monitoreo de procesos de producción en tiempo real e “in 
situ”. La medición se efectúa iluminando uno o varios puntos de la muestra 
y analizando las reflexiones con un código de procesamiento de señal. La 
técnica permite caracterizar procesos de cristalización, polimerización, 
secado de pinturas, lograr tomografías en muestras multicapa semitrans-
parentes y topografías en muestras opacas como metal. Se presentan 
resultados de diferentes caracterizaciones: espesores de recubrimientos 
(laca sobre tejido de fibra de carbono), rugosidad superficial (piezas metáli-
cas con diferentes mecanizados) entre las aplicaciones más destacadas.

UTILIZACIÓN DE LA EMISIÓN ACÚSTICA PARA EVALUACIÓN DEL 
DAÑOEN MATERIALES COMPUESTOS LAMINARES HÍBRIDOS

Guido Ferrari 1, Martín Gómez 1,2
guicferrari@gmail.com
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Emisión Acústica, material compuesto hibrido, ensayos no destructivos, 
flexión

Texto

La Emisión Acústica (EA) es una técnica de END ampliamente utilizada 
para el estudio de materiales compuestos dado que permite obtener infor-
mación de las fuentes que generan esta la emisión que suelen estar relacio-
nadas con defectos y fallas del material. Habitualmente se puede asociar el 
nivel de EA con la intensidad de la solicitación mecánica del material anali-
zando las cargas críticas sobre este antes de llegar a la rotura del compo-
nente y además, contando con un número suficiente de sensores, se 
pueden posicionar las fuentes que emiten dicha información ultrasónica 
para su posterior individualización y análisis. 
En el presente trabajo se ensayaron probetas de material compuesto lami-
nar híbrido (fibra de carbono – fibra de vidrio – resina polimérica) las cuales 
fueron construidas de manera tal de tener discontinuidades en el multila-
minado simulando defectos de fabricación tendientes a disminuir la resis-
tencia estructural del material. En la experimentación se estudiaron probe-
tas que fueron solicitadas mecánicamente a la flexión en ensayos de tres 
puntos. Durante los ensayos se midió la EA con 4 sensores piezoeléctricos 
para detectar y posicionar las fuentes de EA dentro del material. Adicional-
mente se digitalizó la carga de flexión de manera simultánea con la EA. Se 
estudiaron los parámetros de EA Amplitud, número de cuentas y energía 
MARSE principalmente. Se midió la velocidad de propagación de las ondas 
elásticas para el material y analizando los tiempos de vuelo hasta los 4 sen-
sores para cada evento se pudo establecer la posición de los defectos y la 
carga mecánica a la cual emiten EA. Luego de un filtrado en amplitud y del 
post procesamiento de la información a partir de las cuentas y la energía 
acumulada, los resultados permitieron asociar el nivel de carga mecánica, 
con las zonas de alta emisión y los defectos macroscópicos producidos 
durante la fabricación de las piezas.

OBSERVATORIO DE END EN ARGENTINA, UNA HERRAMIENTA PARA 
IMPULSAR EL SECTOR

Virginia Kuklis, Sabrina Accorinti, Ignacio Fraile, Pablo González Táboas, 
Juan Manuel Labanca y Jorge Schneebeli
prgonzalez@inti.gob.ar

Palabras clave

Extensometría; Central Nuclear, Elementos Finitos, Ensayos de Componen-
te Nucleares, Tensiones, Deformaciones

Texto

La disciplina de Ensayos No Destructivos en Argentina mantiene su creci-
miento a través de los años como así también su dinámica particular, que 
impacta transversalmente en varios rubros de la actividad industrial del 
país.
Hoy en día se trata de un ámbito que involucra una gran diversidad de acto-
res, tanto nacionales como internacionales que se relacionan entre sí de 
distintas maneras. Entre ellos podemos identificar, a modo de ejemplo, 
organismos de regulación, asociaciones civiles, empresas que prestan ser-
vicios, empresas que los demandan e instituciones académicas. 
En este escenario tan complejo, el desafío que se plantea es potenciar, arti-
cular y complementar las capacidades del sector de los END de manera de 
generar más fuentes de trabajo y mejorar la eficiencia de la industria nacio-
nal, y plantear su rol estratégico en aspectos de seguridad pública.
En este sentido, a partir de la vinculación estratégica entre Organismos 
públicos y privados, como ser el INTI y CEENDRA, surgió el interés en la 
creación de un Observatorio del sector de los END en Argentina, que fun-
cione de referencia para el sector. 
En este trabajo se presentará el camino recorrido por las instituciones, un 
mapa del sector de los END, los objetivos y antecedentes del Observatorio y 
sus potencialidades. Se expondrá también la experiencia de INTI-Mecánica 
en el trabajo con otros sectores industriales, su relevamiento de empresas 
de END y el trabajo que viene realizando la Cámara empresaria en este sen-
tido.

APLICACIÓN DE EXTENSOMETRÍA EN ENSAYOS DE PANDEO SOBRE 
COMPONENTES NUCLEARES

Mariano Arévalo; Alberto Martín Ghiselli;Giselle Villabrille;Gabriel
Cataldo  
marevalo@cnea.gov.ar
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te Nucleares, Tensiones, Deformaciones

Texto

Se presentan los resultados de una serie de ensayos de pandeo realizados 
sobre uno de los componentes internos de un reactor PHWR. Los mismos 
se llevaron a cabo para caracterizar una condición del sistema en la cual se 
producen dilataciones diferenciales de la vasija del reactor. Esta carga 
térmica, en conjunto con una condición de vínculo especial, provoca una 
solicitación mecánica del componente durante la parada del reactor no 
prevista en el diseño. Por lo tanto, a fin de determinar el estado de tensio-
nes en esta situación, se construyó un dispositivo (mock-up) que permita 
reproducir las condiciones de pandeo sobre el componente de manera de 
relevar las fuerzas y el desplazamiento resultante. Adicionalmente a las me-
diciones de cargas y flechas de pandeo, se colocaron un conjunto de exten-
sómetros en las zonas más comprometidas a fin de obtener el estado de 
deformaciones y tensiones resultante. Con los datos provenientes de los 
ensayos realizados se confeccionó un modelo de elementos finitos no lineal 
del sistema y se validaron los resultados del mismo. Esto permitió hallar el 
estado de concentración de tensiones en otras zonas del conjunto a fin de 
obtener el margen de seguridad del componente ensayado y verificar que 
no se supera el límite elástico del material del mismo.
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ENSAYOS DE CALIFICACIÓN SÍSMICA PARA EQUIPOS Y COMPONENTES 
DE CENTRALES NUCLEARES

Sergio D. Lingeri, Martín Ghiselli Alberto - Mariano Arévalo - 
Itai Rozenbaum
lingeri@cnea.gov.ar
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Frecuencias naturales; Central Nuclear, calificación de componentes, 
ensayos sísmicos, vibraciones.

Texto

El empleo de equipos y componentes en centrales nucleares de genera-
ción eléctrica requiere de un previo programa de calificación de esos equi-
pos y componentes a fin de asegurar que los mismos prestarán el servicio 
adecuado en las distintas condiciones ambientales a las que podrán verse 
sometidos. Una parte de ese programa de calificación está orientada a ase-
gurar la correcta operación de los componentes durante y después de 
haber soportado los efectos de un sismo.
Estos programas de calificación de componentes se aplican tanto a los 
correspondientes para nuevas centrales nucleares como a los destinados a 
los programas de mantenimiento o extensión de vida de las centrales 
nucleares existentes. 
Se presenta el marco regulatorio internacional vigente para estos ensayos 
de calificación sísmica, los distintos métodos de calificación que pueden 
emplearse y la experiencia obtenida en CNEA en la calificación sísmica por 
ensayo, de equipos y componentes para las plantas nucleares de genera-
ción eléctrica ubicadas en la República Argentina.

