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Abstract: This investigation proposed an accurate and efficient numerical technique for
stress analysis of un-cracked body and cracks in three-dimensional elastic media. The
technique is established in a general context allowing the treatment of arbitrary-shaped cracks
in both infinite and finite bodies, three-dimensional media made of generally anisotropic
elastic materials, infinite bodies containing localized complex zones, and fractures with nano-
scale influences. A pair of weakly singular, weak-form boundary integral equations for the
displacement and traction is developed and successfully implemented in terms of the weakly
singular, symmetric Galerkin boundary element method SGBEM and SGBEM-FEM coupling
to determine the unknown crack-face and related boundary data. The crucial features of the
proposed numerical technique are associated with the reduction of one spatial dimension of
the key governing equation and all kernels contained in the involved boundary integral
equations are only weakly singular allowing standard continuous interpolation functions to be
used in the numerical approximation. Once the jump and sum crack-face displacement data is
determined, it forms a sufficient set of information essential for independently extracting the
mixed-mode stress intensity factors and the T-stresses. The accuracy of this data in the
vicinity of the crack front is enhanced by using special crack-tip elements that contain proper
shape functions and extra degrees of freedom along the crack front. With incorporation of
these special elements, a pair of explicit and concise expressions for the stress intensity
factors and for the T-stresses can be derived. To investigate the accuracy and efficiency of the
proposed numerical technique, extensive numerical experiments are performed on various
boundary value problems involving un-cracked bodies and cracks in both infinite and finite
media. From the numerical study, the proposed technique is found promising and
computationally robust for three-dimensional fracture analysis.
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T-stresses
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