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Extended Abstract 
Thermal non-destructive testing is more and more applied even in the field of cultural heritage conservation. The main 

reason is the capability of inspecting large surfaces without any contact or damage. A large number of testing procedures 

and processing algorithms allows reaching reliable results both in laboratory or in situ. Well established or 

innovative techniques are based on the analysis of the thermal process during the quasi-steady or the transient regime. IR 

thermography may be applied qualitatively or under advanced processing, accordingly to particular demands. The 

quantitative use of thermography allows an effective investigation of the decay and identification of the causes of the 

material weakness. Furthermore, the knowledge of the hidden history of the monument is enhanced by a view in the IR. 

Thermal Non Destructive Testing could analyse different works of art and decay forms. Results given for the following 

case study are illustrated: fresco detachment sizing, classification and visualization of the building materials below the 

finishing layer, structural cracks identification for the seismic risk evaluation, monitor of the moisture of structures. 
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1.  Overview 
 

IR thermography has been successfully applying since ‘60 in many fields for several purposes. The 

map of surface temperature is an prevailing method to control buildings, as well as humans or animals 

body, electrical appliances, engines, electronics, corrosion, fire. Thermography is also extensively 

applied for experimental study of thermo-fluid-dynamic, for the evaluation of thermal and mechanical 

properties of different materials, automotive guidance Environmental controls, etc. Others qualitative 

uses of IR detectors are related to surveillance, law enforcement, military and security [1]. 

Thermography is gaining an increasing role in The Non-Destructive Evaluation of materials due to its 

non-contact nature and the great informative content of images, but above all, because temperature and 

heat are so deeply involved in any physical process. Furthermore, the imaging capability of this 

method allows an easy understanding of results. The main goal of research is finding out a reliable 

testing procedure and an easy processing algorithm able to transform the surface temperature 

distribution, eventually changing in time, into the searched information. That is, to identify, locate and 

sometime characterise whatever is pre-defined as a defect of the part. 

The Non-Destructive Testing and Evaluation (NDT/E) fits well with the optical nature of IR 

thermography. Particularly, the Thermographic survey for the Cultural Heritage conservation is well 

documented [1, Cap.18]. Thermal Non-Destructive Evaluation (TNDE) techniques are sensitive to a 

wide variety of structural defects, such as voids, inclusions, delaminations, cracks, moisture 

accumulation, material decay and any type of flaw that determines a step or gradual change in 

thermophysical properties of the target. Nevertheless, the concept of defect or anomaly is not 

appropriate for this particular application, because very often the knowledge of the missed history of 

the work of art is the ultimate goal of the inspection [2]. Furthermore, the aid given by thermography 

to the detection of hazards, due to different risk factors as seismic activity, structural weakness, or 

simply the environment are very important issues for the cultural heritage conservation [3]. 

Generally, the restoration activity and the monitoring of the intervention should be based on results of 

combined interpretation of thermal maps with the visual images. Very often, the interpretation of 

results is much more challenging than for industrial issues, due to strong limitations in handling the 

target. More important, the test could be very complex due to the superposition of different forms of 
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decay, as in case of analysing large monuments with centuries of life. In such cases, it is needed the 

integration of different non-destructive methods. For instance the combined use of Ultrasounds 

tomography or indirect technique, Shearography, Digital radiography, NMR or Microwave testing, etc. 

with thermography has been attested to achieve a better result. Nevertheless, the comparison of results 

given by different methods is not trivial, because of the great variability of the materials, which may be 

hundreds years old. Therefore, sometimes the result strongly depends from the probed volume, which 

is typical by each method. 

It must be stressed that thermography greatly expand its usefulness from the mere surface analysis up 

to the investigation of the whole body just managing the inverse thermal problem. Of course, the depth 

of the probed layer strongly depends on the materials thermal properties and generally is in the range 

of centimetres. 

The impressive improvement of the microelectronic gives two main advantages to updated 

applications of thermography: a constant increasing thermal and geometrical resolution of new sensors 

and a much powerful computational power, allowing a real time processing of digital thermograms. 

These factors make possible the usage of complex analytical and numerical procedures to invert the 

thermal process. For instance, the integration of sophisticated models into the processing algorithm is a 

very promising tool for an easier analysis. Therefore, starting from surface temperature maps produced 

at frequencies even higher than TV rates it is possible to fulfil important tasks for cultural heritage. 

Mature applications are: 

� the check of the finishing layer, looking for delamination from the bulk, which is particularly 

important in case of frescoed plaster; 

� the knowledge of the architectonic elements of the monument and used materials hidden by the 

plaster, this is very important for the structural analysis; 

� the evaluation of thermal performances of the envelope and the electrical and thermal plants; 

� the identification of anomalous level of moisture in the materials, including wood, stone, bricks, 

plaster, etc. and its space distribution; 

� the evaluation of ageing and decay of materials due to porosity, cracking, water intrusion, etc.; 

while upcoming application of thermography in building control are: 

� the detailed mapping of the microclimatic conditions; 

� the evaluation of thermophysical properties of materials, both in laboratory and in situ. 

