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Abstract 
Applications of Infrared thermography in civil engineering are not limited to the identification of heat losses in 
building envelopes. Within recent years there has been an increase in the use of infrared thermography as a non-
destructive method for detection of the defects and anomalies in various civil engineering structures. Infrared 
thermography in non-destructive testing is aimed at the discovery of subsurface features of structures, to locate 
the defect. Afterwards, by using other non-destructive methods defects can be effectively quantified.  
This paper shows the study of material homogeneity in the water intake structure using infrared thermography. 
Areas of low quality concrete were correctly detected and mapped. Infrared thermography has proved to be an 
effective tool for fast and qualitative inspection of a structure's state. 
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1.  Introduction 
 
Over the past few years, many techniques have been developed in order to evaluate the state 
of reinforced concrete structures, to detect the location and the extent of construction defects 
or damaged zones in a non-destructive way [1].  
Although infrared (IR) thermography has been widely used in civil engineering for the 
identification of heat losses in building envelopes, thermal methods with remote infrared 
imaging systems are used for non-destructive evaluation of materials and structures [2].  
Non-destructive evaluation with IR thermography generally consists of thermal stimulation of 
the object under examination and monitoring of its surface temperature variation during the 
transient heating or cooling phase (Figure 1). The analysis is performed by relating to heat 
conduction in solids where thermal energy propagates by diffusion under the surface while an 
infrared camera monitors the temperature variation over the viewed surface [3]. Presence of 
inhomogeneities in a material affects the heat propagation and causes a local temperature 
variation.The only precondition for detection is that defects in the object under examination 
lead to a sufficient variation of thermal properties compared to the bulk material [4]. 
 

 
 

Figure 1. Thermal stimulation of the object under examination with IR thermography 
 
It is known that IR thermography has some limitations when dealing with deep and low 
thermal resistance defects, but it has proved to be still useful in conjunction with high-depth 
techniques [5]. 



2.  In-situ testing 
 
Submerged concrete walls of the water intake structure of “Zvir 1” pumping station in the 
Croatian city of Rijeka (Figure 2) were investigated.  
 

 
 

Figure 2. Birdseye view of the waterwell “Zvir” 
 

Water intake structure of the pumping station is submerged into the spring water from all four 
sides and the water flow is controlled by the water gates. When emptied, the water intake 
structure suffers from significant water ingress through the concrete walls due to the water 
pressure from the outside and inhomogeneities of the concrete itself.  
There are many visible defects on the concrete walls like honeycombs that accrued during the 
construction of the structure and were enhanced by the water flow (Figure 3). 
 

 
 

Figure 3. Visible defects in the concrete walls 
 
The purpose of presented investigation was to detect non homogeneous areas of concrete 
walls, defects or damages located close to the surface of the water intake structure walls and 
the method used was infrared thermography. Infrared thermography has been chosen because 
it works without contact, allows the inspection of a very large surface and it allows quick 2D 
surface mapping of the structure than other available non-destructive methods.  
 
In-situ testing was performed in two phases, on February 19th, 2010 between 9:40 am and 
10:40 am, and March 31st, 2010 between 10:30 am and 01:00 pm. 
 
FLIR ThermaCam P640® infrared camera, which is able to detect very small temperature 
differences (temperature resolution is 0.06 °C at 30°C) and has a high resolution pixel 
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detector of 640x480 pixels, was used. The camera detects the emitted radiation from the 
surface of the object under examination in the spectral range from 7.5 to 13 µm.  
 
The principle of the testing was as follows, the water intake structure was drained seven days 
before the investigation started in order to insure that majority of the residual water on the 
surface of the walls will dry. By doing this it was assured that all the water visible during 
investigation would be due to the water ingress. Because of the fact that there were no special 
heaters used it could be assumed that the temperature distribution is uniform in case of a 
homogeneous material.  
The presence of a defect at a certain depth or a low quality concrete enhances the water 
ingress through the concrete. The quantity of water on the concrete walls is proportional to the 
homogeneity of the concrete. Principle o investigation is graphically shown on the cross 
section of the concrete wall in figure 4. 
 

