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Abstract: Moisture is one of the major causes of building decay, compromising the indoor air quality
and the durability of building components. Infrared thermography is a non-destructive technique
that can be used to prevent damage caused by the presence of water. In this study, the potential of
Principal Component Analysis (PCA) was assessed as a quantitative technique for processing the
thermal images captured during 24 hours of water absorption by a lightweight concrete specimen.
PCA showed that the first principal component is the one that better explains the phenomenon. The
initial instant was the most interesting to identify the water level in the sample and the final instant
allowed defining the first 8h as the most relevant.
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1. Introduction

Moisture is one of the major causes of building decay, compromising not only indoor air quality
but also the durability of building components. Infrared thermography (IRT) is a non-destructive
technique that allows the inspection of buildings and can be used to prevent damage caused by the
presence of water.

Changes in moisture content can be detected by IRT because they cause variations on surface
temperature, due to three physical phenomena: evaporative cooling at the moist area, reduced
thermal resistance and increased heat storage capacity of the moist material.

The authors that applied IRT to detect moisture in building components used mostly a
qualitative approach [1-8]. Only a few were able to establish a criterion for a quantitative assessment
of the problem [9-13].

The quantitative analysis of the results of IRT can be carried out using different techniques, as
Principal Component Analysis (PCA). Several authors [9,11,12,14-16] have used this method, mostly
to reduce the data set and to highlight defects in building materials and components. Other
advantage of this method is to minimize the influence of external parameters as emissivity variation
and environmental reflections. Despite the potential of using PCA to analyze quantitatively the
results of IRT, it is still not sufficiently widespread and, therefore, additional research is required.

In this study, the potential of PCA was assessed as a quantitative technique for processing the
thermal images captured during 24 hours of water partial absorption by the top of a lightweight
concrete specimen. The temporal approach was used, as the data in each instant was subtracted,
separately, by: (a) the data of the initial instant and (b) the data of the final instant.
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2. Materials and Methods

2.1. Test Procedures

In this experimental campaign a lightweight concrete specimen was used. Table 1 shows the
main characteristics of the material under study. The specimen was partially humidified by the top
surface, inside a climatic chamber (20 + 0.5 °C and 60 + 2%). Before the water absorption began, the
specimen was dried in an oven at 110 + 5 °C, until mass stabilization was reached, and then was
cooled during 24 hours in a desiccator to 20 +5 °C. The water absorption was guarantee by
maintaining a water level of 5 + 2 mm at the top of the specimen during 24 hours, by using a silicone
sealant of about 10 mm thickness near the specimen edges. The amount of water absorbed was 58 g.

Table 1. Main characteristics of the lightweight concrete under study (measured).

Dimensions 0.28 x 0.21 x 0.075 m3
. 1351 kg/m?3
Dry density (BS EN 1239go-7:2000)
Water absorption 4.521 x 108 g/(mm?2.ho5)
coefficient (ISO 15148:2002)
Lo 091
Emissivity

(ASTM C1371 - 04a)

Thermal images were taken every 5 min during the first 8 hours and every 10 min during the
remaining 16 hours, in a total of 24 hours of humidification process. A passive approach was used
and the infrared (IR) camera remained in the same position during the entire test. The climatic
chamber was lined with black cardboard and the IR camera was programmed to capture the images
automatically, to avoid reflections. All compensations imposed by the IR camera were carried out
before the beginning of the test. The specifications of the IR camera are displayed in Table 2.

Table 2. Main specifications of the IR camera.

Measuring range -20 °C to 100 °C
Resolution 0.06 °C at 30 °C, 60Hz
Accuracy 2 °Cor £2%
Detector FPA (microbolometer)
Spectral range 8 and 14.0 pm
LE.OV 1.2 mrad
Thermal resolution 320 x 240 pixels
Field of view 22° x 16°

2.2. Imaging Processing— Principal Component Analysis (PCA)

The PCA was used to reduce the data set and define the representative image of the absorption
phenomenon. The data was analysed for the entire humidification period (24 hours) and for three
periods with 8 hours each. The temporal approach was adopted as each thermal image corresponded
to an instant of the measurement. To avoid or to reduce the influence of any eventual noise in the
measurements, which could mask the effect of humidification on the temperature patterns, each
thermal image of the data set was subtracted by a reference thermal image captured at a key instant
during the test. Two instants were selected as reference: initial instant (thermal image T007) and final
instant (thermal image T193). Figure 1 shows the reference thermal images (T007 and T193) and the
respective boxplots representations. Temperatures were higher on the initial thermal image than on
the final one, as at the beginning of the test the specimen was completely dry and at the end the
absorbed water induced the surface cooling due to evaporation.
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Figure 1. Reference thermal images: (a) At the initial instant (T007); (b) At the final instant (T193);
(c) Boxplots representations.

3. Results and Discussion

Figure 2 shows the temperature maps resulting from the application of PCA, considering the
four periods of analysis (0-24 hours, 0-8 hours, 8-16 hours and 16-24 hours) and the two reference
instants for image subtraction (T007 and T193). Only the first Principal Component (PC) is displayed,
as it was the one that better explained the variance of the data set. Table 3 presents the number of PC
and the respective percentage of explained variance for every tested scenarios.

0-24 hours 0-3 hours 8-16 hours 16-24 hours

Tx-T0O7

Tx-T193

Figure 2. First Principal Component considering the four periods of analysis (0-24 hours, 0-8 hours,
8-16 hours and 16-24hours) and the two reference instants for image subtraction (T007 and T193).

Table 3. Number of Principal Component (PC) and respective percentage of explained variance.

Explained variance (%)

Tested scenario Number of PC PC1 PC2 PC3 PC4 Total
Tx-T007; 0-24 hours 2 943 23 0 0 96.6
Tx-T193; 0-24 hours 4 558 11.6 1.6 0.9 69.9

Tx-T007; 0-8 hours 2 915 4.1 0 0 95.6
Tx-T193; 0-8 hours 2 774 5.2 0 0 82.6
Tx-T007; 8-16 hours 1 97.9 0 0 0 97.9
Tx-T193; 8-16 hours 2 59.3 3.2 0 0 62.5
Tx-T007; 16-24 hours 1 98.3 0 0 0 98.3
Tx-T193; 16-24 hours 1 52.1 0 0 0 52.1

The results show that, when using the initial thermal image (T007) as reference and the entire
absorption period is analysed, it is possible to identify on the temperatures map the area affected by
the absorbed water as well as the different levels of humidification, related to different amount of
evaporated water at the surface. If the analysis is based on the three 8-hours periods (0-8 hours, 8-16
hours and 16-24 hours), the maps allow visualizing the growth of the wet area over time, specially
near the top of the specimen where the liquid water is in direct contact with the material.
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using the final thermal image (T193) as reference, and if the entire absorption period is analysed,
the results are very similar to the ones obtained when subtracting image T007. However, in this case,
the temperature differences, at the wet area, are now positive, as the surface temperatures at the end
of the humidification period are the lowest. For the three 8-hours periods under analyses, the
temperature maps do not highlight the humidification in a very effective way, since its components
explain the variance in smaller percentages. However, one can state that the first 8 hours of
humidification are the most relevant as, in this period, the explained variance achieve values closer
to the ones obtained for the entire period.

4. Conclusions

Principal Component Analysis (PCA) was used as a quantitative technique for processing the
thermal images captured during 24 h of water absorption by a lightweight concrete specimen. PCA
showed that the first principal component is the one that better explains the phenomenon. The initial
instant was the most interesting to identify the water level in the sample and the final instant allowed
defining the first 8 h as the most relevant.
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