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Abstract
Contact Condition between the wheel and rail involved a 
combination of rolling and sliding contact, commonly referred 
to as mixed rolling/sliding Contact. Base on rolling and sliding 
contact wear and cracks are initiated. Material damage modes that 
develop as a result of these contact conditions involve material 
loss (wear), and the development of surface initiated cracking 
(rolling contact fatigue). The Rolling contact fatigue mechanism 
and its phase crack growths are well understood for steady state 
condition. Also understand fretting fatigue.
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I. Introduction
Wear and Crack initiation are modeled as a ratcheting (accumulation 
of plastic deformation) process take place over thousands of contact 
cycle. Material which accumulates an experimentally determine 
critical strain is define to have failed. Where this occurs at the 
rail surface material may be removes as wear debris and good 
correlation of the predicted wear rates with field test has been 
found. Failed material deeper inside the rail cannot break away 
and is therefore taken to respect a crack, providing a quantified 
assessment of crack initiation.
Crack growth is the combination of wheel rail contact stresses with 
residual stress, continuous welded rail stress and the possibility of 
wheel contact running either side of the crack as well as directly 
across it. These have generated greater understanding of the factors 
which may cause a crack to turn up towards to the rail head 
or down into the rail. Modeling contacts which are offset from 
existing cracks shows that growth rate can be slowed dramatically 
by just a few millimeters change in contact position offering the 
possibility of new and maintenance strategies. 

II. RCF Mechanism

Fig. 1: Without Deformation

Fig. 2: With Deformation

Fig. 1 and fig. 2 show a snap shot of simulation of ratcheting 
damage. In figure white indicates undeformed material, grey 
indicates slightly deformed material and black indicates slightly 
deformed material [1].
Typical railway, wheel rail contact can be classify by Hertzian 
Contact theory predict the stress distribution inside the rail for 
particular contact condition at the rail surface. In some case the 
stresses in the metal near the contact exceed its elastic limit and 
therefore deform plastically. Even if the material is fully constrained 
the material becomes extruded with the surface layers of material 
progressively shearing relative to the subsurface material in the 
direction of traction force. This plastic deformation can increase 
the length of any slanted cracks by moving the position of the 
crack mouth away from the crack tip as shown in fig. 3.

Fig. 3: Surface Breaking Crack Through Wear of the Surface

Similarly this process can form ‘Laps’ or ‘Folds’ in the surface 
material as it becomes extruded over itself and develops features 
which can become cracks.
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III. Crack Growth Phase

Fig. 4: Crack Growth Phases Mentioned Crack Life From Initial 
to Rail Failure

Phase I – Crack generated primary by ratcheting
Phase II – Crack generated by Contact stress
Phase III – Crack generated by rail bending stress 
Phase I and Phase II shows the crack growth rate as the crack 
initiates under the influence of material plasticity e.g. ratcheting 
and plastic strain reversal and contains to grow under the influence 
of localized contact stresses. The crack growth is initially rapid 
when the crack is very short (Phase I) but falls as the crack growths 
away from the very highly plastically deform material near the rail 
surface. During the next phase of growth (Phase II) the crack is 
develop by contact stress. Although there is belief that the presence 
of fluid is equally vital if crack growth is to occur [8].
In conventional structure, the loads are applied remotely from 
the crack for which crack does not alter the bulk stress in the 
body and one past the rapid short crack phase, Crack growth 
rate increase with crack length. This behavior is also observed in 
notched components. However, these tendency for increasing the 
crack growth rate with crack length is only part of the story for 
a crack under contact loading because the crack is also growing 
away from the high stress which drives its growth.
Phase II is essentially traction phase. As the crack grows, the crack 
driving force associated with contact loading can be expected 
to reduce and crack arrest could result. At the same time, the 
influence of the compressive longitudinal stresses that are another 
consequence of plastic flow produce by contact loading will also 
reduce. The effect of these will be to make the rail bending stress 
more significant, encouraging the development of branch cracks 
which may penetrate the rail head at an angle of 55-650. 
Bending stress affect all stage of crack growth, although they 
dominate in phase III. When the wheel is at a specific point on 
the rail, the result bending of the rail. As the crack grows the rack 
growth (the crack tip extension per cycle) varies depending on 
whether it is driven by contact patch stresses, bulk rail bending 
stresses or a combination of the two. Additional influence on 
the growth of the cracks include the material of the rail, residual 
stresses in the rail (both those which remain after manufacture 
and those developed due to plastic flow of the rail steel during 
use), the presence or otherwise of a fluid and the type of fluid if 
present and continuously welded rail stress [9-11].
Precisely what will happen will depend on the balance between 
all the factors plus other such as thermal stresses. A wide range 

of patterns of behaviors are observe ranging from crack arrest 
through the development of branch cracks resulting sometimes 
in spalling but also creating a risk of brittle fracture.            

