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Analysis of factors affecting the growth of rail bottom cracks
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Abstract: [ Method] Based on the theory of fracture mechanics, combined with rail bottom measurement, the
model of rail bottom crack expansion has been established and indicators such as critical crack size, average crack
extension rate as well as remaining life has been quantified. [Objective] In terms of the rail material, residual
stress, temperature stress and other factors, work conditions are respectively designed to explore the influences of
rail bottom crack expansion. [Result] It is found that there exists positive correlation between the fracture
toughness of rail material and the remaining life. The remaining life of U95Cr H is less than U78CrV H, which is
less than U75V H. [ Conclusion] Take U78CrV H, used in the line under test, as an example, when the residual
stress grows from 0 to 300 MPa, the critical crack size grows by about 2.5% and the remaining life decreases by
about 6%; and when the residual stress is 200 MPa, increasing the temperature stress from 0 to 200MPa, the
critical crack size does not change much and is within 1%.
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Fig. 1 Micrographs of rail bottom crack
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(e) Crack units

(d) Physical model of initial defect
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Fig. 2 Simulation of the spatial ellipsoidal cracks of rail bottom
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Fig. 3 Graph of applied residual stress
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Tab.1 Comparison of crack growth

) Original crack Glow vein
Propose Location
(length X depth) (depth)
. Bottom
Predicted 4 mmXx0.15 mm 9.88 mm
center
3.95mmX0.13mm around 12 mm
3.93 mmX0.15mm 10.01 mm
Bottom
Measured 4.2 mmX0.15mm  around 8.8 mm
center
0.15 mm in depth 8.5 mm
0.13 mm in depth no obvious
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Tab.2 Crack growth results for different materials of rails
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Area /mm? 886 918 940
1.85x106 1.84x108 1.77x108
Average crack
growth rate 9.08x10%  9.29x10® 9.77x10¢
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Tab.3 Crack growth results for different residual stress of

rails
U78CrvH U78CrVH U78CrvVH U78CrVH
(OMPa) (100MPa)  (200MPa)  (300MPa)
Critical crack
) 64.4 64.7 65.7 66.0
size/mm
Depth /mm 17.1 17.2 174 175
Area /mm? 918 929 951 961
Remaining
. 1.84x108 1.80>108 1.78x10  1.73x108
life /cycle
Average crack
growth rate 9.29x10°  9.55x10°¢  9.78x<10°®  1.01x10°
/mm/cycle
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Tab.4 Crack growth results for different temperature
stress of rails

U78CrvH U78CrvH  U78CrVvH

(OMPa)  (100MPa)  (200MPa)
Critical crack
. 65.7 66.0 66.3
size/mm
Depth /mm 174 175 17.6
Area /mm? 951 960 972
Remaining life
1.78x<10%  1.73x106 1.68x10°
[cycle
Average crack
growth rate 9.78x10°%  1.00x10°  1.05%10°
/mm/cycle
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