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Theoretical prediction of the endurance limit of nano-materials
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This study targeted metal nanopillars and graphene sheets, which possess
completely different bonding states;metallic bonds and covalent bonds, respectively;and exhibit
different deformation capacities. By introducing initial defects into models of these materials,
molecular dynamics methods were applied to analyze the time evolution of defects under cyclic
loading. It was shown that the time until crack initiation decreases rapidly with increases in
temperature and stress amplitude for both materials, indicating that treating the fundamental
processes of fatigue as thermally activated processes is appropriate regardless of the bonding
style. The process leading to fracture (or significant plastic deformation) under repeated loading
involves multiple stages of thermal activation. Therefore, a theoretical prediction formula
considering multi-stage thermal activation processes was constructed, compared with molecular
dynamics analysis results, and its validity was demonstrated.
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