ANÁLISIS DE MEDICIONES DE RESISTIVIDAD EN HORMIGONES REFOR-
ZADOS CON FIBRAS

E. D Gomez (1,2); R. Zerbino (3,4,5) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com
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Corrosión de rmaduras - Resistividad del hormigón - Hormigones reforza-
dos con fibras

Texto

La resistividad del hormigón es un parámetro que indica variaciones en el 
contenido de humedad de un material cementiceo. En términos de corro-
sión de armaduras su registro puede utilizarse como un indicador de sus-
ceptibilidad de deterioro. Diferentes dispositivos y equipos comerciales 
utilizan técnicas de corriente alterna para establecer la resistividad del hor-
migón. En elementos estructurales dañados por corrosión, que presentan 
vulnerabilidad en el diseño de su sección, se pueden realizar refuerzos o 
remplazos de recubrimientos utilizando HRF como estrategia de reparacio-
nes o extensiones de vida. En presencia de fibras metálicas, el registro de la 
resistividad del hormigón con técnicas de corriente alterna es subvalorado, 
por la conductividad de las fibras, siendo necesario establecer factores de 
corrección para valores obtenidos con equipos comerciales diseñados para 
ser utilizados en hormigones convencionales. Con el fin de establecer crite-
rios de medición precisos, se planteó un programa experimental con ele-
mentos de HRF y se realizaron mediciones utilizando un equipo comercial 
y sensores desarrollados para monitorear la corrosión.  Los resultados mos-
traron que las mediciones realizadas con el equipo comercial requieren un 
factor de corrección. A su vez, se realizaron barridos de frecuencias utilizan-
do el sensor y se estableció que utilizando frecuencias de 1Hz se obtienen 
registros más precisos de resistividad en hormigones reforzados con fibras 
metálicas. No se observó influencia significativa del contenido de fibras en 
los resultados.

ESTRUCTURAS DE HORMIGÓN ARMADO DAÑADAS DEBIDO A CORRO-
SIÓN POR CARBONATACIÓN. ESTRATEGIAS PARA LA EVALUACIÓN Y EL 
MONITOREO DE LAS REPARACIONES MEDIANTE LA UTILIZACIÓN DE 
SENSORES.

E. D. Gomez (1,2), J. I. Carricondo (1,2), S. B. Farina (1,3) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com

Palabras clave

Corrosión de armaduras - Modelos de vida - Sensores de corrosión

Texto

Cuando el hormigón que protege a las armaduras de elementos estructu-
rales se carbonata se inicia un proceso de corrosión generalizada que tiene 
como consecuencia la reducción de la sección y la acumulación de produc-
tos de corrosión. Sin embargo, en ambientes poco húmedos el proceso de 
deterioro se desarrolla lentamente, pudiendo pasar décadas antes de pro-
ducirse perdidas de sección significativas o evidenciar algún daño en el 
recubrimiento por la acumulación de productos de corrosión. En general, 
en elementos estructurales donde la corrosión por carbonatación se desa-
rrolla, el fin de la vida útil está asociado a la aparición de fisuras o desprendi-
mientos en el recubrimiento. La vulnerabilidad de un elemento a manifes-
tar patologías está asociada a aspectos de diseño y constructivos como la 
relación “diámetro de armadura - espesor de recubrimiento” y la calidad del 
material cementiceo. Además de significar un deterioro estético, la apari-
ción de patologías, como fisuras y desprendimientos, favorece el desarrollo 
acelerado del deterioro por corrosión, siendo necesario realizar intervencio-
nes para garantizar la seguridad durante la vida de servicio remanente. En 
este trabajo se proponen estrategias para evaluar reparaciones en estructu-
ras dañadas por corrosión inducida por carbonatación y monitorear la vida 
residual de elementos estructurales mediante el uso de sensores adapta-
dos. Se presentan resultados de trabajos experimentales realizados para la 
adaptación de sensores para su utilización en elementos con geometría 
plana y en reparaciones hechas con materiales cementiceos especiales.

DESARROLLO DE UN MEDIDOR DE ESPESORES DE RECUBRIMIENTOS

Marcelo Gutiérrez, Javier Fava, Rodrigo Romero, Juan Vorobioff y Fede-
rico Checozzi
javier.fava@hotmail.com
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Recubrimientos, lift-off, Corrientes-inducidas

Texto

Es conocida la amplia utilización de medidores de recubrimientos, tanto en 
diferentes industrias como en laboratorios de investigación y desarrollo. 
Generalmente, estos equipos se fabrican para realizar mediciones sobre un 
número limitado de pares substrato-recubrimiento, reduciendo el rango de 
aplicaciones. Disponer de un equipo de desarrollo propio, ampliará los atri-
butos no contemplados en los equipos comerciales.
Se desarrolló un medidor de espesores que aplica el método de corrientes 
inducidas. En la etapa actual del desarrollo se midieron espesores de recu-
brimientos no conductores sobre sustratos no ferromagnéticos. Parte del 
circuito del medidor está compuesto de un oscilador Colpittts. La impedan-
cia del conjunto se modifica según el lift-off, y esto genera cambios en la 
frecuencia de resonancia. La curva de calibración del sistema se determina 
a través de la variación de la frecuencia de resonancia en función del lift-off. 
El sistema se probó con espesores entre 25 y 905 micrones sobre aluminio 
6061 y sobre Zry-4; obteniéndose resultados muy satisfactorios. 
Se presentarán los desarrollos logrados y los resultados obtenidos. También 
se discutirá la posible aplicación sobre materiales ferromagnéticos y en 
situaciones donde se tenga que extender la longitud de los cables.

ESTUDIO MAGNÉTICO DE LA TRANSFORMACIÓN INDUCIDA POR DE-
FORMACIÓN EN FRÍO EN ACEROS INOXIDABLES AUSTENÍTICOS

Miriam Rocío Neyra Astudillo (1), Cristina Spinosa (3),  Mónica Landau (3),  
Guido Ferrari (2), Martin Gómez (1) 
mneyrast@gmail.com
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Ruido Magnético Barkhausen, Emisión Magneto Acústica, austenita, mar-
tensita

Texto

La fase austenita-γ en los aceros inoxidables austeníticos es metaestable. 
Cuando es deformada en frío puede transformarse parcialmente a marten-
sita- �´ ferromagnética. la cantidad de α’ formada depende de la composi-
ción química del acero, de la temperatura del proceso y de la deformación 
aplicada. A partir de tratamientos térmicos por encima de la temperatura 
de inicio de la Austenita AS, la estructura austenítica puede ser recuperada. 
El Ruido Magnético Barkhausen (RMB) y la Emisión Magneto Acústica 
(EMA), son técnicas magnéticas muy sensibles a la microestructura, a las 
tensiones residuales y a la deformación de los materiales ferromagnéticos. 
Cuando se somete un material ferromagnético a un campo magnético 
oscilante producido por una corriente eléctrica cuya amplitud varía lenta-
mente de manera cíclica, se produce en el material excitado el movimiento 
de las Paredes de los Dominios Magnéticos que origina el RMB.  Se originan 
principalmente dos respuestas tipo ruido que se propagan de manera 
ondulatoria, una magnética (RMB) detectable con una bobina colectora 
sobre la superficie del material y otra elástica que puede detectarse colo-
cando un sensor de emisión acústica (EMA). En este trabajo se evalúa me-
diante RMB y EMA para evaluar el contenido de martensita �’ en diferentes 
muestras de aceros inoxidables austeníticos deformadas por laminación en 
frío y tratadas térmicamente para revertir a austenita. En las mismas no se 
ha completado la austenización y por ello presentan ambas fases y un com-
portamiento magnético, el cual decrece a medida que la fracción de la fase 
� aumenta para los Tratamientos Térmicos (TT) de mayor temperatura. Se 
hizo un análisis temporal y frecuencial de las señales y se calculó su valor 
RMS. Se observó que el RMB y EMA disminuyen con el menor contenido de 
martensita �’ para materiales sometidos a TT de mayor temperatura. La 
cantidad de martensita también se midió con un ferrideltímetro comercial 
que reveló una concordancia con los resultados obtenidos con los métodos 
magnéticos. El RMB y la EMA mostraron ser técnicas eficaces en la detec-
ción de la presencia de martensita.

