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Analysis of Fatigue Micro-crack on Rail Surface under Plasticity
ZAN Xiao-dong, WANG Qiang-sheng, SHENG Yue, JIANG Xiao-yu

(School of Mechanics and Engineering, Southwest Jiaotong University, Chengdu 610031, China)

ABSTRACT: The work aims to study initial fatigue micro-crack behavior on rail surface which is subjected to cyclic wheel/rail
loading under plastic stresses. A 2D finite model of rail with a surface crack was established. The corresponding nodes of the
crack surface were coupled to achieve the effect without crack. After several cyclic loading, the joint coupling was released to
show the crack. The residual stress intensity factor was calculated by analyzing the response of rail by cyclic wheel/rail loading.
The initial fatigue crack growth rate was also calculated by stable stress intensity factors in the asymptotic state (As the number
of cycles increased, the new plasticity in the crack tip became smaller and smaller, and the plasticity did not increase within the
small range of crack tip). In the finite element simulation, the rail was subjected to cyclic wheel/rail loading to produce tensile
residual stress on the upper surface, and the tensile residual stress became smaller and smaller with the increase of depth. After
crack initiation, the residue (Kj) of crack at different angles decreased with the increase of cyclic number, but residue (Kj) in-
creased with the increase of cyclic number. Under the influence of residual stress, the stable stress intensity factor of initial mi-
cro-crack on rail surface in the asymptotic state increased with the increase of crack angle (¢). The residual stress on the rail

surface accelerates the propagation rate of the initial micro-crack and reduces the service life of rail.
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Fig.1 Model for wheel/rail rolling contact
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Tab.1 Mechanical properties of U71Mn steel

Modulus of elasticity ~ Poisson’s ratio  Static yield limit

210 GPa 0.3 550 MPa
Tangential modulus Crack growth Crack growth
rate constant C rate constant m
21 GPa 4.597x107" 2.88
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Fig.2 Bilinear stress-strain relationship of rail
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Fig.3 Finite element model of rail
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Fig.4 Distribution of contact forces between wheel and rail
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Fig.5 Stable stress state of rail elastoplastic behavior
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Fig.6 Stress-strain relationship of materials throughout the
whole simulation process (6=45°)
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Fig.9 Stress intensity factor of crack (6=45°)
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Fig.10 Residual stress intensity factor
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Fig.11 Residual stress distribution of crack surface stability
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Tab.2 Initial crack growth rate

Crack growth rate
without residual stress
/(nm-cycle™)

Crack growth rate
with residual stress
/(nm-cycle™)

Angle of
crack /(°)

15 2.033 922 2.062 019

30 0.972 359 3.397 877

45 0.360 562 9.879 107

60 0.721 849 30.385 720
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