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Abstract: One of the main sources of damage to historical buildings is the presence of humidity. It is
fundamental to develop a diagnosis protocol to identify the presence of water, evaluate the damage
in a building (the whole structure, part of it or individual materials), assess its vulnerability and,
finally, carry out a restoration plan. IR thermography is a sustainable method to guarantee structure
analysis and preservation. Here, an application is presented, permitting us to identify the wet and
dry areas and transition zone related to evaporation on the surface of the investigated materials.
Thanks to temperature maps, it is possible to observe saturated regions, qualitatively at first and
then quantitatively, processing the images by plotting reference lines/points and correlating surface
temperatures with moisture.
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1. Introduction

Infrared thermography (IRT) can investigate moisture content and identify related
damage in buildings’ structures. When water soaks the masonry structure through the
capillary networks of porous materials, the moisture content increases [1], bringing mechan-
ical, physical and aesthetic problems [2]. IRT monitoring consists of assessing temperature
gradients in thermal images at the time of analysis, summarizing the time sequence in a
single graph or database that includes the most important information. Here, the consid-
ered method consists of a qualitative thermographic analysis (permitting wet and dry area
identification) that follows a rising process until an equilibrium state is reached. Later on,
it could evolve into a quantitative analysis that determines the real moisture content in
the building [3–8]. This diagnosis involves testing directly in situ without damaging the
masonry structure, preserving walls intact, which is especially advisable when the surfaces
are decorated with stucco or frescoes. This work aims to analyze the strength of the IRT
method for quantitatively estimating the moisture content and rising damp process in
cultural heritage, beginning with a basic laboratory test.

2. Method

An IRT non-invasive method was used to investigate the rising damp phenomenon in
masonry mock-ups (length 100 cm, height 120 cm, thickness 25 cm), consisting of traditional
construction materials used in Venetian practice (Table 1). They were dipped in a tank
containing water up to several centimeters at their bases, simulating ascent by imbibition,
such as in a real environment. The ambient conditions were temperature 20 ± 3 ◦C and
relative humidity 60 ± 15%.
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Table 1. Structure composition of laboratory mock-up.

Mock-Up Type Composition

M1 New brick (for restoration) + premixed mortar
M2-L New brick (for restoration) + premixed mortar + lime plaster
M3-C New brick (for restoration) + premixed mortar + Cocciopesto plaster
M5-M New brick (for restoration) + premixed mortar + Marmorino plaster
M8 New brick (for restoration) + lime mortar
M10 Historic brick + lime mortar

IR images were collected every minute in the first hour of imbibition, every 10 min in
the first 24 h and finally monthly, using an FLIR T1020 camera. Furthermore, to improve
the thermal analysis, three types of thermal cameras were used to observe the differences
between them, concerning the FOV, resolution and object temperature, at the same oper-
ating conditions and same moment of recording data: 0.95 emissivity, 18.5 ◦C reflected
temperature, 18.5 ◦C indoor temperature, 66% relative humidity (at the time of analysis)
and a 3.00 m distance. The IR cameras used are presented in Table 2 [9].

Table 2. IRT camera technical specifications.

FLIR T1020 FLIR SC660 Western FLIR B400 Western

Focal Length 36 mm 19 mm 10 mm
Resolution [pixel] 1024 × 768 640 × 480 320 × 240
Field of View 12◦ × 9◦ 12◦ × 9◦ 25◦ × 19◦

Spectral Range 7.5–14 µm 7.5–13 µm 7.5–13 µm
NETD <20 mK @ + 30 ◦C <30 mK @ + 30 ◦C <50 mK @ + 30 ◦C

3. Results and Discussion

Thermal image processing consists in of a vertical temperature profile in the middle of
the mock-up. The data show a rapid water level increase during the first 24 h of imbibition;
then, the velocity decreases and the level reaches a steady condition, which depends on
the material used in the structure. Figure 1 shows the rising damp level, considering the
surface temperature (T) normalized by the dry temperature of the sample (Td). It can be
seen that the trend of the curve is very similar to the RE (evaporation rate) and evaporative
thermal index (ETI) curves identified by Tavukçuoğlu and Grinzato [3] in their studies on
critical moisture content in porous materials. That work focuses on red brick, the same
brick used in the mock-up analyzed here (M1/M8). All the mock-ups have a similar trend
of rising damp, with small differences recorded: M1 shows a low level of rising damp
up to ~10 cm; M8 a wet region up to ~13 cm; M10 a wet region up to ~4 cm and finally,
M2-L, M3-C and M5-M (plastered masonry) show a higher wetting level of ~11–13 cm.
The transition region between the wet and dry area extension depends on the building
materials used and their hygroscopicity parameters, but over the 24 h imbibition period, it
is almost the same within the mock-ups, of about 13 cm. M8 with traditional lime mortar
shows a significantly higher level of rising damp than the mock-ups made with premixed
mortar. Thus, it can be said that traditional mortar and plaster have superior hygroscopic
properties, which facilitate the ascent of humidity. The mock-up with traditional recycled
bricks (M10) shows a jagged waterfront with not-so-visible flexure points, but with a more
linear upward trend resulting from the non-uniform nature of the bricks (components
and firing process). It is also important to consider the boundary conditions: in this case,
the laboratory experiment has limited fluctuation in temperature and relative humidity.
Moreover, there are no influences of rain or solar radiation.
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In the frame of the experimentation, three thermographic systems with different 
characteristics were utilized. The comparison of thermal images between various thermal 
imaging cameras (Figure 2) highlights how the technical specification could affect the 
quality of images and the results. 
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Figure 1. Thermal image processing of mock-ups in laboratory to assess the rising damp level: (a) 
indication of vertical profile considered and (b) level of rising damp on mock-up, values after 24 h 
of imbibition. 
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Figure 2. Area of the M1 mock-up viewed using different cameras: (a) FLIR T1020, (b) FLIR SC660 
Western, (c) FLIR B400 Western. 

