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Abstract: A unified semi-analytical framework combining the numerical equivalent inclusion method ( NEIM)
and the distributed dislocation technique (DDT) was employed to investigate the interaction between surface
cracks and arbitrarily shaped inhomogeneities in a half-plane. Several representative examples were simulated to
systematically examine the effects of crack angles, inhomogeneity stiffnesses, and the inhomogeneity distances
from the free surface on the stress intensity factors and local stress fields. The results show that, the crack an-
gle leads to notable changes in the crack-tip field and induces pronounced mode coupling. Stiff inhomogeneities
decrease Mode I stress intensity factor but increase Mode I , whereas soft inhomogeneities exhibit the oppo-
site trend. As the inhomogeneity moves farther from the free surface, its perturbation to the crack-tip field be-
comes significantly weaker. The semi-analytical results agree well with the finite element solutions, with dis-
crepancies below 4.5% , demonstrating the accuracy and efficiency of the present framework. The numerical ex-
amples provide clear insight into the dominant mechanisms governing crack-inhomogeneity interaction under

multiple influencing parameters.
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Table 2 Dimensionless stress intensity factors corresponding to different elastic modulus ratios E,/E,
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Table 3 Dimensionless stress intensity factors corresponding to different distances

hy/ry from the inhomogeneity to the free surface

hy/ry = 1.0 hy/ry = 1.5 ho/ry = 2.0
this paper FEM error/ % this paper FEM error/ % this paper FEM error/ %
B 1.123 1.149 2.133 1.067 1.099 2.884 1.107 1.135 2.459
B 0.694 0.704 1.458 0.626 0.642 2.479 0.598 0.610 1.968
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