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Abstract -  Axles are one of the most important components in railway vehicle with regard to safety, since a failsafe design 

is not available. Due to the complexity of the expertise, the approach consists in making a numerical modeling in static and 

dynamic under variable stresses taking into account the reality of several parameters. The main purpose of this study is to 

analysis the fatigue behaviour of the railway axle under static and dynamic loading. The mechanical analyse is then used to 

determine the Von Mises stress established in the axle, the stress intensity factor distribution in crack tip and the influence of 

the overload on the lifetime and crack growth velocity of railway axle. The results are satisfactory, when compared with 

expert report of railway Italian accident on 29 June 2009 in Viareggio.  
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I. INTRODUCTION 

 

Derailment caused by the fatigue failure of railway 

axles is very rare in Algeria. Consequently, there 

have been no passenger casualties from railway 

system failure since the inauguration of the railway 

transports. 

 

The mechanical power transmission systems must be 

more reliable, this trend is true for all transport 

systems, handling equipment etc. The design offices 

are sometimes confronted with design and integration 

problems, increasingly exploiting the results of 

numerical models.  

 

Today, talk is about numerical model of global 

mechanical behaviour. Numerical modelling has 

become an essential tool to gain more time and to 

facilitate the shaping of complex systems and 

predicting models in order to achieve optimal 

designs. The work has been initiated according to the 

findings made at the railway of Constantine where 

premature cracks in the axle has been noted.  

 

The studied element is the train bogie where some 

elements, such as axles, showed cracks after a 

relatively short operating time. The bogie is an 

important mechanism composed of elements that 

contribute to the transmission of engine torque as 

well as to the transmission of the forces exerted by 

the gear to the wheels. From a work perspective, the 

bogie comprises several organs, the main ones is the 

chassis, the two sets (axles and wheels) and the three 

sets (spring, boxes, axles and brake discs). The 

approach is to determine the stress field according to 

a dynamic loading in order to predict the critical areas 

or regions. Figure 1, shows the damage portion of the 

axle removed from the site following an accident due 

mainly to a sudden failure problem. 

 

A literature review paper by focusing on the 

technique of modelling of fatigue crack growth in the 

material of railway axle under regular and random 

loading was developed by o. Yasniy in (2012) which 

determinates the influence of the stress ratio on the 

crack propagation and statistical distributions of crack 

[1]. Also in 2009 m. Luke determinate experimentally 

the crack growth in railway axle for the commonly 

used steel and the high strength steel and he found the 

fatigue behaviour of railway axle under variable load 

[2]. In 2003 josé martínez-casas presents an 

application of the critical side in different elements of 

railway bogie (axles, wheels, and rail) and the 

behaviour fracture of the previous elements under 

harmonic load [3]. In1998 k. Hirakawa made an 

analysis of the different failure causes in railway 

axles and the fretting fatigue crack in the critical side 

of the axle; also he found how to improve the axle 

railway manufacture. Figure 2, shows the variable 

load applied on the axle [4]. In December 2010 s. 

Beretta carried out a test on the railway axle under 

constant and variable amplitude where he determinate 

the crack propagation behaviour [5]. M. Madia 2010 

presented a collection of stress intensity factor in the 

axle body and in different notch (t and v), his study is 

applied on the full and hollow axle [6]. M. Lukein 

2010 presented the crack behaviour under constant 

and variable amplitude for two steels 25crmo4 and 

34crnimo6+qt by the experimental method [7]. 

The main characteristics of the geometrical model are 

developed in section 3 of this article, and the different 

loads types are shown in section 4. Also, the results 
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of the influence of frequency and the influence of 

overload are presented in the same section. 

 

II. PROBLEMATIC AND FATIGUE 

MECHANICS CONCEPT 

 

2.1. Problematic 

The present work consists of a numerical modeling of 

a train bogie following a railway accident, which 

clearly showed the presence of cracks at the level of 

the bogie axle. This remark was also detected at the 

level of the Algerian railway company where cracks 

in the premises of a railway were detected. 
 