 

2.  A few examples 
 

Generally, surface temperature map is related to specific heat flux, geometry and materials thermal 

properties. In case the exchanged heat flux from the inspected surface and the surrounding is nearly 

even, the temperature of a reference area and a defected one will be different, depending on the 

thermal property and geometry of the defected volume. Therefore, an imposed heat flux is used as 

probing tool and the temperature varying on the surface is analysed both in space and time or 

frequency domain. A crucial point is the setting up of a suitable mathematical model for managing the 

thermal problem. The inverse thermal problem allows to infer information inside the body from the 

surface temperature or flux maps, but is more difficult than the direct one, because it is generally ill 

posed. The effectiveness of TNDE techniques in the quantitative evaluation of structural flaws 

strongly depends on the availability of reliable inversion algorithms, correlating the surface response 

with the characteristics of defects. These inversion algorithms can be determined by analytical 

methods or heuristically. The evolution of the surface temperature is used to assess the variations of 

the thermophysical properties inside the material and can provide information on the presence, 

dimension and depth of sub-surface discontinuities. 

Normally, the test is performed scanning one side of the target and many images must be merged. A 

less practical configuration is used when the surface opposed to the heated one is analysed. 



2.1 Passive Thermography 

 

An interesting option is the usage of natural heat sources, as the solar radiation or the slow 

microclimate temperature varying. In such a case the processing of a steady image is enough for the 

test, due to the dynamic characteristics of the thermal signal. For instance, the Figure 1 shows on the 

left an interior of a heritage building used as a school, where the regular air temperature variation 

during winter time is enough to clearly detect at the same time a plumbing defiance and a hidden 

change in the wall bonding, demonstrating a previous arrangement of the building. In fact, the 

thermogram on the wright shows a large cold blob indicating the evaporation of water leaked from a 

broken pipe; as well as, the different shape of the bricks used below the present window (marked with 

red dotted lines in the picture). The regular pattern of the stone blocks is clearly seen, due to the higher 

thermal flux crossing the stone than the original building material (outside temperature 5°C). This 

information allows both a prompt intervention, before serious damages appear and an updating of 

structural data about the building, because previously there was a large door (not documented), now 

partially closed with stone blocks. 
 

 
Figure 1. Interior of a school within an heritage building, where a water leakage corresponds to the lower temperature of 

the wall and floor is due to surface evaporation and a hidden previous opening is detected below the window (marked on 

the visual picture), because of the regular pattern of the stone blocks used to partially close it. 

 
2.2 Active Thermography: the Seismic risk evaluation helped by IR thermography 

 

In transient TNDE techniques, a non-contact thermal input is applied onto a surface of the inspected 

body by means of lamps, air guns or devices making the surface vibrate. The temperature of the 

surface around to the excited area is measured by infrared thermography, either during or after the 

thermal input application at a suitably frequency. 

The next example is taken from the church of S. Lucia (Rocca di Cambio, AQ, Italy) April 2009, a few 

days after an earthquake when more than 300 people died in the region. Figure 2 shows part of the 

very large fresco (hundreds m
2
) inspected in order to immediately decide if detach it from the wall or 

not. The survey was carried out in a single day warming the indoor air by means of a portable hot air 

blower (power 25 kW; flowrate 900 m³/h), burning propane gas. A sequence of 220 thermograms was 

processed using Principal Component Analysis [4] in order to enhance the thermal signal due to the 

increased thermal resistance of the air layer given by the delaminated plaster. The brighter areas 

indicate the defected zone, but more important, the warm air makes warmer than normal the areas 

affected by structural cracks. The crack pattern and week points indicated by thermography makes 

extremely urgent to support the whole wall to prevent its collapse. 

 



   
 
Figure 2. Endangered fresco by an earthquake: picture and thermographic detection of delaminations and structural cracks 

 

The same approach can be spoiled for the assessment of structural integrity of buildings, aided by IR 

Thermography. In such a way, a preventive seismic risk is assessed systematically in seismic areas [5]. 

Starting from single images and sequences, combined both in time or space, according to dedicated 

algorithms, some parameters very useful to evaluate masonry can be extracted. The seismic risk of a 

building is much more cost effectively and extensively derived using such a data as input for the 

model than the traditional partially destructive tests. It is quite impressive to notice the correlation 

between week points indicated by thermography, before the earthquake and the collapsed parts. 

 

3.  Conclusions  
 

IR Thermography is applied with increasing friendship for NDT of cultural heritage, mature and 

advanced applications demonstrates the great advantage of this imaging, non-contact method. 

Traditional qualitative tests are nowadays coupled with more sophisticated and quantitative 

techniques. Integrating the thermographic investigations with mathematical modelling it is possible to 

achieve a fast, reliable and cost effective survey of large monuments. 

Another combined use of optical temperature measuring and inverse thermal problem solution has 

been developed for the measurement of thermal properties of solids. Particularly, thermal diffusivity 

and thermal inertia are useful not only directly in order to compute the temperature pattern, but to 

classify material decay. For instance bricks’ walls can be ranked according to their moisture content. 
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