EMISIÓN ACÚSTICA Y EVOLUCIÓN DE DAÑO EN VIGAS DE HORMIGÓN 
ARMADO SOMETIDAS A CARGA CÍCLICA

Hernán Xargay (1,2) Marianela Ripani (2,3)
hernanxargay@gmail.com
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Emisión Acústica, Hormigón Armado, Ensayo de carga, Daño

Texto

En este trabajo se presentan los resultados de ensayos a rotura de vigas de 
hormigón armado, monitoreadas continuamente con el método de Emi-
sión Acústica (EA). Se diseñaron dos disposiciones diferentes de armaduras 
de refuerzo, con o sin estribos, para obtener modos de falla por flexión o 
corte, respectivamente. Además, algunas de las vigas fueron reforzadas adi-
cionalmente con fibras de acero en la mezcla de hormigón. Se aplicó un 
procedimiento de carga caracterizado por varios ciclos de amplitud cre-
ciente hasta alcanzar la capacidad máxima de las vigas. Se presentan y 
comparan los comportamientos de falla de las vigas y la aptitud de cuatro 
índices basados en EA para evaluar su nivel de daño. La incorporación de 
fibras de acero mejoró la resistencia al corte al restringir el desarrollo de 
fisuras inclinadas en la viga sin estribos. Finalmente, se puede concluir que 
los índices EA mostraron en todos los casos una buena correlación con el 
inicio y el progreso de la fisuración.

INSPECCIÓN DE ÁLABES DE TURBINA IN-SITU

Jose Brizuela(1); Joaquín Fernández Bugna(2); Javier Podetti(3); Claudio 
Ziobrowski(4); Carlos Desimone(5)
josebrizuela@conicet.gov.ar
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Turbinas de vapor, END en mantenimiento, Elementos Finitos, Phased 
Array

Texto

Las centrales eléctricas utilizan turbinas de vapor para extraer el máximo 
potencial al calor del vapor producido en un reactor nuclear, caldera de 
carbón o calderas de recuperación de calor de turbina de gas, etc. En gene-
ral, las turbinas de vapor están construidas con filas de álabes aerodinámi-
cos (etapas) montados radialmente que van presentando gradualmente 
mayor longitud radial desde la primera fila (a la entrada del vapor) hasta la 
última fila de la salida, correspondiente a la etapa de baja presión (LSB). Las 
condiciones de operación de las turbinas siempre son complejas y varia-
bles, por lo tanto, los álabes del rotor LSB requieren de un exhaustivo con-
trol de su integridad para garantizar la seguridad operacional del sistema. 
Este trabajo presenta brevemente una serie de estudios elaborados para 
lograr una estrategia eficiente de inspección a manera de poder evaluar los 
álabes de la última etapa de baja presión (L0) durante las paradas de man-
tenimiento programado. Con este objetivo se realizaron cálculos mediante 
el método de elementos finitos (FEM) sobre las zonas críticas de los alabes 
L0, a fin de determinar los sitios de iniciación de fisuras, como así también, 
el tamaño de fisura crítica. Luego, en función del crecimiento de ésta, se 
estableció el intervalo de inspección, en condiciones estables de operación. 
A partir de estos resultados se determinaron los métodos de Ensayos No 
Destructivos (END) más eficientes para ser aplicados in-situ. En particular, 
se describe el proceso de inspección diseñado para evaluar la integridad de 
las raíces de los álabes, que se realizó mediante la tecnología de phased 
array (PAUT) y partículas magnetizables (PM).

REPARACIÓN DE UNA COLUMNA DE PRESIÓN ANTE LA EJECUCIÓN DE 
UNA ABERTURA EN EL CUERPO CILÍNDRICO, DEBIDO AL RECAMBIO DE 
INTERNOS

Héctor Sanzi
tecsaing@tecsaing.com.ar
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Texto

Ante el recambio de internos de gran tamaño en una columna de proceso 
instalada en una planta industrial, es de práctica habitual la ejecución de 
una abertura sobre el cuerpo de presión, con el objeto de realizar los traba-
jos necesarios para llevar a cabo los cortes y posterior reparación.
Es importante bajo esta situación, además de analizar el procedimiento de 
corte y reparación y contar con la logística necesaria, llevar a cabo un minu-
cioso estudio de integridad para asegurar y evitar posibles deformaciones 
durante dicho procedimiento o posteriores, una vez que el componente ya 
se encuentra en operación.
Si bien durante el trabajo de corte, el recipiente se encuentra sin presión 
interior, los estados de carga de peso propio, viento y/o sismo, como así 
también el aporte de calor consecuencia del procedimiento de soldadura 
seleccionado, pueden afectar la integridad estructural del mismo, alcan-
zando deformaciones inadmisibles que imposibiliten su reparación poste-
rior, involucrando un costo adicional, al menos, no contemplado en la etapa 
inicial. Ante esta situación, es importante analizar a través de un estudio de 
integridad estructural, la necesidad de colocar rigidizadores adicionales 
para evitar deformaciones durante el proceso de corte.
Este tipo de requerimiento se realiza cuando el componente ya cuenta con 
una cierta cantidad de años en servicio, en donde la degradación por corro-
sión u otros mecanismos de falla y el estado general del material, particular-
mente si opera a baja o alta temperatura, entre otros, pueden afectar o limi-
tar dicho estudio de integridad.
Para llevar a cabo un estudio completo de integridad, es fundamental 
contar con toda la documentación técnica que asegurar un resultado satis-
factorio. Así las Prácticas Recomendadas API 579 presentan, en función de 
la documentación existente, una clasificación en cuanto al tipo de análisis a 
utilizar, identificando diferentes Niveles de Evaluación para encarar el estu-
dio de integridad.  En este trabajo, a partir de un modelo de elementos fini-
tos tridimensional, se presenta un procedimiento de reparación y evalua-
ción de una columna de presión que se encuentra en servicio y donde se 
debe realizar un recambio de internos, haciendo necesario la ejecución de 
una abertura de 2 mts x 3 mts, sobre el cuerpo cilíndrico. Se mencionan las 
tareas adicionales necesarias de END que deberán ser realizadas para ase
gurar un trabajo seguro y que complementan al estudio de integridad.

CONTROL DE CALIDAD MEDIANTE END DE LA COLOCACIÓN DE FRP 
EN ESTRUCTURAS DE HORMIGÓN ARMADo

Marcelo Guzmán- Gustavo Palazzo - Victor Roldan 
mguzman@solidus-ing.com
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Texto

Las estructuras existentes pueden requerir una rehabilitación o refuerzo 
estructural debido a un cambio de destino o adecuación a un nuevo regla-
mento, o también cuando se encuentran en ellas deficiencias o patologías. 
Entre las diversas estrategias de refuerzo y rehabilitación se tiene los polí-
meros reforzados con fibra (FRP por su denominación en inglés). En gene-
ral, el FRP se presenta en forma de pletinas o tejidos que se adhieren a 
estructuras de acero, madera u hormigón armado (H°A°), a efectos de 
aumentar la resistencia de diseño de elementos estructurales, o para lograr 
un aumento en el confinamiento y la ductilidad en sectores de estructuras 
de H°A°. Se observa entonces que la adherencia entre el FRP y la superficie 
donde se coloca es de fundamental importancia. Para asegurar esa adhe-
rencia los reglamentos establecen procedimientos antes, durante y con 
posterioridad a la colocación de este refuerzo. Estos procedimientos tienen 
que ver con técnicas de ensayos no destructivas (END), así como también, 
con otras técnicas mínimamente invasivas a las que también se las podría 
considerar como END. Este trabajo tiene por objeto analizar esos requeri-
mientos para estructuras de H°A°, y mostrar la implementación de las técni-
cas antes comentadas que se han llevado a cabo en obras de Argentina. En 
la primera parte del trabajo se establecen los requerimientos que normas 
americanas y europeas establecen para la aplicación de FRP. Luego se des-
criben las características de obras en Argentina donde se ha implementado 
esta estrategia de refuerzo/rehabilitación. En la tercera parte se detalla el 
proceso de evaluación de adherencia implementado en ellas, así como el 
estudio de los resultados obtenidos. En las conclusiones se resaltan los 
aspectos fundamentales que deben considerarse en el proceso de asegura-
miento de la calidad de colocación del FRP, así como los criterios de acepta-
ción en cada etapa de ese proceso.

TERMOGRAFÍA COMO HERRAMIENTA DE DIAGNÓSTICO EN OBRAS CIVI-
LES Y BIENES CULTURALES.

