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In this study, we explore the role of grain boundaries in the size effect of polycrystal plasticity. For

this purpose, F.C.C. polycrystal models are numerically analyzed using a two-scale theory of the

nonlocal single-crystal plasticity with additional slip boundary conditions. For the analyses of the

polycrystal models, the additional slip boundary conditions are applied on grain boundaries. Two

typical slip boundary conditions called micro-free and micro-clamped conditions are considered. It

is shown that the slip boundary condition on the grain boundaries has a remarkable influence on the

size effect of polycrystal plasticity. The micro-clamped condition causes the size effect clearly in

contrast to the micro-free condition. The difference between two boundary conditions results from

the development of pile-ups of geometrically necessary dislocation near the grain boundaries.
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Fig. 1. Illustration of polycrystal model; (a) 2D polycrystal model subject to macroscopic uniform deformation, (b) the periodic unit ¥

consisting of 16 grains in 3, and (c) grain g; (i=1,2,...,16) and its finite element mesh.
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Fig. 2. Macroscopic stress-strain relations for three values of L"; (a) under micro-clamped condition, and (b) under micro-free condition.
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