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Abstract 
The application of the principle of Infrared thermography combined to numerical method permit the analysis of 
thermal exchange on the structure of civil engineering. The daily traffic on bridges, the moisture of the 
atmosphere and the tiredness of materials, cause damages even the collapse of these works, if there is not a 
policy of maintenance and maintenance allowing the detection of possible defects in these structures and the 
intervention in the convenient period. 
These degradations can be cracks types (longitudinal or transverse), vacuums, corrosion or due to the 
accumulation of calcite on the beams and the flagstone… etc. In this work we present a thermal method of non 
destructive testing, based on numerical modeling in three dimensions, in order to detect defects of the empty type 
or corrosion in a flagstone of bridge. The influence of nature and the geometrical parameters of these defects, on 
the response of such structure to a thermal excitation is studied.  
The numerical resolution of this problem was carried out using a numerical computation software based on the 
finite element method.  
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1.  Introduction 
 
The aprons are the most vulnerable elements of the bridges, as well as most expensive 
repairing. The flagstones have to fissure under the repeated actions of the structural requests 
and the loads induced by the passage of the heavy vehicles or because of the corrosion of the 
reinforcements close to surface [1, 2]. 
The goal of this study is to detect the existence of cracks, vacuums and corrosion in the 
bridges in order to facilitate their design afterwards. 
The used method in this study is infra-red thermography, and the model of a parallelepipedic 
structure of concrete, containing defects of different sizes and positions is adopted. This 
structure is supposed to be excited on the under-surface face by a heat flux, the upper face of 
apron is maintained at a constant temperature and the others ones are supposed in heat 
exchange by convection with the air. After resolution of the problem, various simulated 
configurations, such as thermographical images, as well as the temperature space evolution of 
the entry face of these structures are presented and analyzed. 
 
2.  Principle of the method  
 
When a material is thermically requested (e.g. warming in a natural way by the sun), diffuse 
heat in material. The presence of a defect within the material (e.g. a crack) acts like a heat 
insulator and slow down this diffusion. It follows from there the appearance of a hotter zone 
on the surface compared to the close zone without anomaly [3].  
 
3.  Structure of the model  
 
This study was undertaken on a bridge set up on beams, out of reinforced concrete, and its 
flagstone is mainly simulated by a parallelepiped of length l, width L and thickness e. 
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a) : Considered Model 

 
b) :  Meshing model 

 
c) : Flagstone  

 
 

Figure 1.  Studied structure 
 
This study on the bridges is restricted with the flagstones. The flagstone  is comparable with a 
parallelepiped of length L=39.6m (length of a span), width l= 12.6m (width of the roadway) 
and thickness= 80 cm in a first studied case and 20 cm in the second one. 
 
4.  Mathematical model 
 
Let us consider the following thermal equation: 
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Where: 
 
ρ   : The material density 

Pc   : The calorific capacity 

λ  : The thermal tensor conductivity 
q  : Voluminal source of heat 
 
With the boundary conditions: 
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Where: 

PT  : The imposed temperature on a surface ST 
Sϕ  : The imposed flow on a surface Sϕ  

S  : The surface of the solid  
n
r

 : The unit vector perpendicular toS and directed towards outside 
 



And the initial condition: 
 

0 0T(x,y,z,t ) T (x,y,z)=        (3) 
 
The analytical resolution of the equation (1) is in general inaccessible. One is thus led to seek 
a solution approached by the finite element method [4, 5]. 
The method consists in using an approximation by finite elements of the unknown functions T 
to discretize the variational form of the equation (1) and to transform it into system of 
algebraic equations of the form: 
 
[ ]A T F=             (4) 
Where: 
 
A : is a square matrix of dimension [ Nh, Nh ] 
F : is a vector of Nh components 
T : is the vector of the temperatures to be calculated 
 
We start by building the variation form of the equation (1). We carry out a spatial 
discretization which consists in calculating the elementary integrals by using the finite 
element and a temporal discretization. 
There are many specialized software which make it possible to implement the method of 
resolution of problems by finite elements in a more or less simple and convivial way. They 
take care in particular of the grid of the studied object, the automatic numbering of the 
elements and the nodes, the calculation of a solution then of the chart of the results. 
In this study, we used commercial software based on the finite element method and which 
makes it possible to calculate the evolution of temperature at any moment and in any point of 
material. 
 
