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 This paper describes the stress intensity factor analysis of fatigue crack propagation of 
wheel rolling contact with railhead surface in two-dimensional (2D) of wheel/rail 

contact model under constant amplitude loading is analysed using finite element 

method (FEM). The stress intensity factor is predictable by the displacement correlation 
method to utilizing the singular elements around the crack tip area with automatic 

remeshing model. However, Fatigue cracks analysis subjected to wheel cyclic rolling 

contact force loading and complicated boundary condition of the rail track model, 
which the model modified four points bending as a different geometry and materials 

properties with other research. Fatigue crack propagation is modelled through the 

successive linear extensions under the linear elastic assumption. To simulate the single 
edge angled crack is applied only to show the accuracy and efficiency of this method to 

calculate accurate values of stress intensity factors (SIFs). The calculations of the 
effective SIF ranges for RCF cracks under certain contact loading and boundary 

conditions were proposed in the form of polynomial functions are used to predict RCF 

crack growth rate. Therefore, the SIFs values of the KI increases as the KII decreases 
were independent on mixed mode loading. The comparisons show the program is 

capable of indicating the SIFs prediction results such as compared with other 

researchers in this field. The model is established to find out the threshold intensity 
factor, which protects protection in railway system against fatigue failure of rail track 

material during manufacturing processes. 
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INTRODUCTION 

 

 The fracture mechanics of ductile materials 

exists in simple or complex modes of the engineering 

structures due to fatigue has been a difficult problem 

facing engineers for many decades (Solanki, K.N., 

2002). It has been estimated that between 60 and 

90 % of these failures are due to fatigue. The crack 

path prediction by the method is involved the linked 

crack propagation rates and the stress intensity 

factors for every step is a challenging problem. 

Practically, numerical techniques of finite element 

method, mesh less method and boundary element 

method are sought to solve this problem (Harter, J.A., 

1999). 

 The crack propagation and stress intensity factor 

value of a crack in typical structure geometry under 

stress, it is important to simulate it during the contact 

force loading on the surface of the model (Tada, H., 

2000). Miranda et al. has developed software to 

predict the crack propagation in 2D model under 

constant amplitude loading force using Qubera2D 

software. The Quebra2D software is an interactive 

graphical program to simulate the crack path 

behaviours of 2D model of fracture mechanics based 

in FEM of adaptive mesh generation (Miranda, 

A.C.O., 2003). Alshoaibi et al (2007) uses different 

technique to predict the fatigue crack propagation in 

structure. They export the fatigue crack propagation 

data to Post2D software to obtain the results.  

 The adaptive mesh finite element method is then 

used to calculate the stress intensity factors of 

propagated crack. These cracks propagation of the 

railhead surface because of unidirectional plastic 

material flow caused by high attractive force on rails. 

At the early stage, fatigue crack initiates in the 

direction of wheel motion from the crack tip with a 

shallow angle of 25~30 degrees to the surface 

(Kaneta, M. and Y. Murakami, 1991). Due to 

repeated contact loading on rails, they may branch 

down and propagate with a larger inclined angle to 

the rail surfaces, and finally lead to rail failure when 
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the crack reaches a certain limit (Dubourg, M.C. and 

V. Lamacq, 2002; Ringsberg, J.W., 2000). This study 

uses a similar method introduced by Alshoaibi et al. 

The objective of this work is to simulate the 

propagation of fatigue crack under rolling contact 

cyclic loading of rail track. FORTRAN code 

program for predicting the crack propagation and 

stress intensity factors in two modes was developed 

based on four point bending model.  

 

The Situation of Wheel/Rail Contact: 

 The railway track model in Malaysia simulates 

the crack propagation of the rail surface track at the 

different location of the contact loading force were 

applied before, after and on the crack tip. However, 

the initial crack at railhead surface as compared with 

the problem statement of this model. Therefore, the 

wheel during running surface on the railhead to 

observe the crack propagated direction some angle is 

about 30    at the corner gauge of railhead surface 

track.  

 

Four Point Bending Under Mixed Mode Loading: 

 The mixed mode is more complicated of fracture 

problem to predict the performance of the program. 

Which the cracks are propagated from initial crack at 

a single edging crack of rail track and accurately 

values of stress intensity factor in this software. The 

crack pattern for mixed mode fracture is usually a 

curve. It is of interest to investigate fatigue crack 

propagation behaviour for a modified four point 

bending tested under constant amplitude loading as 

shown in Figure 1. The model of the single edging 

crack of the rail track 2D geometry is 800 mm × 133 

mm and the initial crack a0 = 3 mm, that makes an 

angle of 40° with a line perpendicular to the edge.            

 
 

Fig. 1: Four points bending model of rail track. 

