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Abstract 
Infrared thermography is a technique used experimentally and numerically simulated for detecting the location 
and sizing of water mains, and to identify frames reinforcement within a concrete wall. In this work we present a 
method of thermal nondestructive testing of civil engineering structures, based on the finite element numerical 
modeling. So our goal is to study the detectability of these behaviors in different situations and for different 
materials, and to identify the type of reinforcement used in the construction of a reinforced concrete wall. 
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1.  Introduction 
 
The detection of hidden pipes in the buildings walls is of great importance in the field of 
maintenance of civil engineering structures particularly when it is sought to make work on the 
walls surfaces in the case of water leak due to the corrosion of these pipes [1] or surface 
anomalies necessitating repairs [2]. Such abnormalities may conduct to loss of money and 
valuable natural resource and represent sometimes a danger to public health. Indeed the 
presence of water in concrete structures, and the change in its state (solid, liquid, or vapor 
depending on the temperature of the surrounding medium) is strongly responsible for the 
damage produced in walls and pipes in buildings [3][4]. 
In this article, we adopted infrared thermography as a method of auscultation [5], since in the 
general context of the construction; thermography is most commonly used for investigating 
aspects of the building envelope, walls and roofs [5][6][7]. It is a quick method and generally 
simple to implement. In this study, the model of a rectangular concrete structure containing 
pipes of cylindrical shape is adopted. This structure is supposed to be excited to the upper face 
by a heat flow, the bottom face being maintained at a constant temperature and the other faces 
are assumed insulated. For different diameters and different types of pipe materials, the 
effects of the thickness and the position of the pipe in the structure are studied. 
 
2.  Principle of the method 
 
When material is thermally excited (artificial excitation in the case of laboratory 
measurements or warming naturally by the sun in the case of in-situ measurements), the heat 
diffuses into the material. The presence of another material in the structure (eg, a line, a crack 
or a rusted layer) represent a discontinuity of the structure properties which modify the heat 
path. This change in the heat propagation process will be translated by a modification of the 
surface temperature creating a surface temperature contrast of the portion of the wall surface 
placed above to the discontinuity. 
 
 

11th European Conference on Non-Destructive Testing (ECNDT 2014), October 6-10, 2014, Prague, Czech Republic
M

or
e 

In
fo

 a
t O

pe
n 

A
cc

es
s 

D
at

ab
as

e 
w

w
w

.n
dt

.n
et

/?
id

=
16

53
7



3.  Structure of the model 
 
The studied structure is a wall of concrete of parallelepiped form of dimensions: (2m x 1.2m x 
0.25m) in which are introduced cylindrical pipes to be studied.  
 
 
 

             
 

Figure 1. Structure adopted 
 

4.  Mathematical Model 
 
The heat transfer in a solid system is governed by the following heat equation: 
  

 2 dT
a T

dt
∇ =   

t:   is time 
T:  is the temperature field         (1) 

The report a
c

λ
ρ

=  is called thermal diffusivity. 

In the case of inhomogeneous structures, the solution of this equation is complex, the 
analytical solution is impossible given the geometry of the problem as in our case that we use 
the numerical method of finite elements.  
 
The method is to use a finite element approximation of the unknown functions T to discretize 
the variational form of equation (1) and turn it into algebraic equations of the form system: 
 [ ]A T F=                                                                                                       (2)     

Where: 
A square matrix of dimension [ Nh , Nh ] 
F a vector of Nh components 
T vector to calculate temperatures 
We begin by constructing the variational form of equation (1). We perform a spatial 
discretization of calculating the elementary integrals using the finite element method and a 
temporal discretization. 
There are many specialized software that can implement the method of solving problems by 
finite elements of a more or less simple and easy. They charge around the mesh of the object 



studied, automatic numbering of elements and nodes, the calculation of a solution and the 
graphical representation of results. 
In this study, we used a method based on the finite element software that allows to calculate 
the temperature change at any time and at any point of the material. The material is 
considered isotropic. 
 
5.  Boundary conditions 
 
The calculation of the thermal response is made in the case of a concrete wall , subjected in 
the front surface to a uniform heat flux, continuously extended of density Q = 100W/m2 . The 
rear face of the wall being held at a constant temperature Ta = 25° C and the other faces are 
thermally isolated (Q = 0). The initial temperature T0 is set = 25° C. 
 
6.  Simulation Results 
 
After application of the heat flux on the wall front face to auscultate, detection pipes presence 
pass through the analysis of obtained thermal images and the spatial temperature distribution.  
The characteristics of the used materials in this work are given in the following table [8]: 
 

Table 1. Characteristics of the used materials in the simulations 
 

Material 

 

thermal 
conductivity 

 [W/ (m*K)] 

Density 

 [kg/m
3
] 

Heat capacity at 
constant pressure  

[J/ (kg*K)] 

PVC 0.18 1380 1000 

Melting 56 6800 450 

Cooper 400 8900 390 

Frames 36 2200 473 

Concrete 1.73 7800 837 

Water 0.589 999.045 4180 

 
6.1 Effect of the material nature 
The simulated concrete wall, containing cylindrical pipes of PVC; Melting and copper, is 
supposed filled with water. These pipes have an external diameter dout =24mm, thickness  
ep =2mm and a length l =1000mm. The pipes are located at a depth of 50 mm from the input 
surface and their axes spaced of 700 mm between them. 
 