 
 

Figure 4. Principle of investigation  
 
The emissivity values of both concrete and water are very high, the emissivity of concrete is ε 
= 0.92 and the emissivity of more than 0.1 mm thick layer of water is ε = 0.95-0.98 [6], which 
ensures that there should be no significant impact of reflection on the measurements. 
The measurements were done by using 24° lens from a distance between 4 and 7 m from the 
area of interest, respectively. Figure 5 shows the plan of the water intake structure with the 
location of measuring positions provided that on each position six thermograms were taken to 
cover the whole height of the structure which is 8 m.  
 

 
 

Figure 5. Plan of the water intake structure with the measuring positions  



3. Analysis of thermograms 
 
The thermograms were analysed in the way that they were classified into three groups, 
according to “thermal activity” and the position of the area that was measured in relation with 
the water level outside.  
 
Here, “thermal activity” is defined as the area of the thermogram that reads the temperature 
outside the boundary value, which was set for every thermogram in order to define the filter 
for the analysis, as described below. 
 
During the first phase of investigation, on February 19th, 2010 temperature of the water was 
higher than the temperature of air and the temperature of homogeneous area of concrete.  
Thermograms taken on that day were analysed taking into account the following assumptions: 

 Temperature of the water is higher than 8.5 °C, thus temperature of the 
inhomogeneous areas of concrete walls would be higher than 8.5 °C, while 
homogeneous areas would be having the temperature lower than 8.5 °C, figure 6. 

 The thermograms of the area that is under greater hydrostatic pressure would have 
higher “thermal activity” than those of the areas closer to the water surface. 

 

a)  b)   
 
Figure 6. a) Fusion of thermogram and digital image of the area on position 14-15, taken 1 m 

above floor of the structure; b) IR profile for the object „Li1“ 
 
During the second phase of investigation, on March 31st, 2010 temperature of the water was 
lower than the temperature of air and the temperature of homogeneous area of concrete.  
Thermograms taken on that day were analysed taking into account the following assumptions: 

 Temperature of the water is lower than 10 °C, thus temperature of the inhomogeneous 
areas of concrete walls would be lower than 10 °C, while homogeneous areas would 
be having the temperature higher than 10 °C. 

 The thermograms of the area that is under greater hydrostatic pressure would have 
higher “thermal activity” than those of the areas closer to the water surface. 

 
Based on the thermograms that were analyzed in the way which isolates temperatures above 
8.5 °C and below 10 °C, respectively, it is clear that 7 days is enough time for homogeneous 
areas to dry up, figure 7.  
 
Everything shown above indicates that majority of “thermal activity” visible on the 
thermograms is water as a consequence of the ingress through concrete walls due to the 
hydrostatic pressure from the outside. 
 



      
 

Figure 7. Thermograms showing the homogeneous areas of the concrete walls 
 
4. Results 
 
For qualitative data analysis, thermograms were compared and some regularity was noticed in 
relation to homogeneous areas and inhomogeneous areas of the concrete walls and also the 
position of the measured area in relation with the water level outside.  
The thermograms were classified into three groups: 

1. “Wet” (W) – High “activity” on the concrete surface, inhomogeneous concrete 

2. “Moist” (M) – Some “activity” on the concrete surface 

3. “Dry” (D) – Little “activity” on the concrete surface, homogeneous concrete 
 

 

 
Figure 8. Schematic representation of obtained data 
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The whole surface area of unfolded walls was mapped in order to assign obtained data to 
specific location on the wall, figure 8. Because of the fact that almost whole surface area was 
scanned, it was possible to estimate what percentage of the wall belongs to each classification 
group. 
 
Generally, the quality of the concrete walls can be distinguished with the height of the wall as 
follows in table 1. 
 

