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Stress Intensity Factor Analysis of a Crack on an Interface
between Dissimilar Anisotropic Materials

Koh YAMANAGA, Toru IKEDA* and Noriyuki MIYAZAKI

*3 Department of Chemical Engineering, Kyushu University,
6-10-1 Hakozaki, Higashi-ku, Fukuoka-shi, Fukuoka, 812-8581 Japan

A new method is presented for stress intensity factor analysis of a crack between dissimilar
anisotropic materials. The virtual crack extension method, which is used with the finite element
method, is a powerful tool for estimation of the energy release rate. The virtual crack extension
method is applied to stress intensity factor analyses of a crack between dissimilar anisotropic
materials. The energy release rate obtained by the virtual crack extension method is separated into
individual stress intensity factors, Ki, Ku and Km, using the principle of superposition. We applied
this method to a center interface crack between dissimilar jointed anisotropic plates. The results are
compared with analytical solutions. It is found that the energy release rate and stress intensity
factors obtained by the present method are very accurate and insensitive to the size of finite elements.
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Fig. 1 Aninterface crack between dissimilar anisotropic media.
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Fig.3 Center interface cracks between jointed semi-infinite
dissimilar anisotroipic plates.
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Table 1 Elastic stiffness (GPa).
Argonite  Topaz GSO CaSO,

160 281 223 94.5
36.6 126 98.5 28.2
2 84.6 98.5 28.2
0 0 8.4 -11
87 349 150 65.2
15.9 88.1 102 32
0 0 33.3 6.9
85 295 251 50.2
0 0 -6.1 -7.5
41.3 108 78.8 8.6
0 0 6.6 -1.1
25.6 133 68.8 324
42.7 101 82.7 10.8

Table 2 Combinations of materials.

Material 1 Material 2
Case 1 Argonite Topaz
Case 2 Argonite GSO
Case 3 GSO CaSO

4

Table3 Finite element meshes for analyses.

Model Number of Number of mila
nodes elements

Meshl 5532 1816 0.2

Mesh2 9658 3185 0.1

Mesh3 22250 7369 0.05

m: size of the smallest element around a crack tip
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Table 4 Analytical values of energy release rate and stress intensity

factors of Sample 1.

Load G K K K

1 1 I

direction 10#J/m?* 10 3MPa/m , /= 10um

Casel 2 222 -247 526 00
1 181 526 2.04 0.0
3 3.11 0.0 0.0 5.64

Case2 2 289 143 548 0.70
1 2.18 553 -1.07 -0.06
3 3.59 -0.09 -0.86 5.60

Case3 2 507 131 552 -0.68
1 414 555 -0.97 0.05
3 6.23 006 0.65 5.61

Table 5 Analytical values of energy release rate and stress

intensity factors of Sample 2.

Load G K K K

1 1 m

direction 10'J/m?  10'MPa/mi , /= 10pm

Casel 2 216 -0.58 1.70  0.00
1 176 1.70 048 0.00
3 3.07 000 000 177
Case2 2 283 033 174 0.16
1 214 175 -0.25 -0.01
3 3.53 -0.02 -020 1.76
Case3 2 497 030 1.75 -0.16
1 407 176 -0.22 0.01
3 6.14 001 015 1.77
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Fig. 4 Distorted finite elements around a crack tip for crack

extension.
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Table 6 Errors of the energy release rates and stress intensity
factors obtained by Mesh 3 for Sample 1.

Load G K, K K,
direction
Casel 2 -0.22 0.01 -0.11
1 -0.33 -0.17 -0.03
3 -0.18 -0.09
Case2 2 0.08 -0.09 0.06 -0.03
1 -0.37 -0.16 0.11 0.02
3 -0.18 0.03 0.05 -0.09
Case3 2 -0.06 -0.03 -0.02 0.03
1 -098 -051 002 0.06
3 -0.25 -0.06 -0.04 -0.11
(%) -

Table 7 Errors of the energy release rates and stress intensity
factors obtained by Mesh 3 for Sample 2.

Load G K, K K,
direction
Casel 2 -0.27 0.03 -0.13
1 -0.26 -0.13 -0.03
3 -0.20 -0.10
Case2 2 0.03 -0.12 0.04 -0.04
1 -0.25 -0.11 0.07 0.01
3 -0.20 0.02 0.07 -0.09
Case3 2 -0.07 -0.03 -0.03 0.03
1 -0.79 -042 -0.05 0.04
3 -0.24 -0.07 -0.04 -0.11
(%)
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(c) Load direction 3

Fig. 5 Emors of the energy release rates and stress intensity factors
obtained by the present method for Case 3 in Sample 1.
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Fig. 6 Errors of the energy release rates and stress intensity factors
obtained by the present method for Case 3 in Sample 2.
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