                                                                                          
Figure 2. Thermographic images and temperature spatial 

evolution of pipes filled with water 



 
 

                                      
Figure 3. Thermographic images and temperature spatial  

Evolution of empty pipes 
 

From these figures, we notice that temperature difference (contrast) is greater in the case of 
empty pipes than the filled with water ones, this is due to the fact that the apparent thermal 
conductivities of Melting-Air (Melting pipe containing air), PVC-Air and Copper-Air are 
lower than those of Melting-Water, PVC-Water and Copper-Water, which makes relatively 
easy the defects detectability of empty pipes. Through the surface temperature distribution of 
the wall we can note that the surface temperature corresponding to the presence of PVC pipe 
is higher than the other region of the wall and in the case of melting and cooper pipes the 
temperature is lower. 
 
6.2 Effect of pipe diameter 
 
To further study we conducted the detection of Melting and PVC pipes and taking into 
account both the effect of the pipe diameter and the pipe position by report to the input 
surface of the structure to test. We chose the same concrete structure previously studied, with 
three pipes, having for external diameter 36 mm, 24mm and 16mm and a thickness of 2mm. 
The initial and boundary conditions are the same as in the previous section. 
 

 
Figure 4. Structure of the model 

 

                                                                            
 

Figure 5. Thermographic images and temperature changes  
under the effect of pipe diameter cast iron 



                                                             
 

Figure 6. Thermographic images and temperature changes 
under the diameter effect of PVC pipe 

 
It may be noted that in the case of the PVC pipe more the pipe diameter increases, more the 
contrast of the temperature caused by the pipe presence in the wall increases by report to the 

remaining surface of the concrete wall and thus the temperature difference increases reflecting 
the insulating nature of the conduct, therefore detectability process becomes easier. As against 
in the case of the iron pipe , the opposite phenomenon is observed , more  the diameter of the 

pipe increases more the temperature drop by report to the remaining surface of the wall 
increases thus reflecting the conductor character of the wall . 

 
6.3 Effect of position 
 
It keeps the same structure used, and considering three lines of the same kind, the same 
diameter and same length finally. We vary their positions relative to the front of the wall 
where the flow face is applied. The conduits are spaced from the input face by h1 = 50mm, h2 
=60mm and h3 = 70mm. 
The initial and boundary conditions are identical to the previous case. 
                             
 

 
Figure 7. Structure of the model 

 
 

               
                                                                                    

 
Figure 8. Thermographic image and temperature changes due to 

the iron pipes position 
 



 
 

                                   
Figure 9. Thermographic image and temperature changes  

dueto the PVC pipe position 
 
From these thermographic images and temperature curves it appears that the maximum 
temperature difference with the remaining surface of the structure (∆T) correspond to the pipe 
located at 50mm from the input surface, ie the closest pipe to the input face, and more the 
pipe is away from the input face more this temperature difference decreases and the pipe tends 
to be difficult to detect for the large depth. The results are recapitulated in the above table. 
 

Table 2. Temperature difference as a function of position 
 

Material Position 
(mm) 

∆T (°C ) 

 
PVC 

h1  0.24 
h2  0.14 
h3  0.12 

 
Fonte 

h1 -0.18 
h2 -0.16 
h3 -0.13 

 
 
6.4 Application to the iron bar Identification in reinforced concrete 
 
In this last part, frames are introduced to scrap our concrete wall. We adopt the following bar 
diameters: Ø 6, Ø 8 and Ø 10 (mm). They are located at the same position of 50 mm from the 
surface of the wall. 
                                                             

                                                  
Figure 9. Thermographic image and temperature  

evolution of reinforced concrete 
 



The above images shows that it is possible to locate and have an idea about the bar diameter 
used to build our concrete wall by analyzing and interpreting the wall surface temperature. 
More the diameter is large, more the bar is easy to detect. In the table below are recapitulated 
the obtained maximal difference temperature. 
 

Table 3. Temperature difference depending on the diameter of the bars 
 

Material Position 
(mm) 

∆T (°C ) 

            Ø 6   5 -0.09 
            Ø 8   5 -0.14 

 Ø 10 5  -0.22 
 
7. Conclusion 
 
In this article, we presented the effect of several parameters on the detectability of pipes in the 
structures of habitat system, namely the effect of the type of pipe material, the effect of pipe 
diameter and finally the effect the pipe position in the studied structure. The application of the 
detection method in question in the case of iron bar in concrete is presented. By studying the 
thermographic images of the input faces and curves of temperature evolution, we can draw the 
following conclusions: 
• The detectability of pipes is relatively simple in the case of empty ones. 
• The detectability of pipes or iron bars in concrete wall is relatively simple for pipes and bars 
having a large diameter. 
• The closest pipes or iron bars to the input face are easier to detect than those located more 
away. 
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