 

 The material of this model is carbon steel, which 

the mechanical properties included the yield stress, 

fracture toughness, young modulus and Poisson’s 

ratio as shown in Table 1. The chemical composition 

of the rail track material was used as shown in Table 

2. The maximum composition of Cr+Mo+Ni+Cu+V 

is limited to be less than 0.35% (Sajuri, Z., 2010). 

Therefore, the crack is closed to the corner gauge of 

railhead surface to a determined the force load on the 

higher edge of the crack area. 

 
Table 1: Mechanical properties of the rail track material. 

Yield stress (MPa) Fracture toughness (MPa m ) Young’s modulus (GPa) Poisson’s ratio 

825 51.7 205 0.3 

 

Table 2: Chemical compositions of rail track material. 

C Mn Si P S Cr+Mo+Ni+Cu+V 

0.60-0.80 0.83-1.30 0.10-0.50 <0.05 <0.05 <0.35 

 

Numerical Analysis: 

 The mathematical modelling is used to calculate 

the stress intensity factor analysis and the 

displacement extrapolation method are used to 

compute the stress intensity factors 

(Phongthanapanich, S. and Dechaumphai, 2004) as 

follows:      
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 where E is the modulus of elasticity, v is the 

Poisson’s ratio, k is the elastic materials parameter 
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the crack direction such as the maximum 

circumferential stress theory. The maximum energy 

release rate theory and the minimum strain energy 

density theory, if the crack orientation is allowed to 

change in automatic fracture simulation (Bittencourt, 

T.N., 1996). The maximum stress criterion is 

presenting a closed form solution. It is in a few 

words described below the stress on the crack tip for 

mixed mode is given by assuming up the stress fields 

generated for mode I and II as: 
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 where r  is the normal stress module in the 

radial direction   is the normal stress module in 

the tangential direction and  r  is the shear stress 

module. 

 

RESULTS AND DISCUSSION 

 

 In the case of the first geometry, only the 

calculation of the stress intensity factor is concerned. 

This is to first exhibit the efficiency and the accuracy 

of this program for FM mesh simulation of the crack 

propagation as shown in Figure 2. The crack is 

propagated include some degree as the pure mode I 

and mode II fracture behaviour even though the 

crack is initially kinked. 

 The stress distribution for the single edge 

cracked of rail track as shown in Figure 3. The 

adaptive remeshing technique to predict the crack 

propagation as controlled the small elements are 

around on the crack tips and the region for stress 

gradients with large change as shown in Figure 4. 

The final iteration of time step shows the maximum 

stress distribution at the final point of the crack 

propagation as shown in Figure 5. The fine meshing 

technique places are controlled the final mesh around 

the crack tips, and minimize the total element 

numbers are generated in other regions as shown in 

Figure 6. The maximum stresses distribution at 

contact region such as the slop of crack propagation 

direction toward to the railhead surface as shown in 

Figure 7. 

 

 
 

Fig. 2: Finite element mesh of the fatigue crack path. 

 

 
 

Fig. 3: Stress distribution for the single edge cracked of rail track. 

 

 
 

Fig. 4: Stress distribution close to crack area. 
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Fig. 5: Stress distribution at final crack length. 

 

 
 

Fig. 6: Final mesh of the slop crack propagation direction. 

 

 
 

Fig. 7: The slop of crack propagation direction. 

 

 
 

Fig. 8: Comparisons of the stress intensity factor and times step.       
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Fig. 9: Comparisons of the stress intensity factor and times steps at slop direction.     

 

 The simulations of cracks to predict the mode I 

increase when the mode II decreases, and the length 

of crack path predictions is extended from the 

applied contact force loading on railhead surface. 

The stress intensity factor KI and KII was as well 

considered under the mixed mode loading of this 

model. Therefore, the iteration of times step is 

changed in the crack length and stress intensity factor, 

due to crack propagation as shown above in Figure 8. 

The loading force was applied at close to crack tip 

area to predict the crack propagation. The crack 

propagation direction is forward to close the surface 

as slop direction as shown in Figure 9. Therefore, the 

problems in rail track to loss a small piece from the 

railhead surface, due to repeated wheel motion on 

railhead at contact area.   

 

Conclusions: 

 The present paper provides finite element 

analysis FEA was established the method for crack 

propagation analysis. The prediction of stress 

intensity factors are considered under mixed mode 

loading. The adaptive remeshing technique places are 

controlled the final mesh around the crack tips, and 

minimize the total element numbers are generated in 

other regions and the computational time of the 

simulation. The crack growth rate increased initially 

when the crack propagate longer and that may fall 

down after one maximum value as the crack tip is far 

away from the highly localized contact stresses at the 

rail surface. To predict some slop of crack 

propagation direction toward to the railhead surface, 

due to stresses distribution at contact region. 
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