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ABSTRACT 

An elasto-plastic theoretical framework is developed for the assessment of rolling contact fatigue 

(RCF). In well-lubricated bearings, failure usually occurs due to subsurface initiated rolling contact 

fatigue in which fatigue cracks initiate at non-metallic inclusions [1]. Crack initiation can be related to 

micro-scale cyclic plasticity due to stress concentrations at inclusions, which depend on the type and 

shape of inclusions [2]. However, crack initiation can be delayed by superimposing compressive 

stresses to offset the stress state, suppressing plasticity at the micro-scale [3].  

To evaluate the occurrence of cyclic plasticity around non-metallic inclusions at the micro-scale, 

macroscopic stress histories are determined by Hertzian contact theory at different depths below the 

surface for a typical roller bearing. These stress distributions are then used as far-field stresses for a 

micro-scale model accounting for inclusions of different material properties, geometries and 

orientations. Linear and non-linear kinematic hardening material models are used to quantify cyclic 

plasticity at the microscale. The cyclic plastic strain around each of the inclusions is evaluated, based 

on this, the critical depth as well as the critical geometry and orientation is determined. Moreover, 

compressive stresses are superimposed to the axial and circumferential components of the stress state 

history at the critical depth, and their effect on the cyclic plasticity near inclusions is investigated. 

Finally, based on linking cyclic plasticity at the microscale with fatigue crack initiation, an optimal 

superimposed compressive stress distribution is obtained. 
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