 
Figure 1. Railway accidents [8] 

 

2.2. Fatigue mechanics concept 

In the 1960s, Paris and al [11,12] showed that there is 

a relationship between the rate of cracking (da / dN) 

and the stress intensity factor K. Since the value of 

the stress varies, stress intensity: ΔK = Kmax– Kmin. 

Where Kmax and Kmin are the extremes of K during the 

cycle. 

Paris and al. [10] related the propagation velocity and 

amplitude of the stress intensity factor ΔK by a 

relation of load type, called Paris laws: 

nKC
dN

da
)(

                              (1) 

A semi elliptical crack surface in round bar is shown 

in figure 2,  where ‘a’ is the depth of crack and ‘2c’ is 

the length, the stress intensity factor K is variable on 

the crack tip as a function of φ, where φ is the angle. 

So the calculation of stress intensity factor is given in 

the relation (2), where 







,,,

D

c

D

a

c

a
Fs

is a function of 

geometry. 

 
Figure 2. Semi elliptical crack in round bar [7] 
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III. GEOMETRICAL MODEL 

 

The mechanism study is shown in Figure 3. This 

numerical model is very important in modeling since 

it presents all the links between the constituent 

elements. It comprises all the components of a train 

bogie which contributes to the transmission of the 

engine torque to the transmission of the forces 

exerted by the body to the wheels. From an operating 

point of view the organs constituting the mechanism 

are as follow: 

 

-The chassis. 

-The two sets "axle + wheels". 

-The three sets "spring + axle boxes + brake discs". 
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Figure 3. Numerical model of railway bogie 

 

The bogie axles are made of carbon steel XC38 (EA1N) in the standardized state are subjected to rotational 

bending stresses. Therefore, there is a failure risk due the propagation of fatigue cracks. It can be noted that an 

upper bound too many empirical curves for steel is provided by reference values to the fit parameters. C = 3e-12 

and m = 3.4. 

 

IV. NUMERICAL MODEL 

 

4.1. Static loading 

The loads applied to the train axles in the stopped state are constant loads. We are interested in this part of the 

study to model the crack behavior under constant mechanical loading. The purpose is to determine the 

mechanical behavior of the axle in the case where the train is stationary. To determine the danger zones in our 

axle, we did a study on a train axle that we defined previously.  The mechanical boundary conditions are shown 

in Figure 4. The analysis was carried out considering a distributed load equal to 25 tons; it is applied on the 

section of contact with the axle box. 

 

 
Figure 4. The loads applied in railway axles 

 

Figure 5 shows the distribution of equivalent Von Mises stresses over the entire axle length. We found that the 

maximum stress of Von Misses was 141.89 MPa, which is twice the yield strength. The Zones of stress 

concentrations appear in the vicinity of the wheel-axis contact zones. 

 

 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 7, Issue-11, Nov.-2019, http://iraj.in 

Modelling The Spread of Fatigue Crack in a Railway Axle Under Variable Loading 

 

13 

 
Figure 5. Von misses stress 

 

Consider a circumferential plane crack of semi-elliptic front of length 2c = 40mm and depth a = 10mm 

perpendicular to the longitudinal axis, they are located in the positions of maximum stress concentration (Figure 

6). The stress intensity factor along the crack front was obtained by the J-integral method. 

 

 
Figure 6. Crack meshing 

 

To understand the dangerous location of the crack as a function of the rotation of the axle, a calculation of KI 

was made as a function of the rotation angle θ. 

The figure 7 shows the different cases of the crack front as a function of this angle.  

It can be seen that the maximum tensile stresses lie in the middle of the crack front. That is to say, when θ = 0°, 

on the other hand, the maximum compressive stresses are located in the middle of the crack front at θ = 180°. 

This shows the principle of opening and closing the crack of the axle. 

 

Case 1 
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Figure 7. Variation of KI in crack tip 

 

 

Case 8 

Case 7 

Case 6 
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The KI values along the crack tip as a function of the 

angle variation θ are shown in Figure 8. 

 

Note that the crack is fully closed at 180 ° angle and 

fully open at the 0 ° angle. The stress intensity factor 

reaches a maximum value of 320MPa * m^0.5 at full 

opening. 

 
Figure 8.  Variation of KI in crack tip 

 

4.2. Dynamics loading 

In this study, the first start values are: an initiation 

crack’s depth a0 = 4mm with a stress ratio R = -1. 

