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Evaluation of Local Stress at Grain Boundaries by Three-Dimensional Polycrystalline Model
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Abstract In order to predict the initiation of stress corrosion cracking, the dependency of
stress on the initiation behavior has to be clarified. In the case of intergranular stress corrosion
cracking, the tensile normal stress acting on the grain boundary (normal GB stress) and shear stress
acting on the grain boundary (shear GB stress) at the surface play important roles as driving force
of the crack initiation. However, the local stress in a polycrystalline body is inhomogeneous which
stems from the anisotropy of elasticity of each grain. Moreover, the inclination of grain boundary to
the load axis (grain boundary inclination) affects on the normal GB stress and shear GB stress.
Therefore, the local stress at the surface, which relates to the driving force for crack initiation, is
complex and difficult to quantify. In this study, the stress at the surface was evaluated by elastic
finite element method under a remote uniform tensile stress condition by using three-dimensional
polycrystalline bodies consisting of 100 grains generated by a Monte Carlo method. It was revealed
that the local stress on the polycrystalline body is inhomogeneous under uniform applied stress and
the maximum normal GB stress and shear GB stress become more than 1.6 times of stress that is
obtained under homogeneous and isotropic body. It was also shown that the stresses depend on the
grain boundary inclination. Finally, the statistical parameters of the distributions of the normal GB
stress and shear GB stress were identified for the statistical estimation of these stresses.

Keywords Polycrystalline material, Crack initiation, Grain boundary, Stress corrosion
cracking, Normal stress, Shear stress, Finite element method
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