Arq. Ivanna Todaro; Arq.Germán Alonso; Arq. Miguel Mancini 
itodaro@inti.gob.ar
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Termografía Aplicada a la Construcción

Texto

Las herramientas utilizadas para la evaluación del estado de los bienes 
inmuebles nos brindan información valiosa para prevenir y/o reconocer pro-
blemáticas, o bien para identificar características constructivas de los 
mismos. Consideramos que es importante alcanzar un pre-diagnóstico 
utilizando los recursos y equipamientos pertinentes a los escenarios que se 
nos presentan. La utilización de la termografía como herramienta que nos 
permite alcanzar nuestros objetivos en cuanto al estudio de estos bienes de 
una forma no invasiva. Entre las distintas aplicaciones dentro de las obras 
civiles la termografía nos puede dar la posibilidad de reconocer sistemas 
constructivos, modificaciones o adhesiones en los mismos, evaluar filtra-
ciones en instalaciones sanitarias y/o infiltraciones de agua en la envolvente 
del edificio, posibles puentes térmicos o pérdidas de calor en cerramientos, 
como también prevenir deficiencias en el sistema eléctrico. 
La posibilidad de utilizar esta técnica de estudio la posiciona como herra-
mienta valiosa en toda obra civil y especialmente en bienes con valor patri-
monial. Sabemos de la importancia y de la responsabilidad que implica 
intervenir en estos edificios históricos, por lo tanto, la metodología menos 
invasiva es fundamental para conservar la integridad y la identidad de 
nuestras huellas históricas y culturales.

DESARROLLO DE UN EQUIPO MODULAR DE BAJO COSTO PARA LA CA-
RACTERIZACIÓN DE MATERIALES Y PROCESOS UTILIZANDO LA TÉCNI-
CA INTERFEROMÉTRICA OCT (TOMOGRAFÍA DE COHERENCIA ÓPTICA) 

Tabla Pablo (1), Eneas Morel (2), Jorge Torga (3)
ptabla@frd.utn.edu.ar
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Óptica, OCT, tomografía, topografía, perfilometría

Texto

El objetivo central del trabajo es el presentar un equipo modular industrial 
de bajo costo utilizando la técnica interferometría de baja coherencia OCT 
(tomografía de coherencia óptica) para la caracterización de materiales y 
procesos. La técnica es no destructiva y sin contacto, permite determinar 
topografías y tomografías con un rango de 2 mm de espesor o profundidad 
y áreas en el orden del cm2 con una resolución espacial inferior al micrón. El 
equipo tiene un diseño modular con un enfoque en aplicaciones para con-
trol de calidad y monitoreo de procesos de producción en tiempo real e “in 
situ”. La medición se efectúa iluminando uno o varios puntos de la muestra 
y analizando las reflexiones con un código de procesamiento de señal. La 
técnica permite caracterizar procesos de cristalización, polimerización, 
secado de pinturas, lograr tomografías en muestras multicapa semitrans-
parentes y topografías en muestras opacas como metal. Se presentan 
resultados de diferentes caracterizaciones: espesores de recubrimientos 
(laca sobre tejido de fibra de carbono), rugosidad superficial (piezas metáli-
cas con diferentes mecanizados) entre las aplicaciones más destacadas.

INSPECCIÓN EN FONDO DE TANQUES CON EMISIÓN ACÚSTICA. DESA-
RROLLO DE UN CRITERIO DE ACEPTACIÓN PARA LA IMPLEMENTACIÓN 
DE LA NORMA IRAM 725.

Luciano Vatcoff. Alejandro Montenegro
alejandromontenegro.oat@gmail.com
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Texto

La Emisión Acústica (E.A) es una técnica de ensayo no destructivo con 
amplio rango de aplicación en la actualidad. Dentro de las aplicaciones más 
comunes podemos encontrar el monitoreo de: recipientes a presión, 
estructuras fijas y tanques de almacenamiento. En este trabajo se podrá 
principal interés en los aspectos que refieren al uso de la E.A para el monito-
reo del fondo de tanques de almacenamiento de hidrocarburos. Al aplicar 
la E.A en el fondo de un tanque de almacenamiento se busca detectar la 
presencia de fugas y/o corrosión activa [1]. Desde la entrada en vigencia de 
la Norma IRAM 725 [2], la cual se encuentra en vigencia desde el año 2019, 
nuestro grupo viene realizando los ensayos bajo esta normativa. Presenta-
mos un criterio de aceptación que cuantifica el daño según la energía de 
las señales emitidas por la fuente que lo genera, lo cual es posible debido a 
que el parámetro de la energía de E.A es una herramienta eficaz para la 
identificación de fuentes, generalmente refleja la intensidad de la misma 
[3]. Discutimos además los resultados obtenidos durante el  ensayo realiza-
do sobre un tanque que opera en la cuenca neuquina, donde pudo ser 
detectada una fuente de corrosión activa.
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Texto

La planificación del mantenimiento y la rehabilitación edilicia requieren 
partir desde un diagnostico completo y exhaustivo que de cuentas del 
estado del edificio y sus componentes. Para arribar a un diagnostico inte-
gral completo es necesario utilizar una variedad de herramientas, técnicas 
y métodos que permitan el estudio detallado de cada componente edilicio.
La aplicación de métodos de Ensayos No Destructivos (END) constituyen 
una herramienta de suma importancia para control y verificación del 
estado edilicio de forma fiable y segura sin producir nuevas roturas ni inte-
rrumpir o afectar las actividades de los usuarios. 
La utilización de los END, per se, no se traduce automáticamente en un 
diagnostico válido, sino que es un medio. Parte del éxito en su implementa-
ción reside en la metodología aplicada para definir su utilización y en la eva-
luación de sus resultados. 
El Programa de Mantenimiento Habitacional (PMH), desde hace más de 
veinte años desarrolla y aplica una metodología de relevamiento previo, 
basado en la norma ISO 6241 (actualmente ISO 19208), como herramienta 
sistemática y protocolarizada que facilita la recopilación de datos y su pos-
terior análisis. Dicha metodología es el sustento sobre la cual se define el 
uso de END a fin de ratificar hipótesis de causas y legitimizar el diagnóstico.
En este articulo desarrollaremos la experiencia del PMH aplicando la meto-
dología de relevamiento previo en distintos casos de vivienda social o coo-
perativa de la ciudad de Buenos Aires, donde se aplicaron tecnologías de 
END. El objetivo final es identificar y analizar los END y sus aportes al con-
trol de la calidad constructiva para generar un sustento de conocimiento 
para profesionales y gestores edilicios en pos incorporar el uso legítimo de 
END y viabilizar un control en el desempeño edilicio no invasivo, eficiente y 
sustentable.

UTILIZACIÓN DE LA EMISIÓN ACÚSTICA PARA EVALUACIÓN DEL 
DAÑOEN MATERIALES COMPUESTOS LAMINARES HÍBRIDOS

Guido Ferrari 1, Martín Gómez 1,2
guicferrari@gmail.com
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Texto

La Emisión Acústica (EA) es una técnica de END ampliamente utilizada 
para el estudio de materiales compuestos dado que permite obtener infor-
mación de las fuentes que generan esta la emisión que suelen estar relacio-
nadas con defectos y fallas del material. Habitualmente se puede asociar el 
nivel de EA con la intensidad de la solicitación mecánica del material anali-
zando las cargas críticas sobre este antes de llegar a la rotura del compo-
nente y además, contando con un número suficiente de sensores, se 
pueden posicionar las fuentes que emiten dicha información ultrasónica 
para su posterior individualización y análisis. 
En el presente trabajo se ensayaron probetas de material compuesto lami-
nar híbrido (fibra de carbono – fibra de vidrio – resina polimérica) las cuales 
fueron construidas de manera tal de tener discontinuidades en el multila-
minado simulando defectos de fabricación tendientes a disminuir la resis-
tencia estructural del material. En la experimentación se estudiaron probe-
tas que fueron solicitadas mecánicamente a la flexión en ensayos de tres 
puntos. Durante los ensayos se midió la EA con 4 sensores piezoeléctricos 
para detectar y posicionar las fuentes de EA dentro del material. Adicional-
mente se digitalizó la carga de flexión de manera simultánea con la EA. Se 
estudiaron los parámetros de EA Amplitud, número de cuentas y energía 
MARSE principalmente. Se midió la velocidad de propagación de las ondas 
elásticas para el material y analizando los tiempos de vuelo hasta los 4 sen-
sores para cada evento se pudo establecer la posición de los defectos y la 
carga mecánica a la cual emiten EA. Luego de un filtrado en amplitud y del 
post procesamiento de la información a partir de las cuentas y la energía 
acumulada, los resultados permitieron asociar el nivel de carga mecánica, 
con las zonas de alta emisión y los defectos macroscópicos producidos 
durante la fabricación de las piezas.

