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Abstract. Because of the repeated passage of trains, anomalies are created inside the rails in the form of
cracks of different shapes and position. These are due essentially to the wheel – rail contact. They present a
hazard causing at the final stage rail failure, train derailment and accidents. Detecting track anomalies has
become a major issue for the entire rail industry around the world. This paper focuses on the degradation of
rails in urban railways in terms of cracks. The purpose is to develop an approach to detect and predict rail
breaks, which will optimize maintenance task. Infrared thermography was used in order to characterise the
effect of a defect on the acquired thermogram. Different defects were considered by varying their size,
depth and inclination angle with respect to the rail surface.

1 Introduction
Infrared thermography is one of the effective NonDestructive Testing (NDT) methods [1]. It could be used
in the detection of internal defects [2]. This method
which is based on thermal non-destructive control is
rather simple to implement in practice. Several studies
have been dedicated to its use in the detection of defects.
They have shown its effectiveness in revealing the
presence of defects in inspected parts [3-8].
In this work, we are interested in the detection of
internal cracks located in rails by means of infrared
thermography. After subjecting the surface of the
structure to a natural heat flux excitation, the
temperature contrast obtained at the surface can be
indicative of the presence of a possible internal defect.
But, how detectability can be feasible? The purpose of
this study is to investigate the influence of the size and
the position of an internal defect of crack type on the
thermal response of the studied structure surface. The
methodology used is based on the finite elements
modelling of the heat transfer problem taking place in
the rail structure. Simulations of different conditions of
the defect configuration are performed. The
corresponding thermal images are investigated. It was
found that these are similar to those provided by real
infrared cameras. This holds however only if the
conditions regarding the achieved contrast remain within
the sensitivity range of the cameras used [9]. One of the
pursued objectives is to determine at which depth and
with which inclination of a crack defect, detection is
possible.
*

2 Materials and methods
Infrared thermography approach is used here to show up
the presence of internal defects in rails. The ability of
this method to detect a crack defect in the rail structure is
considered under the following conditions. After
subjecting the rail surface to a heat flux excitation, the
contrast of the obtained stationary temperature at the
surface of the rail is analysed. This provides information
that can be employed to come to a decision regarding the
eventual presence of a defect.
Considering different scenarios of defects in a rail,
the finite elements methods is used by means of a
commercial software in order to get through simulation
the associate thermographic images. These thermograms
of the rail surface vary depending on the actual thermophysical properties of the rail. They are like this sensitive
to the defect extent and its distance from the rail surface.
Evolution of thermograms can be monitored to reveal the
existence of some defect in the inspected zone of the rail.
Fig. 1 presents the geometry of the rail structure that
was used for finite elements simulations. The figure
indicates also the characteristics of an internal defect
present in the rail structure. The defect is modelled under
the form of a parallelepiped air volume having the
following dimensions: length L  50mm , width
l  10mm and thickness e  1mm .
Simulations were performed under stationary regime.
The prescribed boundary conditions are shown in Fig. 2.
They correspond to the following: the rail top surface is
subjected to a heat flow   24kW / m 2 , the bottom
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surface of the rail is maintained at the constant ambient
temperature Ta  25C , and the lateral sections surfaces
of the rail are assumed to be isolated with zero heat flux
crossing them   0 .

In this section, the influence of the defect depth on its
appearance on the synthesized thermal images is studied.
For this purpose, the dimensions of a horizontally
oriented defect were fixed at 50  10  1 mm , and its
depth
was
varied
in
the
following
set:
p  0.1, 0.2, 0.5, 1, 2, 5mm . The obtained results in terms
of upper rail surface thermograms are shown in Fig. 3.

Fig. 1. Geometry of the considered rail structure and defect.

Fig. 3. Thermal images for different depths of defect.

Fig. 4 presents the various profiles as obtained for
the six considered cases along the segment  AB . From
this figure, it is clear that the contrast is more obvious
when the defect depth approaches the rail surface. This
shows that the closer the defect moves towards the
upper surface, the more easier becomes its detection
based on the contrast observed on temperature profile
T .

Fig. 2. Boundary conditions of the rail structure domain model.