As in Figure 1, the same trend of rising damp can be observed in Figure 3 by com-
paring six measurement points (at 1,-6, 15, 25, 40, 70 cm, in the middle of the sample) using 
different cameras and evaluating the noise of the data. The trend is the same, with an 
alignment of the T1020 and SC660 Western on the right side of the graph, meaning that 
the cameras recorded the same surface temperature in the dry sample. The mean standard 
deviation for the points is 0.39, particularly influenced by the third camera B400 Western, 
because it recorded a higher temperature due to its lower resolution and lower thermal 
sensitivity. 

Figure 1. Thermal image processing of mock-ups in laboratory to assess the rising damp level:
(a) indication of vertical profile considered and (b) level of rising damp on mock-up, values after 24 h
of imbibition.

In the frame of the experimentation, three thermographic systems with different
characteristics were utilized. The comparison of thermal images between various thermal
imaging cameras (Figure 2) highlights how the technical specification could affect the
quality of images and the results.
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Figure 2. Area of the M1 mock-up viewed using different cameras: (a) FLIR T1020, (b) FLIR SC660
Western, (c) FLIR B400 Western.

As in Figure 1, the same trend of rising damp can be observed in Figure 3 by comparing
six measurement points (at 1, 6, 15, 25, 40, 70 cm, in the middle of the sample) using different
cameras and evaluating the noise of the data. The trend is the same, with an alignment
of the T1020 and SC660 Western on the right side of the graph, meaning that the cameras
recorded the same surface temperature in the dry sample. The mean standard deviation
for the points is 0.39, particularly influenced by the third camera B400 Western, because it
recorded a higher temperature due to its lower resolution and lower thermal sensitivity.
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Figure 3. Output data of thermal images captured by three different IRT camera. 

4. Conclusions 
This work briefly investigated the IRT method to study buildings being affected by 

moisture. The analysis protocol set up gave good results. The technique can be automated 
using an analysis process to speed up the time taken and standardize the diagnosis on 
buildings in situ. A careful prior adjustment of some variables is needed. 

The future perspective is to correlate the surface temperature data using thermal 
maps with the quantitative surface moisture content, begin to gather knowledge on the 
suction and evaporation processes in building materials, compare data in terms of spatial 
information (as in this case in the profile of mock-up) and conduct temporal analysis. The 
development of guidelines setting up a protocol of analysis of IRT for moisture evaluation 
is needed, useful for drafting a standard on the subject, which is currently absent. 

The three IRT cameras utilized in the experimentation appear adequate to furnish IR 
images with the sufficient temperature and spatial resolution. This permits the transfor-
mation of data from qualitative into quantitative. In addition, it is also important to con-
sider appropriate operator training for proper data interpretation. 
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Figure 3. Output data of thermal images captured by three different IRT camera.

4. Conclusions

This work briefly investigated the IRT method to study buildings being affected by
moisture. The analysis protocol set up gave good results. The technique can be automated
using an analysis process to speed up the time taken and standardize the diagnosis on
buildings in situ. A careful prior adjustment of some variables is needed.

The future perspective is to correlate the surface temperature data using thermal
maps with the quantitative surface moisture content, begin to gather knowledge on the
suction and evaporation processes in building materials, compare data in terms of spatial
information (as in this case in the profile of mock-up) and conduct temporal analysis. The
development of guidelines setting up a protocol of analysis of IRT for moisture evaluation
is needed, useful for drafting a standard on the subject, which is currently absent.

The three IRT cameras utilized in the experimentation appear adequate to furnish IR
images with the sufficient temperature and spatial resolution. This permits the transforma-
tion of data from qualitative into quantitative. In addition, it is also important to consider
appropriate operator training for proper data interpretation.
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