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Modeling fatigue crack initiation process has been one of the long-standing difficult-to-solve problems,
in the sense it should involve numerical representations of (i)PSB-ladder pattern formation and
(i1)”intrusion/extrusion-crack” transition processes. FTMP (Field Theory of Multiscale Plasticity) -based
FE simulation enables the both in a practically-feasible manner, just by additively introducing
incompatibility tensor-related underlying degrees of freedom into the hardening law. With extended use
of the incompatibility rate can further allow us to express vacancy formation process associated with the
PSB ladder structure. Dislocation dynamics simulations that mimic ladder wall-mediated vacancy
formation processes are examined in the light of the incompatibility rate, with which the subsequent
diffusion analyses are combined to the FTMP-based FE simulations.
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Fig.3a Overview of PSB ladder — fatigue crack simulation.
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