5.  Results of simulations 
 
In order to detect the existing defects in the under-surface of the bridge flagstone, a  density of 
heat flow of 25w/m2 is applied. The obtained thermographical images and the temperature 
distribution curves on this face are treated. The flagstone is made of Reinforced concrete of 
thermophysical characteristics: λ=1.8 W/m.K (thermal conductivity), ρ=2300 Kg/m3 (density) 
and c=385 J/K.Kg (heat-storage capacity).  
 
5.1 Study of cracks 
 
5.1.1 Flagstone of 80cm of thickness 
 
A geometry alike that of a crack or a vacuum in the flagstone under-surface is simulated (Fig. 
2.a), and in order to know its effect on the temperature distribution its width is modified. 
These vacuums represent the existence of the air pocket in the structure (Fig. 2.b). The 
thermal characteristics of the air are: λ=0.0272W⁄M.K, ρ=1.057Kg⁄m3, C=1005J. /Kg.K. 
Dimensions of the cracks vary between 3cm and 8cm in width. The limit conditions are given 
as follows:  
� Flow of 25W/m2 for the lower face of the flagstone.  
� The higher face is supposed to be maintained at a constant temperature T=25°C seen its 

contact with the roadway.  



� The contact faces with the other spans are maintained at 25°C too. 
� The others remaining faces are supposed in convection exchange with the air. 
 
 

  
 

Figure 2.  Geometry and position of the void 
 
5.1.1.1 Effect of the vacuum width  
 
Vacuums of larger= 3cm, 5cm and 8cm respectively are introduced. These vacuums are 
located at 3cm  from the lower face of the flagstone. The thermographical images of the entry 
face for each situation, as well as a comparison of the temperature evolution along A1A2axis 
(like showed on Fig. 3) are taken. 
  

 
 

Figure 3. Sight of lower part of the flagstone of the bridge 
 

  
 

 
 

Figure 4. Delamination of  3cm 
 

 
 

Figure 5. Delamination of 5cm 

A1 A2 



 
 

Figure 6. Delamination of 8cm 

 
 

Figure 7. Temperature distribution along 
the A1A2 axis  

 
From this figures (see figures : 4,5,6 and7), we can note that the maximum difference of 
temperature of regions with defects and those without defects, corresponds to the vacuum 
having the largest width and varies between 35.7°C at the end of the defect and 36.8°C in the 
center. The peaks represent the points of intersection between the defect and A1A2 axis. These 
points are only empty delaminations (air more precisely) which represent resistive defects 
compared to the concrete, considering the air as an element supposed insulator, which causes 
an increase in temperature at the location of the crack. Concerning the width of the cracks, we 
cannot take it less than 3cm for a flagstone of 80cm thickness, more the thickness of the crack 
is weak more that becomes difficult to detect it.  
 
5.1.1.2 Effect of the position 

 
The crack is moved vertically along OZ axis so that the defect is deeper in the flagstone, i.e. 
far from the lower face of 3 cm, 4 and 6 cm. The temperature evolution taken along the same 
axis, enables us to deduce that the closer the defect is to the face to which one applied flow 
(Fig. 8), the more the temperature is large what makes it possible to detect the more easily 
anomaly. One cannot check these results, while basing just on the thermographical images, 
taking into account the low dimensions of the defect compared to the structure in question. On 
the other hand the surface temperature evolution according to the A1A2 axis choose crossing 
regions of the anomaly, show well the presence of these anomalies in the structure. These 
temperatures are low values for the major defects in the flagstones in question.  
 

 



Figure 8. Comparison of the temperature evolution for various positions of the defect in the 
structure 

 
5.1.2 Flagstone of 20cm of thickness 
 
The same limit conditions and the same parallelepipedic structure are taken and one changes 
the thickness of the crack and the thickness of the flagstone with 20cm. In this type of 
flagstone, we consider cracks about the millimetre until 1cm or 2cm, the maximum. The same 
fissure shape is maintained and its thickness takes the following values: 2cm, 1cm, 0.5cm and 
0.3cm. (see figures 9,10,11 and12).  
 

 
 

Figure 9.  Delamination of 0.3cm 

 
 

Figure 10.  Delamination of 0.5cm 
 

 
 

Figure 11.  Delamination of  1cm 

 
 

Figure 12.  Delamination of  2cm 
  
  

Concerning the detectability of the considered defects, we can note that defects of thickness 
0.3cm and 0.5cm appear with difficulty on the thermographical images, but from the 
thickness of 1cm and 2cm, the presence of defect can be observed. For cracks of thickness 1 
or 2cm, their detection is simple, and requires only the observation of the thermographical 
image. However, when this dimension is decreased, detection becomes more difficult, and we 
can check the defect existence only using the curves representing the surface temperature 
evolution (Fig. 13).  
 