With these hypotheses, simulations are conducted in
order to study the effect of key parameters on the
thermal images. These include the depth of the defect
with respect to the upper surface of the rail and the
orientation of the plane of this defect by reference to
horizontal plane parallel to the upper surface of the rail.
Temperature is extracted for all points belong to an axis
denoted [AB] which is located on the upper surface of
the rail (centred and parallel to the longitudinal rail
direction, see Fig. 1). The rail material is assumed to be
made of steel, while the defect domain is modelled as
air. The associated thermal characteristics are shown in
Table 1.
Table 1. Thermal characteristics of the materials used.
Materials

Thermal
conductivity
(W/m.K)

Heat
capacity
(J/kg.K)

Density
(kg/m3)

Steel

45

473

7801

Air

0.025

1012

1.164

Fig. 4. Temperature distribution along the AB axis

An infrared camera detects the temperature
difference T . This difference in temperature was
materialized here as a contrast observed on the obtained
thermogram. For a high sensitivity camera, even a
smaller T can be detected, and referring to the actual
analyzed cases, even deep cracks could be distinguished.
To highlight this fact, Table 2 presents the calculated
difference in temperature for the six studied depths.

3 Results and discussion
3.1 Influence of defect depth
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Table 2. Temperature difference as function of defect depth.
Depth (mm)

0.1

0.2

0.5

1

2

5

Temperature
difference (°C)

0.54

0.30

0.14

0.07

0.06

0.03

yielding to difficulties in catching the signature at a
practical level. High resolution cameras are needed in
this last case, but noise may also impede performing
detection and the defect may remain quite invisible. As
seen in Table 3, the defect corresponding to the
orientation angle 75° shows only a temperature variation
which intensity is equal to 0.07°C. So, the defect may be
undetectable with an ordinary infrared camera.

3.2 Influence of defect orientation
In this section, the influence of the defect plane
orientation on the related thermal image is studied. The
dimensions of the defect are chosen to be
50  10  1 mm . Fig. 5 shows the orientation of the defect
plane as determined by the orientation angle which is
measured from the horizontal plane. The depth of the
horizontal plane was fixed at 0.2mm and the defect
orientation angle was varied according to the following
sequence: 0°, 15°, 30°, 45°, 60° and 75°.

Fig. 6. Thermal images as function of the orientation angle of
defect plane.

Fig. 5. Schematization of defect orientation

Fig. 6 presents the obtained thermograms as function
of the orientation angle.
Fig. 7 presents the obtained traces for the six
considered cases of defect orientation along the segment
 AB .
Table 3 summarises the difference in temperature as
function of the considered orientation angle.

Fig. 7. Thermal images profiles along the segment [AB] for
different defect orientation angles

Table 3. Temperature difference for different orientation
angles of defect.
Angle (°)

0

15

30

45

60

75

Temperature
difference (°C)

0.31

0.29

0.23

0.17

0.11

0.07

4 Conclusions
This study was dedicated to crack detection in a rail by
means of infrared thermography method. Simulations
based on the finite elements methods were performed to
analyse the effects of several parameters. As a general
defect can be horizontal or oblique, deep or superficial,
the simulations were realized in order to assess the
influence of the depth and the defect orientation on the
contrast of thermal images.
The results have shown that, for a horizontal defect,
the depth is an essential element in detection. A defect
which is closer to the rail surface is easier to detect with
an infrared camera. A defect located at a depth of 5mm
requires that sensitivity of the camera should be less than
T  0.3C .

Fig. 6 shows that the defects traces in the obtained
thermograms tend to disappear when the orientation
angle of defect plane increases. However, one can see
that the profile along the segment  AB  remains
theoretically visible, but the contrast is very small for
high orientation angles. This is corroborated by the
amplitudes of traces curves as given in Fig. 7. One can
see that the detection of a horizontal defect (angle 0°) is
easier than for higher orientation angles. In the case for
which this angle is equal to 75°, the contrast is too small
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For an oblique effect, the orientation plays a
determining role in the detection of the defect. It has
been shown that a horizontal defect is easier to detect,
whereas a defect oriented by angle 75° from the
horizontal is complicated to detect. This defect requires
an infrared camera with a sensitivity of less than
T  0.07C , which is quite difficult within the
framework of the current technologies.
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