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The grain microstructure and damage mechanisms at the grain level are the key 
factors that influence fatigue of metals at small scales. This is addressed in this 
work by establishing a new micro-mechanical model for prediction of multiaxial 
high cycle fatigue (HCF) at a length scale of 5-100 µm. The HCF model considers 
elasto-plastic behavior of metals at the grain level and microstructural parameters, 
specifically the grain size and the grain orientation. The HCF model can be applied 
either as a deterministic failure criterion for individual grains, or as a failure func-
tion in probabilistic studies on aggregates of grains. For model verification, the 
predicted results of the failure function are compared with the observed micro-
damage in individual grains of nickel micro-samples. For that the grain size and the 
grain orientation are measured on the surface of the samples by EBSD, as the main 
input variables of the failure function. It is shown that the overall predictive power 
of the HCF model is fairly good. However, some misclassifications occur as some 
grains are damaged, which are predicted to be safe. Post-fatigue investigations 
on individual grains reveal in some cases the reasons for those misclassifications. 
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