Table 1. Summary of the data obtained with IR thermography  
 

SEPARATED WITH THE HEIGHT OF THE 
WALLS 

CLASSIFICATION 

% OF THE 
CONCRETE 

WALLS 
SURFACE AREA 

From the bottom of the water intake 
structure to the height of 5 m  
(8 m bellow the water level to 3 m bellow the 
water level) 

“Wet” (W) 74 

“Moist” (M) 16 

“Dry” (D) 10 

From the height of 5 m  up to the 8 m from 
the bottom of the structure  
(3 m bellow the water level to the water level) 

“Wet” (W) 10 

“Moist” (M) 40 

“Dry” (D) 50 

 
5 Validation of IR thermography data 
 
Results of concrete homogeneity gained with infrared thermography were ascertained by 
performing non-destructive testing on the walls. Ultrasound testing and rebound hammer 
testing were performed on 14 different locations, while concrete cores, 50 mm in diameter 
were drilled from the walls on 4 different locations. Cores were taken in order to perform 
laboratory testing of gas permeability, capillary absorption, bulk density and compression 
strength which can all be used to evaluate concrete quality. The results were compared to 
concrete quality criteria that are being used in practice in Croatia [7, 8] 
 
After visual inspection all of the mentioned locations that were used were classified as 
locations without any visible defects. 
 
Average value of ultrasound velocity gained is 3730 m/s with the standard deviation of 233 
m/s which are showing moderate inhomogeneities in the concrete, table 2.  
 
Table 2. Criteria for evaluation of concrete quality by measuring ultrasound velocity [9] 
 

Ultrasound velocity (m/s) Concrete quality

> 4000 Good 
3000 - 4000 Medium 

< 3000 Poor 

 
It should be noted that results from three locations showed that there are large defects in the 
walls. 
 



Gas permeability coefficients calculated from three tested specimens indicate medium 
permeability of the concrete, average value was 1,081E-17 m2, table 3, also coefficient of 
capillary absorption is showing large dissipation of concrete properties even of the samples 
taken from the same core, on different depths. 
 

Table3. Criteria for evaluation of concrete quality by measuring gas permeability [9] 
 

Gas permeability 
coefficient (m2) 

Gas permeability 
of concrete 

Quality of 
concrete 

<10-18 Low Good  
10-18 – 10-16 Medium Medium 

>10-16 High Poor  

 
Average bulk density of the cores is 2252 kg/m3 with the standard deviation of 60 kg/m3, 
which classifies the concrete into the group of poor quality concrete. 
 
Compressive strength of concrete was determined on the cores in the form of a cylinder Φ/h = 
50/55 mm. The values of compressive strength gained from testing the cores were also used to 
calibrate results gained with rebound hammer testing. If designed value of compressive 
strength, 30 MPa, is compared with the results which vary from minimum 8 MPa to 
maximum 37 MPa, it can be concluded that the concrete is of poor quality and is showing 
great inhomogeneity depending on the location were cores were taken. 
 
When compared, the results gained with the non-destructive and semi-destructive testing and 
the data collected by using infrared thermography, it is clear they can be corelated. Specific 
location that was classified as “Dry” by using infrared thermography resulted with concrete 
cores of better quality, while the cores taken from the specific location classified as “Wet” 
gave poor results.  
 
6. Conclusions 
 
Infrared thermography proved to be useful for application in semi quantitative estimation of 
concrete homogeneity. As shown in presented in-situ research, when compared with other 
methods, the right order of magnitude of material homogeneity of concrete walls was 
acquired with infrared thermography. 
 
Water permeability of concrete depends to a large degree on its homogeneity, thus water 
permeability can be to some extent correlated to the quality of concrete. 
 
The time period of 7 days has proved to be sufficient for needed drying of the surface of 
concrete walls. Remaining water in some areas of concrete walls is the result of the water 
ingress through the walls due to the concrete inhomogeneity. 
 
Combined use of other non-destructive and semi-destructive techniques confirmed the results 
gained by using infrared thermography. The main advantage of infrared thermography proved 
to be its ability to perform quick and contactless evaluation of large surfaces thus limiting 
often formidable task of gaining a large number of cores while evaluating a large surface to a 
reasonable number. 
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