 
 

Figure 13.  Comparison between the four cracks thicknesses  
 
 

5.2 Study of corrosion 
 
In order to study the corrosion influence on the steel reinforcements, the effect of some 
parameters is studied such as: expanse of the rusted zone (number of bars touched by rust), 
rust along the bar (length, diameter of the rusted zone in these reinforcements), and their 
position in the flagstone. 
Generally the element rust is compared to water, since both have very close characteristics 
[6], and knowing that the steel section decreases with the increase in corrosion [7], which 
involves a nonhomogeneous reduction of the steel section accompanied by its embrittlement 
and a modification of the interface properties (increase then decrease in adherence) [8]. 
A parallelepipedic concrete structure is considered, of dimensions L=3.96m, l=1.26m and 
e=20cm (simulation of a real case) then e=30cm when the effect position of defect is studied. 
The limit and initial conditions, being the same as in the preceding part, and the flow is of 
50w/m ². This structure contains 19 reinforcements of steel of diameters 20mm and length 
1m, separated each one by 20cm.  
 
5.2.1 Effect of the number of rusted reinforcements 
 
In order to illustrate the effect of wide rusted zones in the reinforcements, first only one rusted 
element of the steel reinforcement is considered (Fig. 14.a), then two (Fig. 14.b) and finally 
three elements (Fig. 14.c). It appears on the thermographical images that more the number of 
zones rusted augment, more its effect is remarkable and consequently its detection is simple 
(Figures 14.d, 14.e et 14.f).  
 

 
 

 a) : 1 portion of rust 
 

 
 

b) : 2 portions of rust 

 
 

c) : 3 portions of rust 



 
 
d) : thermographical  image for 

1 portion of rust 

 
 

e) : thermographical image 
for 2 portions of rust 

 
 

f) : thermographical image 
for 3 portions of rust 

 
Figure 14. Thermographical images representing the effect of the number of rusted 

reinforcements 
 
5.2.2 Effect of the longitudinal size of the rusted zone 
 
In this part, we are interested in the effect of longitudinal dimension of the rusted zone, for 
that the lengths of this zone are: 0.2m, 0.5m and 0.7m. From the thermographical images we 
can note that the effect is similar to the precedent case more the length of the rusted zone is 
important moreits detectability is simple (Fig. 15).  
 
 

 
 

a) : l=0.2 m 
 

 
 

b) : l=0.2m and l=0.5m 
 

 
 

c) : l=0.2m, l=0.5m and 
l=0.7m 

 

 
 

d) : thermographical image 
for  l=0.2m 

 
 

e) : thermographical image 
for l=0.2m and l=0.5m 

 
 

f) : thermographical image 
for l=0.2m, l=0.5m and 

l=0.7m 
Figure 15. Thermographical images representing the effect of the longitudinal size 

 
 
 

 



5.2.3 Effect of the diameter of rust 
 
The diameter of the rusted zone which surrounds the reinforcement of steel is varied so that, 
that its thickness varies as 1mm, 3mm and 5mm (Fig. 16.a). The global diameter (steel + rust) 
being constant and equal to 20mm. These results lead to the same preceding observations: if 
the diameter of rust increases, its effect becomes more important and thus the anomaly is 
easier to detect (Fig. 16.b).  
 
 

 
 

a) : variable diameter 

 
 
b) : thermographical image for the different 

thicknesses of rust 
 

Figure 16. Thermographical images representing the diameter effect  
 
5.2.4 Effect of the defect position in the flagstone 
 
For this case, a flagstone of 30cm is considered. In order to study the effect of the rust 
position in the structure in question, three parallel layers of reinforcements located 
respectively at 7.5cm, 15cm and 22.5cm from the entry face of the flagstone. For each case 
one rusted bar is considered. These obtained results (Fig. 17) show clearly the effect of the 
depth of the rust plan: it is easier to detect rusted bars located in the layer nearest to the entry 
face. This detectability decreases when the depth of the bars increases. 
 

 
 

a) : three different positions of the rust plan 
 

 
 

b) : thermographical image of the three 
positions of rust 

 
Figure 17.  Thermographical images representing the position effect  



 
6.  Conclusion 
 
In this paper, the defects detectability according to nature, geometry and different position, 
which can take place in a flagstone is studied. The analysis of the thermographical images 
show a good detectability when dimensions of the defects are important and when thermal 
conductivities of defect and the flagstone are contrasted. When the thermographical images 
cannot shows the presence of defect, the analysis of the temperature on surface axis can prove 
to be interesting for the description of the presence of an anomaly in the structure in question.  
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