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Analysis of subsurface crack propagation under rolling

contact loading in railroad wheels using FEM
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5. Conclusion

A general subsurface fatigue crack propagation model under rolling contact conditions of railroad wheels is
developed in this paper, which combines a 3D finite element computational method and a previously devel-
oped mixed-mode crack propagation model. The non-linear finite element analysis is used for stress intensity

factor computation. A numerical example is implemented and compared with field observations of the failure
pattern. The effects of several parameters, namely wheel diameter, vertical loading, crack length, crack orien-
tation, crack depth and crack face friction, on the equivalent stress intensity in railroad wheels are studied
using the proposed model.

Several conclusions can be drawn under the investigated conditions in the current study:

(1) The finite element results show that the stress intensity factor histories of an embedded subsurface crack
in railroad wheels under rolling contact conditions are not proportional to each other, which requires
that the fatigue analysis must be performed using a fatigue model capable of non-proportional loading.

(2) For the subsurface crack under rolling contact condition, the mode I stress intensity factor is not signi-
ficant compared with the mode II and mode III stress intensity factors as the material is under overall
compressive loading. Both mode IT and mode III components are significant and should be included in
the fatigue analysis, which indicates a 2D model is not appropriate for railroad wheels under the current
conditions.
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