OBSERVATORIO DE END EN ARGENTINA, UNA HERRAMIENTA PARA 
IMPULSAR EL SECTOR

Virginia Kuklis, Sabrina Accorinti, Ignacio Fraile, Pablo González Táboas, 
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Texto

La disciplina de Ensayos No Destructivos en Argentina mantiene su creci-
miento a través de los años como así también su dinámica particular, que 
impacta transversalmente en varios rubros de la actividad industrial del 
país.
Hoy en día se trata de un ámbito que involucra una gran diversidad de acto-
res, tanto nacionales como internacionales que se relacionan entre sí de 
distintas maneras. Entre ellos podemos identificar, a modo de ejemplo, 
organismos de regulación, asociaciones civiles, empresas que prestan ser-
vicios, empresas que los demandan e instituciones académicas. 
En este escenario tan complejo, el desafío que se plantea es potenciar, arti-
cular y complementar las capacidades del sector de los END de manera de 
generar más fuentes de trabajo y mejorar la eficiencia de la industria nacio-
nal, y plantear su rol estratégico en aspectos de seguridad pública.
En este sentido, a partir de la vinculación estratégica entre Organismos 
públicos y privados, como ser el INTI y CEENDRA, surgió el interés en la 
creación de un Observatorio del sector de los END en Argentina, que fun-
cione de referencia para el sector. 
En este trabajo se presentará el camino recorrido por las instituciones, un 
mapa del sector de los END, los objetivos y antecedentes del Observatorio y 
sus potencialidades. Se expondrá también la experiencia de INTI-Mecánica 
en el trabajo con otros sectores industriales, su relevamiento de empresas 
de END y el trabajo que viene realizando la Cámara empresaria en este sen-
tido.

APLICACIÓN DE EXTENSOMETRÍA EN ENSAYOS DE PANDEO SOBRE 
COMPONENTES NUCLEARES

Mariano Arévalo; Alberto Martín Ghiselli;Giselle Villabrille;Gabriel
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Texto

Se presentan los resultados de una serie de ensayos de pandeo realizados 
sobre uno de los componentes internos de un reactor PHWR. Los mismos 
se llevaron a cabo para caracterizar una condición del sistema en la cual se 
producen dilataciones diferenciales de la vasija del reactor. Esta carga 
térmica, en conjunto con una condición de vínculo especial, provoca una 
solicitación mecánica del componente durante la parada del reactor no 
prevista en el diseño. Por lo tanto, a fin de determinar el estado de tensio-
nes en esta situación, se construyó un dispositivo (mock-up) que permita 
reproducir las condiciones de pandeo sobre el componente de manera de 
relevar las fuerzas y el desplazamiento resultante. Adicionalmente a las me-
diciones de cargas y flechas de pandeo, se colocaron un conjunto de exten-
sómetros en las zonas más comprometidas a fin de obtener el estado de 
deformaciones y tensiones resultante. Con los datos provenientes de los 
ensayos realizados se confeccionó un modelo de elementos finitos no lineal 
del sistema y se validaron los resultados del mismo. Esto permitió hallar el 
estado de concentración de tensiones en otras zonas del conjunto a fin de 
obtener el margen de seguridad del componente ensayado y verificar que 
no se supera el límite elástico del material del mismo.
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ENSAYOS DE CALIFICACIÓN SÍSMICA PARA EQUIPOS Y COMPONENTES 
DE CENTRALES NUCLEARES
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Texto

El empleo de equipos y componentes en centrales nucleares de genera-
ción eléctrica requiere de un previo programa de calificación de esos equi-
pos y componentes a fin de asegurar que los mismos prestarán el servicio 
adecuado en las distintas condiciones ambientales a las que podrán verse 
sometidos. Una parte de ese programa de calificación está orientada a ase-
gurar la correcta operación de los componentes durante y después de 
haber soportado los efectos de un sismo.
Estos programas de calificación de componentes se aplican tanto a los 
correspondientes para nuevas centrales nucleares como a los destinados a 
los programas de mantenimiento o extensión de vida de las centrales 
nucleares existentes. 
Se presenta el marco regulatorio internacional vigente para estos ensayos 
de calificación sísmica, los distintos métodos de calificación que pueden 
emplearse y la experiencia obtenida en CNEA en la calificación sísmica por 
ensayo, de equipos y componentes para las plantas nucleares de genera-
ción eléctrica ubicadas en la República Argentina.

ANÁLISIS DE MEDICIONES DE RESISTIVIDAD EN HORMIGONES REFOR-
ZADOS CON FIBRAS

E. D Gomez (1,2); R. Zerbino (3,4,5) y G. S. Duffó (1,2,3)
enzodgomez.sde@gmail.com
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Texto

La resistividad del hormigón es un parámetro que indica variaciones en el 
contenido de humedad de un material cementiceo. En términos de corro-
sión de armaduras su registro puede utilizarse como un indicador de sus-
ceptibilidad de deterioro. Diferentes dispositivos y equipos comerciales 
utilizan técnicas de corriente alterna para establecer la resistividad del hor-
migón. En elementos estructurales dañados por corrosión, que presentan 
vulnerabilidad en el diseño de su sección, se pueden realizar refuerzos o 
remplazos de recubrimientos utilizando HRF como estrategia de reparacio-
nes o extensiones de vida. En presencia de fibras metálicas, el registro de la 
resistividad del hormigón con técnicas de corriente alterna es subvalorado, 
por la conductividad de las fibras, siendo necesario establecer factores de 
corrección para valores obtenidos con equipos comerciales diseñados para 
ser utilizados en hormigones convencionales. Con el fin de establecer crite-
rios de medición precisos, se planteó un programa experimental con ele-
mentos de HRF y se realizaron mediciones utilizando un equipo comercial 
y sensores desarrollados para monitorear la corrosión.  Los resultados mos-
traron que las mediciones realizadas con el equipo comercial requieren un 
factor de corrección. A su vez, se realizaron barridos de frecuencias utilizan-
do el sensor y se estableció que utilizando frecuencias de 1Hz se obtienen 
registros más precisos de resistividad en hormigones reforzados con fibras 
metálicas. No se observó influencia significativa del contenido de fibras en 
los resultados.

ESTRUCTURAS DE HORMIGÓN ARMADO DAÑADAS DEBIDO A CORRO-
SIÓN POR CARBONATACIÓN. ESTRATEGIAS PARA LA EVALUACIÓN Y EL 
MONITOREO DE LAS REPARACIONES MEDIANTE LA UTILIZACIÓN DE 
SENSORES.
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Texto

Cuando el hormigón que protege a las armaduras de elementos estructu-
rales se carbonata se inicia un proceso de corrosión generalizada que tiene 
como consecuencia la reducción de la sección y la acumulación de produc-
tos de corrosión. Sin embargo, en ambientes poco húmedos el proceso de 
deterioro se desarrolla lentamente, pudiendo pasar décadas antes de pro-
ducirse perdidas de sección significativas o evidenciar algún daño en el 
recubrimiento por la acumulación de productos de corrosión. En general, 
en elementos estructurales donde la corrosión por carbonatación se desa-
rrolla, el fin de la vida útil está asociado a la aparición de fisuras o desprendi-
mientos en el recubrimiento. La vulnerabilidad de un elemento a manifes-
tar patologías está asociada a aspectos de diseño y constructivos como la 
relación “diámetro de armadura - espesor de recubrimiento” y la calidad del 
material cementiceo. Además de significar un deterioro estético, la apari-
ción de patologías, como fisuras y desprendimientos, favorece el desarrollo 
acelerado del deterioro por corrosión, siendo necesario realizar intervencio-
nes para garantizar la seguridad durante la vida de servicio remanente. En 
este trabajo se proponen estrategias para evaluar reparaciones en estructu-
ras dañadas por corrosión inducida por carbonatación y monitorear la vida 
residual de elementos estructurales mediante el uso de sensores adapta-
dos. Se presentan resultados de trabajos experimentales realizados para la 
adaptación de sensores para su utilización en elementos con geometría 
plana y en reparaciones hechas con materiales cementiceos especiales.