IV. Phase I Crack Growth
Contact forces generated in most railway wheel rail contacts are 
sufficient to initiate microstructural RCF cracks at every contact 
location on a rail. This is based on the extreme contact stresses 
predicted for rough contacts. Even for initially smooth surfaces, 
crack initiate for creep with contact pressure. 
On rail removes from service, evidence for hardening and plastic 
deformation can be found by hardness tests and metallographic 
examination. The surface of rails removed from service has been 
found to often have a very hard martensitic layer with evidence 
of thermal cycling, hardness reduced away from the surface and 
shearing was found in the direction of traction. Being brittle, 
this hard martensitic layer can easily crack. However, this 
existence of microstructural cracks will happen throughout the 
rail network[4-7].      
Since microstructural crack initiated appears to occur throughout 
the rail network, it is not a useful measure of the initiation of RCF 
cracking. It is therefore sensible to consider crack initiation to 
occur at the beginning of the next phase in the life of the crack, 
that of crack propagation. This is at length scale when continuum 
Linear Elastic Fracture Mechanism (LEFM) are appropriate and 
corresponds to approximately the size of cracks that can be 
observed in the rail. LEFM provides the concept of a threshold 
below which crack do not propagate.
The threshold is expressed as stress intensity factor which 
correspondence to a particular crack length for a given applied 
stress. Crack at this length or below may therefore remain present 
in the material but will not propagate unless the stress applied rises 
to give a stress intensity factor exceeding threshold. However due 
to large plastic strains experienced by the rail material, it is usually 
considered more appropriate to model crack growth using elastic 
plastic fracture mechanism.
Features of very small cracks
Phase I crack growth take place at very small crack length. 
Although these cracks may at first appear to be driven by similar 
nominal forces to these driving cracks in phase II. It is found that 
shorts cracks typically grow at rates significantly greater than long 
crack when subjected to the same nominal driving force.

Fig. 4: Fatigue Crack Grow Behavior
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From figure, crack growth rate typically increase with crack 
length, it can also increase as length become very small. Behavior 
expected of geometrically short cracks when the stress intensity 
factor is close to the long crack threshold. If stress intensity factor 
were applied to short cracks that were in the linear ‘Paris’ region, 
crack growth rates were similar for both long and short crack. 
This is likely to be tied up with closer effects, as the stresses 
necessary to create Δk in the Paris region with short cracks also 
result in general yielding (Mild steel), so that the short cracks 
were definitely open.
Microstructural short cracks are usually reported to follow a 
grass hopper type growth pattern, fast at first, decelerating as a 
microstructure barrier is approached, then jumping ahead when 
the barrier is breached. This is a useful model in a single phase 
material were the barriers are the grain boundaries, but it has not 
been reported in a complex microstructure such as profile.
Crack growth during dry rolling sliding contact of rail and wheel 
steel from 125 to 40000 contact cycle, crack length is represented 
by
L = 1100(1-e-N/8000)
Where, L = Length in microns
  N = Number of contact cycles
“Damage” parameter including both ratcheting and low cycle 
fatigue is used to predict the time for initiation of head cracks. 
Damage accumulates very rapidly after first contact, but at a 
decreasing rate as the number of contact cycle increases.
Grinding is beneficial since it removes the already fatigues layers 
from the rail surface and reduces crack initiation. However 
roughness generated by the grinding action is expected to produce 
peaks in contact pressure and induce plastic flow in a thin layer. 
The roughness tops are plastically deformed and worm away to 
produce relatively smoother surfaces, reducing the intensity of 
peak stresses. It is the interaction of these two processes (removal 
of fatigue layer and production of peaky contact pressure) that 
dictates whether roughness produced by grinding will cause crack 
initiation or not.

VI. Fretting Fatigue
Fretting fatigue involves a similar contact mechanism to wheel 
rail contact, although sliding distance are much smaller and the 
contacts are between closely fitting components, typically trapping 
wear debris within the contact. In fretting, sliding contact of two 
steel bodies causes wear and/or crack initiation, predicting the 
traction between these two regimes and also the condition for and 
probable sites of crack ignition. Partial slip (stick slip) is shown 
to increase the chances of crack initiation.
In fretting fatigue, cracking is the dominant damage mechanism 
when the displacement amplitude of the contacting bodies is 
small and the contact is therefore only partly slipping, wear is 
increasingly observes at larger amplitude. 
Fretting fatigue is mainly happen in case of breaking of rail. 

VII. Conclusion
The conditions could be more closely controlled than is possible 
during field trial. By RCF mechanism generation of crack can be 
easily understood starting form initial condition to major failure. 
By grinding initial crack can be eliminated as well as open it. At 
the time of breaking of rail, wheel can slip on rail and sliding will 
be generated. So, fretting Fatigue failure chance will be there. 
Finally, It can be conclude that the growth rate of the crack and 
hence its length is depends on the interaction of wear and fatigue 
processes is clearly understand. 
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