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Theoretical Framework for Crack and Dislocation Interaction in 3D FGMs
CHEN Xing Wei
Department of Civil Engineering, The University of Hong Kong, Hong Kong, P. R. China

Crack-dislocation interaction is one of the most fundamental problems in solid mechanics and
material science. Previous analytical treatments have been mostly limited to plane problems
in homogeneous material domain due to the intrinsic mathematical difficulty (Anderson and
Rice 1987, JMPS; Ga0,1989, JMPS; Gao and Rice,1989, IMPS; Gao,1991, JMPS). However,
real cracks and dislocations are in finite size. Additionally, real material domain is essentially
in 3-D nature and can be engineered to be highly inhomogeneous, such as functionally graded
materials (FGMs). Understanding the interaction behavior in 3-D inhomogeneous material
domain is thus of both scientific interest and practical importance. In this research, we aim to
develop an efficient theoretical framework for the analysis of crack-dislocation interaction in
3-D FGMs. Unlike most exiting treatments on crack problems in FGMs, in this framework
both the shear modulus and the Poisson’s ratio of FGMs are allowed to vary in arbitrary
manner. Another advantage of this framework is that it can use huge number of homogenous
sublayers to approximate the FGMs without the loss of computational efficiency, stability and
accuracy. Additionally, it is also featured by its mathematical consistency in that a group of
closed form solutions to the interaction problems with special geometry in homogenous
material can also be obtained in a unified manner. In this talk, we will focus on our recent
progress in the solution of dislocation in FGMs and its application to the axisymmetric
interaction between a penny-shaped crack and dislocations near an arbitrarily graded interface.
At the end of this talk, the application of this framework to the analysis of some important
problems in geomechanics will be also discussed.
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