DESARROLLO DE UN MEDIDOR DE ESPESORES DE RECUBRIMIENTOS

Marcelo Gutiérrez, Javier Fava, Rodrigo Romero, Juan Vorobioff y Fede-
rico Checozzi
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Texto

Es conocida la amplia utilización de medidores de recubrimientos, tanto en 
diferentes industrias como en laboratorios de investigación y desarrollo. 
Generalmente, estos equipos se fabrican para realizar mediciones sobre un 
número limitado de pares substrato-recubrimiento, reduciendo el rango de 
aplicaciones. Disponer de un equipo de desarrollo propio, ampliará los atri-
butos no contemplados en los equipos comerciales.
Se desarrolló un medidor de espesores que aplica el método de corrientes 
inducidas. En la etapa actual del desarrollo se midieron espesores de recu-
brimientos no conductores sobre sustratos no ferromagnéticos. Parte del 
circuito del medidor está compuesto de un oscilador Colpittts. La impedan-
cia del conjunto se modifica según el lift-off, y esto genera cambios en la 
frecuencia de resonancia. La curva de calibración del sistema se determina 
a través de la variación de la frecuencia de resonancia en función del lift-off. 
El sistema se probó con espesores entre 25 y 905 micrones sobre aluminio 
6061 y sobre Zry-4; obteniéndose resultados muy satisfactorios. 
Se presentarán los desarrollos logrados y los resultados obtenidos. También 
se discutirá la posible aplicación sobre materiales ferromagnéticos y en 
situaciones donde se tenga que extender la longitud de los cables.

ESTUDIO MAGNÉTICO DE LA TRANSFORMACIÓN INDUCIDA POR DE-
FORMACIÓN EN FRÍO EN ACEROS INOXIDABLES AUSTENÍTICOS

Miriam Rocío Neyra Astudillo (1), Cristina Spinosa (3),  Mónica Landau (3),  
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Texto

La fase austenita-γ en los aceros inoxidables austeníticos es metaestable. 
Cuando es deformada en frío puede transformarse parcialmente a marten-
sita- �´ ferromagnética. la cantidad de α’ formada depende de la composi-
ción química del acero, de la temperatura del proceso y de la deformación 
aplicada. A partir de tratamientos térmicos por encima de la temperatura 
de inicio de la Austenita AS, la estructura austenítica puede ser recuperada. 
El Ruido Magnético Barkhausen (RMB) y la Emisión Magneto Acústica 
(EMA), son técnicas magnéticas muy sensibles a la microestructura, a las 
tensiones residuales y a la deformación de los materiales ferromagnéticos. 
Cuando se somete un material ferromagnético a un campo magnético 
oscilante producido por una corriente eléctrica cuya amplitud varía lenta-
mente de manera cíclica, se produce en el material excitado el movimiento 
de las Paredes de los Dominios Magnéticos que origina el RMB.  Se originan 
principalmente dos respuestas tipo ruido que se propagan de manera 
ondulatoria, una magnética (RMB) detectable con una bobina colectora 
sobre la superficie del material y otra elástica que puede detectarse colo-
cando un sensor de emisión acústica (EMA). En este trabajo se evalúa me-
diante RMB y EMA para evaluar el contenido de martensita �’ en diferentes 
muestras de aceros inoxidables austeníticos deformadas por laminación en 
frío y tratadas térmicamente para revertir a austenita. En las mismas no se 
ha completado la austenización y por ello presentan ambas fases y un com-
portamiento magnético, el cual decrece a medida que la fracción de la fase 
� aumenta para los Tratamientos Térmicos (TT) de mayor temperatura. Se 
hizo un análisis temporal y frecuencial de las señales y se calculó su valor 
RMS. Se observó que el RMB y EMA disminuyen con el menor contenido de 
martensita �’ para materiales sometidos a TT de mayor temperatura. La 
cantidad de martensita también se midió con un ferrideltímetro comercial 
que reveló una concordancia con los resultados obtenidos con los métodos 
magnéticos. El RMB y la EMA mostraron ser técnicas eficaces en la detec-
ción de la presencia de martensita.

EMISIÓN ACÚSTICA Y EVOLUCIÓN DE DAÑO EN VIGAS DE HORMIGÓN 
ARMADO SOMETIDAS A CARGA CÍCLICA

Hernán Xargay (1,2) Marianela Ripani (2,3)
hernanxargay@gmail.com

Palabras clave

Emisión Acústica, Hormigón Armado, Ensayo de carga, Daño

Texto

En este trabajo se presentan los resultados de ensayos a rotura de vigas de 
hormigón armado, monitoreadas continuamente con el método de Emi-
sión Acústica (EA). Se diseñaron dos disposiciones diferentes de armaduras 
de refuerzo, con o sin estribos, para obtener modos de falla por flexión o 
corte, respectivamente. Además, algunas de las vigas fueron reforzadas adi-
cionalmente con fibras de acero en la mezcla de hormigón. Se aplicó un 
procedimiento de carga caracterizado por varios ciclos de amplitud cre-
ciente hasta alcanzar la capacidad máxima de las vigas. Se presentan y 
comparan los comportamientos de falla de las vigas y la aptitud de cuatro 
índices basados en EA para evaluar su nivel de daño. La incorporación de 
fibras de acero mejoró la resistencia al corte al restringir el desarrollo de 
fisuras inclinadas en la viga sin estribos. Finalmente, se puede concluir que 
los índices EA mostraron en todos los casos una buena correlación con el 
inicio y el progreso de la fisuración.

INSPECCIÓN DE ÁLABES DE TURBINA IN-SITU
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Texto

Las centrales eléctricas utilizan turbinas de vapor para extraer el máximo 
potencial al calor del vapor producido en un reactor nuclear, caldera de 
carbón o calderas de recuperación de calor de turbina de gas, etc. En gene-
ral, las turbinas de vapor están construidas con filas de álabes aerodinámi-
cos (etapas) montados radialmente que van presentando gradualmente 
mayor longitud radial desde la primera fila (a la entrada del vapor) hasta la 
última fila de la salida, correspondiente a la etapa de baja presión (LSB). Las 
condiciones de operación de las turbinas siempre son complejas y varia-
bles, por lo tanto, los álabes del rotor LSB requieren de un exhaustivo con-
trol de su integridad para garantizar la seguridad operacional del sistema. 
Este trabajo presenta brevemente una serie de estudios elaborados para 
lograr una estrategia eficiente de inspección a manera de poder evaluar los 
álabes de la última etapa de baja presión (L0) durante las paradas de man-
tenimiento programado. Con este objetivo se realizaron cálculos mediante 
el método de elementos finitos (FEM) sobre las zonas críticas de los alabes 
L0, a fin de determinar los sitios de iniciación de fisuras, como así también, 
el tamaño de fisura crítica. Luego, en función del crecimiento de ésta, se 
estableció el intervalo de inspección, en condiciones estables de operación. 
A partir de estos resultados se determinaron los métodos de Ensayos No 
Destructivos (END) más eficientes para ser aplicados in-situ. En particular, 
se describe el proceso de inspección diseñado para evaluar la integridad de 
las raíces de los álabes, que se realizó mediante la tecnología de phased 
array (PAUT) y partículas magnetizables (PM).

REPARACIÓN DE UNA COLUMNA DE PRESIÓN ANTE LA EJECUCIÓN DE 
UNA ABERTURA EN EL CUERPO CILÍNDRICO, DEBIDO AL RECAMBIO DE 
INTERNOS

Héctor Sanzi
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Texto

Ante el recambio de internos de gran tamaño en una columna de proceso 
instalada en una planta industrial, es de práctica habitual la ejecución de 
una abertura sobre el cuerpo de presión, con el objeto de realizar los traba-
jos necesarios para llevar a cabo los cortes y posterior reparación.
Es importante bajo esta situación, además de analizar el procedimiento de 
corte y reparación y contar con la logística necesaria, llevar a cabo un minu-
cioso estudio de integridad para asegurar y evitar posibles deformaciones 
durante dicho procedimiento o posteriores, una vez que el componente ya 
se encuentra en operación.
Si bien durante el trabajo de corte, el recipiente se encuentra sin presión 
interior, los estados de carga de peso propio, viento y/o sismo, como así 
también el aporte de calor consecuencia del procedimiento de soldadura 
seleccionado, pueden afectar la integridad estructural del mismo, alcan-
zando deformaciones inadmisibles que imposibiliten su reparación poste-
rior, involucrando un costo adicional, al menos, no contemplado en la etapa 
inicial. Ante esta situación, es importante analizar a través de un estudio de 
integridad estructural, la necesidad de colocar rigidizadores adicionales 
para evitar deformaciones durante el proceso de corte.
Este tipo de requerimiento se realiza cuando el componente ya cuenta con 
una cierta cantidad de años en servicio, en donde la degradación por corro-
sión u otros mecanismos de falla y el estado general del material, particular-
mente si opera a baja o alta temperatura, entre otros, pueden afectar o limi-
tar dicho estudio de integridad.
Para llevar a cabo un estudio completo de integridad, es fundamental 
contar con toda la documentación técnica que asegurar un resultado satis-
factorio. Así las Prácticas Recomendadas API 579 presentan, en función de 
la documentación existente, una clasificación en cuanto al tipo de análisis a 
utilizar, identificando diferentes Niveles de Evaluación para encarar el estu-
dio de integridad.  En este trabajo, a partir de un modelo de elementos fini-
tos tridimensional, se presenta un procedimiento de reparación y evalua-
ción de una columna de presión que se encuentra en servicio y donde se 
debe realizar un recambio de internos, haciendo necesario la ejecución de 
una abertura de 2 mts x 3 mts, sobre el cuerpo cilíndrico. Se mencionan las 
tareas adicionales necesarias de END que deberán ser realizadas para ase
gurar un trabajo seguro y que complementan al estudio de integridad.

