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Stress Singularity Analysis at an Interfacial Corner Between Anisotropic
Bimaterials Under Thermal Stress
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** Department of Mechanical Engineering and Science, Kyoto University,
Yoshida-Honmachi, Sakyo-ku, Kyoto-shi, Kyoto, 606-8501 Japan

A numerical method using the path independent H-integral based on the Betti reciprocal
principle was developed to analyze the stress intensity factors of an interfacial corner between
anisotropic bimaterials under thermal stress. According to the theory of linear elasticity, asymptotic
stress near the tip of a sharp interfacial corner is generally singular as a result of a mismatch of
elastic constants. The singular order and the eigenfunctions are obtained using the Williams
eigenfunction method, which depends on material properties and the geometry of an interfacial
corner. The singular order is real, complex or power-logarithmic. The amplitudes of the singular
stress terms can be calculated using the H-integral. The stress and displacement around an inter-
facial corner for the H-integral are obtained by the finite element analysis. A new definition of the
stress intensity factors of an interfacial corner that is proposed involves a smooth expansion of the
stress intensity factors of an interfacial crack between dissimilar materials. Asymptotic solutions of
stress and displacement around an interfacial corner are uniquely obtained using these stress inten-
sity factors.
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Fig.4 Singular order for the corner in an isotropic

homogeneous material.
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Fig.5 Singular order for an interfacial corner between
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Table 1 Elastic stiffness (GPa) and CTE. (X10° °C)

Aragonite GSO
Cy 159 223
Cp 36.6 108
Ci 2 98.5
Cis 0 84
Cp 87 150
Elastic Cy 159 102
Stiffness Cys 0 333
Cy 85 251
Css 0 6
Cy 413 78.8
Cas 0 6.6
Css 25.6 68.6
e e BT 27
ay 35.0 44
CTE ay 17.0 14.0
@y 10.0 6.8
a3 0 -14

-20C

Y GSO
B R S B
Unit : mm
Fig.6 The interfacial corner between anisotropic
bimaterials.(Uniform change of temperature, ~20°C)
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Table 2 Stress intensity factors. (Fig.6)

r K] K]_[ Km
mm MPa - mm"*”’
0.001 -3.678 13.95 6.920
0.005 -3.694 14.02 6.948
0.01 -3.747 13.99 6.937
0.03 -3.669 14.01 6.951
0.05 -3.688 14.00 6.947
0.08 -3.708 14.00 6.940
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Fig.7 Stress distribution along the bimaterial interface.
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Fig.9 The interfacial corner between anisotropic

bimaterials.(Uniform tension and change of temperature)
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Table 3 Eigenvalues, Scalar coefficients,

Stress intensity factors. (Fig.9) I, =1pm
1 I 111
A 0.5166 0.5254+0.0198i 0.5254-0.0198i
C 0.8207 1.955+8.987i 1.955-8.987i
K 12.04 25.53 9.099

Unit:C,,---MPa-mm'"™, K, K, K---MPa-mm**®
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Fig. 11 The interfacial crack between anisotropic

bimaterials.(Uniform change of temperature,+20°C)
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