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Effect of Elastic Anisotropy of Crystal Grain on Stress Intensity Factor
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Abstract The stress intensity factor (SIF) is used widely for evaluating integrity of cracked
components. Usually, the SIF obtained under isotropic elastic conditions is used for the evaluations.
Although, macroscopic elastic behaviors of polycrystal materials can be considered isotropic, each crystal
has anisotropic elastic properties. This implies that if the crack size is small and the influence of anisotropic
elastic properties on the stress around cracks is significant, the SIF evaluated under anisotropic elastic
conditions may differ from the SIF obtained under isotropic elastic conditions.

In the present study, the effect of anisotropic elasticity on the SIF was evaluated by using the finite
element analysis (FEA). First, the SIF of semi-circular cracks located in a single crystal was evaluated. It
was found that the SIF is affected crystal orientation. Secondly, FEA using a polycrystal model was
performed. It was found that the change in the SIF was caused by crack tip crystal orientation as well as the
deformation constraint from neighboring crystals. Finally, the statistical tendency of change in the SIF
caused by the anisotropic elastic properties and the relationship with crack size were examined. The
influence of the local SIF on crack growth behavior is also discussed.

Keywords Stress Intensity factor, Short Crack, Anisotropic elastic, Finite Element Method
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