CONTROL DE CALIDAD MEDIANTE END DE LA COLOCACIÓN DE FRP 
EN ESTRUCTURAS DE HORMIGÓN ARMADo
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Texto

Las estructuras existentes pueden requerir una rehabilitación o refuerzo 
estructural debido a un cambio de destino o adecuación a un nuevo regla-
mento, o también cuando se encuentran en ellas deficiencias o patologías. 
Entre las diversas estrategias de refuerzo y rehabilitación se tiene los polí-
meros reforzados con fibra (FRP por su denominación en inglés). En gene-
ral, el FRP se presenta en forma de pletinas o tejidos que se adhieren a 
estructuras de acero, madera u hormigón armado (H°A°), a efectos de 
aumentar la resistencia de diseño de elementos estructurales, o para lograr 
un aumento en el confinamiento y la ductilidad en sectores de estructuras 
de H°A°. Se observa entonces que la adherencia entre el FRP y la superficie 
donde se coloca es de fundamental importancia. Para asegurar esa adhe-
rencia los reglamentos establecen procedimientos antes, durante y con 
posterioridad a la colocación de este refuerzo. Estos procedimientos tienen 
que ver con técnicas de ensayos no destructivas (END), así como también, 
con otras técnicas mínimamente invasivas a las que también se las podría 
considerar como END. Este trabajo tiene por objeto analizar esos requeri-
mientos para estructuras de H°A°, y mostrar la implementación de las técni-
cas antes comentadas que se han llevado a cabo en obras de Argentina. En 
la primera parte del trabajo se establecen los requerimientos que normas 
americanas y europeas establecen para la aplicación de FRP. Luego se des-
criben las características de obras en Argentina donde se ha implementado 
esta estrategia de refuerzo/rehabilitación. En la tercera parte se detalla el 
proceso de evaluación de adherencia implementado en ellas, así como el 
estudio de los resultados obtenidos. En las conclusiones se resaltan los 
aspectos fundamentales que deben considerarse en el proceso de asegura-
miento de la calidad de colocación del FRP, así como los criterios de acepta-
ción en cada etapa de ese proceso.

TERMOGRAFÍA COMO HERRAMIENTA DE DIAGNÓSTICO EN OBRAS CIVI-
LES Y BIENES CULTURALES.
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Texto

Las herramientas utilizadas para la evaluación del estado de los bienes 
inmuebles nos brindan información valiosa para prevenir y/o reconocer pro-
blemáticas, o bien para identificar características constructivas de los 
mismos. Consideramos que es importante alcanzar un pre-diagnóstico 
utilizando los recursos y equipamientos pertinentes a los escenarios que se 
nos presentan. La utilización de la termografía como herramienta que nos 
permite alcanzar nuestros objetivos en cuanto al estudio de estos bienes de 
una forma no invasiva. Entre las distintas aplicaciones dentro de las obras 
civiles la termografía nos puede dar la posibilidad de reconocer sistemas 
constructivos, modificaciones o adhesiones en los mismos, evaluar filtra-
ciones en instalaciones sanitarias y/o infiltraciones de agua en la envolvente 
del edificio, posibles puentes térmicos o pérdidas de calor en cerramientos, 
como también prevenir deficiencias en el sistema eléctrico. 
La posibilidad de utilizar esta técnica de estudio la posiciona como herra-
mienta valiosa en toda obra civil y especialmente en bienes con valor patri-
monial. Sabemos de la importancia y de la responsabilidad que implica 
intervenir en estos edificios históricos, por lo tanto, la metodología menos 
invasiva es fundamental para conservar la integridad y la identidad de 
nuestras huellas históricas y culturales.

DESARROLLO DE UN EQUIPO MODULAR DE BAJO COSTO PARA LA CA-
RACTERIZACIÓN DE MATERIALES Y PROCESOS UTILIZANDO LA TÉCNI-
CA INTERFEROMÉTRICA OCT (TOMOGRAFÍA DE COHERENCIA ÓPTICA) 
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El objetivo central del trabajo es el presentar un equipo modular industrial 
de bajo costo utilizando la técnica interferometría de baja coherencia OCT 
(tomografía de coherencia óptica) para la caracterización de materiales y 
procesos. La técnica es no destructiva y sin contacto, permite determinar 
topografías y tomografías con un rango de 2 mm de espesor o profundidad 
y áreas en el orden del cm2 con una resolución espacial inferior al micrón. El 
equipo tiene un diseño modular con un enfoque en aplicaciones para con-
trol de calidad y monitoreo de procesos de producción en tiempo real e “in 
situ”. La medición se efectúa iluminando uno o varios puntos de la muestra 
y analizando las reflexiones con un código de procesamiento de señal. La 
técnica permite caracterizar procesos de cristalización, polimerización, 
secado de pinturas, lograr tomografías en muestras multicapa semitrans-
parentes y topografías en muestras opacas como metal. Se presentan 
resultados de diferentes caracterizaciones: espesores de recubrimientos 
(laca sobre tejido de fibra de carbono), rugosidad superficial (piezas metáli-
cas con diferentes mecanizados) entre las aplicaciones más destacadas.

INSPECCIÓN EN FONDO DE TANQUES CON EMISIÓN ACÚSTICA. DESA-
RROLLO DE UN CRITERIO DE ACEPTACIÓN PARA LA IMPLEMENTACIÓN 
DE LA NORMA IRAM 725.
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La Emisión Acústica (E.A) es una técnica de ensayo no destructivo con 
amplio rango de aplicación en la actualidad. Dentro de las aplicaciones más 
comunes podemos encontrar el monitoreo de: recipientes a presión, 
estructuras fijas y tanques de almacenamiento. En este trabajo se podrá 
principal interés en los aspectos que refieren al uso de la E.A para el monito-
reo del fondo de tanques de almacenamiento de hidrocarburos. Al aplicar 
la E.A en el fondo de un tanque de almacenamiento se busca detectar la 
presencia de fugas y/o corrosión activa [1]. Desde la entrada en vigencia de 
la Norma IRAM 725 [2], la cual se encuentra en vigencia desde el año 2019, 
nuestro grupo viene realizando los ensayos bajo esta normativa. Presenta-
mos un criterio de aceptación que cuantifica el daño según la energía de 
las señales emitidas por la fuente que lo genera, lo cual es posible debido a 
que el parámetro de la energía de E.A es una herramienta eficaz para la 
identificación de fuentes, generalmente refleja la intensidad de la misma 
[3]. Discutimos además los resultados obtenidos durante el  ensayo realiza-
do sobre un tanque que opera en la cuenca neuquina, donde pudo ser 
detectada una fuente de corrosión activa.
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La planificación del mantenimiento y la rehabilitación edilicia requieren 
partir desde un diagnostico completo y exhaustivo que de cuentas del 
estado del edificio y sus componentes. Para arribar a un diagnostico inte-
gral completo es necesario utilizar una variedad de herramientas, técnicas 
y métodos que permitan el estudio detallado de cada componente edilicio.
La aplicación de métodos de Ensayos No Destructivos (END) constituyen 
una herramienta de suma importancia para control y verificación del 
estado edilicio de forma fiable y segura sin producir nuevas roturas ni inte-
rrumpir o afectar las actividades de los usuarios. 
La utilización de los END, per se, no se traduce automáticamente en un 
diagnostico válido, sino que es un medio. Parte del éxito en su implementa-
ción reside en la metodología aplicada para definir su utilización y en la eva-
luación de sus resultados. 
El Programa de Mantenimiento Habitacional (PMH), desde hace más de 
veinte años desarrolla y aplica una metodología de relevamiento previo, 
basado en la norma ISO 6241 (actualmente ISO 19208), como herramienta 
sistemática y protocolarizada que facilita la recopilación de datos y su pos-
terior análisis. Dicha metodología es el sustento sobre la cual se define el 
uso de END a fin de ratificar hipótesis de causas y legitimizar el diagnóstico.
En este articulo desarrollaremos la experiencia del PMH aplicando la meto-
dología de relevamiento previo en distintos casos de vivienda social o coo-
perativa de la ciudad de Buenos Aires, donde se aplicaron tecnologías de 
END. El objetivo final es identificar y analizar los END y sus aportes al con-
trol de la calidad constructiva para generar un sustento de conocimiento 
para profesionales y gestores edilicios en pos incorporar el uso legítimo de 
END y viabilizar un control en el desempeño edilicio no invasivo, eficiente y 
sustentable.