Figure 9, shows difficulties in applying this type of 

load to the model. For this point, the problem has 

been simplified in three types of loading which are 

shown in the figure shown below, bearing in mind 

that the rated pressure is Pmax = 7.5MPa. 

 

 The first case presents a permanent loading; 

 The second loading case has an overload (= 1.2 

Pmax) which is applied every 10 cycles; 

 The third case has almost the same type of 

loading as the second, but this time the overload is 

repeated every 2 cycles. 

  

In our work and to facilitate the calculation we are 

assumed that a=c (circular crack). 

 

The three loading cases (a, b and c) are considered so 

as to show the influence of the frequency on the axle 

lifetime. It is the case where the applied load is of 

constant amplitude that was considered. It is noted 

that the relationship between the variation of the 

frequency and the lifetime is inversely proportional. 

The influence of frequency is very important 

especially in the case of a normal loading. 

 
Figure 10. The influence of frequency on lifetime of axle. 

 

The observations have led to believe that axial 

cracking is mainly due to two aspects: number of 

cycles and the vibrations phenomenon (insufficient 

vibration damping). Figure 11, shows the crack 

length evolution as a function of the cycle’s number 

mentioned in the previously three cases. 

 

It is clear that the crack propagates slowly before 6.9 

* 109 cycles in the third case, 8.3 * 109 cycles in the 

second case and 8.9 * 109 cycles in the first case, it 

reaches the value 2.50 * 10-2, and then it increases 

rapidly in the three cases of loading until the sudden 

fracture (value of 9.6 * 10-2 m). This explains the 

importance of the number of cycles on the 

propagation of the crack. 

 
Figure 11. Variation of crack length 

 

The figure below shows the evolution of crack 

propagation velocity (da / dN) as a function of the 

number of cycles in the three stresses. 

 

It is very clear that no propagation of crack is 

observed before 6.9*109 cycles in the third case, 

8.3*109 cycles in the second case and the value of 

8.9*109 cycles in the first case, It can be noted that da 

/ dN increases very rapidly to reach about 1.31 * 10-8 

m/cycle towards 7.029*109 cycles for the third case 

and about 1,375*10-8 m/cycle towards 8,401*109 

cycles for the second and about 7,412*10-9 m towards 

9,665*109 cycles. 

 

 
Figure 12. Crack velocity 

 

Figure 13 shows the instantaneous evolution of ΔK as 

a function of the axle lifetime. According to the three 

loading cases, it can be observed that ΔK varies in an 
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alternating manner between 1,178 and 1,41 

MPa*m^0.5 depending on the loading case applied. 

The latter is being detected when the number of 

cycles is less than 6.9*109 cycles. For the third case, 

it can be noted there is a diminution in lifetime of 

axle. The same remarks are true for the two other 

cases (1 and 2), where ΔK increases respectively 

from the value 8.3*109 cycles and 8.9*109 cycles. 

This explains the influence of the load type on the 

lifetime. 

 
Figure 13. Variation of stress intensity factor 

 

V. CONCLUSION 

 

The axles of the bogies are potentially sensitive 

elements and condition the operation of the trains.  

 

These are components which support very high cyclic 

mechanical loads. The results obtained constitute a 

predictive approach with the aim of highlighting the 

different probable scenarios of the cracks causes. The 

three cases studied reveal the importance of the 

overloading type on the axle lifetime. The results 

achieved in this work are as follows: 

 

- To put a surveillance system (sensors) to follow the 

cracks evolution and intervene at the appropriate 

time; 

 

- Reinforcement of the bogie damping system by 

improving its design. 

 

Nomenclature 

 

ΔK cyclic stress intensity factor 

C Paris coefficient 

KImax Maximal stress intensity factor 

KImin Minimal stress intensity factor 

n Paris exposant 

a Crack depth 

c Crack length 

a0 Initial crack 

N Number of cycle 

σ Pressure applied 

D axle diameter 

φ Crack tip angle 

θ Rotation angle of the axle 

Fs Function of the geometry 

M1, M2, M3 Constants 

g, fw, fφ Parameters 
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