UTILIZACIÓN DE LA EMISIÓN ACÚSTICA PARA EVALUACIÓN DEL 
DAÑOEN MATERIALES COMPUESTOS LAMINARES HÍBRIDOS
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La Emisión Acústica (EA) es una técnica de END ampliamente utilizada 
para el estudio de materiales compuestos dado que permite obtener infor-
mación de las fuentes que generan esta la emisión que suelen estar relacio-
nadas con defectos y fallas del material. Habitualmente se puede asociar el 
nivel de EA con la intensidad de la solicitación mecánica del material anali-
zando las cargas críticas sobre este antes de llegar a la rotura del compo-
nente y además, contando con un número suficiente de sensores, se 
pueden posicionar las fuentes que emiten dicha información ultrasónica 
para su posterior individualización y análisis. 
En el presente trabajo se ensayaron probetas de material compuesto lami-
nar híbrido (fibra de carbono – fibra de vidrio – resina polimérica) las cuales 
fueron construidas de manera tal de tener discontinuidades en el multila-
minado simulando defectos de fabricación tendientes a disminuir la resis-
tencia estructural del material. En la experimentación se estudiaron probe-
tas que fueron solicitadas mecánicamente a la flexión en ensayos de tres 
puntos. Durante los ensayos se midió la EA con 4 sensores piezoeléctricos 
para detectar y posicionar las fuentes de EA dentro del material. Adicional-
mente se digitalizó la carga de flexión de manera simultánea con la EA. Se 
estudiaron los parámetros de EA Amplitud, número de cuentas y energía 
MARSE principalmente. Se midió la velocidad de propagación de las ondas 
elásticas para el material y analizando los tiempos de vuelo hasta los 4 sen-
sores para cada evento se pudo establecer la posición de los defectos y la 
carga mecánica a la cual emiten EA. Luego de un filtrado en amplitud y del 
post procesamiento de la información a partir de las cuentas y la energía 
acumulada, los resultados permitieron asociar el nivel de carga mecánica, 
con las zonas de alta emisión y los defectos macroscópicos producidos 
durante la fabricación de las piezas.

OBSERVATORIO DE END EN ARGENTINA, UNA HERRAMIENTA PARA 
IMPULSAR EL SECTOR
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La disciplina de Ensayos No Destructivos en Argentina mantiene su creci-
miento a través de los años como así también su dinámica particular, que 
impacta transversalmente en varios rubros de la actividad industrial del 
país.
Hoy en día se trata de un ámbito que involucra una gran diversidad de acto-
res, tanto nacionales como internacionales que se relacionan entre sí de 
distintas maneras. Entre ellos podemos identificar, a modo de ejemplo, 
organismos de regulación, asociaciones civiles, empresas que prestan ser-
vicios, empresas que los demandan e instituciones académicas. 
En este escenario tan complejo, el desafío que se plantea es potenciar, arti-
cular y complementar las capacidades del sector de los END de manera de 
generar más fuentes de trabajo y mejorar la eficiencia de la industria nacio-
nal, y plantear su rol estratégico en aspectos de seguridad pública.
En este sentido, a partir de la vinculación estratégica entre Organismos 
públicos y privados, como ser el INTI y CEENDRA, surgió el interés en la 
creación de un Observatorio del sector de los END en Argentina, que fun-
cione de referencia para el sector. 
En este trabajo se presentará el camino recorrido por las instituciones, un 
mapa del sector de los END, los objetivos y antecedentes del Observatorio y 
sus potencialidades. Se expondrá también la experiencia de INTI-Mecánica 
en el trabajo con otros sectores industriales, su relevamiento de empresas 
de END y el trabajo que viene realizando la Cámara empresaria en este sen-
tido.

APLICACIÓN DE EXTENSOMETRÍA EN ENSAYOS DE PANDEO SOBRE 
COMPONENTES NUCLEARES
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Se presentan los resultados de una serie de ensayos de pandeo realizados 
sobre uno de los componentes internos de un reactor PHWR. Los mismos 
se llevaron a cabo para caracterizar una condición del sistema en la cual se 
producen dilataciones diferenciales de la vasija del reactor. Esta carga 
térmica, en conjunto con una condición de vínculo especial, provoca una 
solicitación mecánica del componente durante la parada del reactor no 
prevista en el diseño. Por lo tanto, a fin de determinar el estado de tensio-
nes en esta situación, se construyó un dispositivo (mock-up) que permita 
reproducir las condiciones de pandeo sobre el componente de manera de 
relevar las fuerzas y el desplazamiento resultante. Adicionalmente a las me-
diciones de cargas y flechas de pandeo, se colocaron un conjunto de exten-
sómetros en las zonas más comprometidas a fin de obtener el estado de 
deformaciones y tensiones resultante. Con los datos provenientes de los 
ensayos realizados se confeccionó un modelo de elementos finitos no lineal 
del sistema y se validaron los resultados del mismo. Esto permitió hallar el 
estado de concentración de tensiones en otras zonas del conjunto a fin de 
obtener el margen de seguridad del componente ensayado y verificar que 
no se supera el límite elástico del material del mismo.
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Muchas veces en las que las agresiones ambientales han generado daños 
de importancia a las construcciones y/o estructura, las malas prácticas de 
construcción se han combinado con la falta de prevención respecto de esas 
agresiones en las etapas de diseño y construcción. En el trabajo puesto a 
consideración del Comité Científico, se evaluarán dos casos en que esta 
combinación de factores ha derivado en costosas reparaciones en edificios 
industriales. A la vez, el trabajo es un llamado a la comunidad de los profe-
sionales de la construcción para concientizarlos de las cuestiones asociadas 
a la durabilidad de las estructuras, y cómo los END son una herramienta 
para controlar la calidad constructiva, a permitir un diagnóstico temprano 
de los problemas que pueden permanecer ocultos mucho más tiempo que 
el de las garantías contractuales.
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Oquedades en el hormigón armado pueden ser detectadas mediante 
ultrasonido o radar, pero en columnas grandes con mucha armadura peri-
férica las señales que se obtiene con estas técnicas pueden estar apantalla-
das por la presencia de la malla de acero. En el presente caso se realizó un 
estudio de 14 columnas de 50 x 50 cm en las cuales, al ser desencofradas se 
observaron múltiples defectos superficiales de llenado, lo que generó la 
inquietud por conocer si estos defectos también estaban presentes en el 
interior de las columnas. La técnica de gammagrafiado no era en este caso 
aplicable dada la dimensión de estas piezas. Por lo tanto, se diseñó un 
nuevo sistema “gammamétrico” consistente en un doble riel sobre el cuál 
se deslizó una fuente radioactiva y un detector espectrómetro gamma a 
cada lado de las columnas. Lo destacable en este caso es que se utilizó un 
detector de muy alta eficiencia, lo que hizo posible el uso de una fuente de 
baja intensidad y realizar estas mediciones sin necesidad de interrumpir las 
tareas de rutina en el establecimiento donde se llevó a cabo el estudio. En 
la presentación se mostrará el sistema utilizado y los resultados obtenidos 
con esta técnica que hasta donde sepamos es novedosa para este tipo de 
aplicación en la ingeniería civil.
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