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Stress Intensity Factors Analyses of a Three-Dimensional Interface Crack
Between Anisotropic Dissimilar Materials Under Thermal Stress
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A new numerical method was presented for stress intensity factors (SIFs) analyses of a three-
dimensional interface crack between dissimilar anisotropic materials subjected to thermal stress.
The M-integral method was applied to the thermoelastic interfacial crack in three-dimensional
anisotropic bimaterials. The moving least square method was used to calculate the value of the M-
integral. The M-integral in conjunction with the moving least square method can calculate the SIFs
from only nodal displacements obtained by the finite element analysis. We analyzed the SIFs of
external circular interfacial cracks in jointed dissimilar anisotropic solids subjected to thermal load
and showed the distributions of SIFs along the crack front. The distribution of stress and the crack
opening displacement obtained by the asymptotic solution with the SIFs are compared with those
obtained by the FEM with fine mesh. They are almost identical each other.
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Fig. 1 Aninterface crack between dissimilar anisotropic media.
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Fig. 3 An external circular interface crack between dissimilar
anisotropic materials subjected to thermal stress.

Table 1 Elastic stiffness C, (GPa) and CTE a, (10/°C)

Material Aragonite Topaz GSO

properties  (Orthotropic)  (Orthotropic) ~ (Monoclinic)
C, 160 281 223
Cp, 36.6 126 108
Cy 1.97 846 98.5
Cis 0 0 84
Cy, 87 349 150
Cy 159 88.2 102
Cys 0 0 333
Cy 85 295 251
Cys 0 0 -6
Cy 413 108 78.8
Cy 0 0 6.6
C 256 133 68.8
Cg 427 131 82.7
a, 35.0 59 44
a, 170 48 14.0
[ 100 44 6.8
05 - - 14

Table 2 Material combinations for thermoelastic analyses.

Combinations Material 1 Material 2
Case 1 Aragonite Topaz
Case 2 Aragonite GSO

Table 3 Finite Element meshes for thermoelastic analyses.
Mesh Number of ~ Number of mla
nodes elements
Mesh 1 246,487 58,432 0.05
Mesh 2 474,851 114,000 0.025
Mesh 3 685,529 165,840 0.0125
m: size of the smallest element around a crack tip.
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Fig. 4 The relationship between the SIFs and the path radius.
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Table 4 Calculated stress intensity factors (Case 1 - Sample 1).

®  Meh G X, K, Ky
degrees 10%/m? MPam", /= 10 um
Mesh1 140 4.31 135 097
225 Mesh2 139 4.31 1.36 097
Mesh3  1.39 4.33 1.35 097
Mesh1 037 207 0.88 0.01
900 Mesh2 036 208 0.90 -0.01
Mesh3  0.37 209 0.91 -0.01
Mesh1 140 431 1.35 -097
1575 Mesh2 139 431 1.36 -097
Mesh3 139 433 1.35 -0.97
Table 5 Calculated stress intensity factors (Case 2 - Sample 1).
@ Mesh G K, K K,
degrees 109/m’ MPam'", J,= 10 um
Mesh1 126 379 1.03 1.21
225 Mesh2 125 3.78 1.02 1.20
Mesh3 126 3.79 1.02 1.20
Meshl 007 0.73 022 002
90.0 Mesh2 006 0.75 024 -0.03
Mesh3  0.06 0.75 024 -0.03
Mesh1 123 362 097 -133
1575 Mesh2 122 364 098 -133
Mesh3 122 365 097 —1.33
Table 6 Calculated stress intensity factors (Case 1 - Sample 2).
®  Meh G K, X, X,
degrees Jm? MPam', /,= 10 ym
Mesh1 387 227 0.71 049
225 Mesh2 384 227 0.71 049
Mesh3 384 228 0.71 049
Mesh1 922 1.03 044 -0.07
900 Mesh2 913 1.04 045 007
Mesh3 917 1.05 046 -0.07
Mesh1 315 204 064 048
1575 Mesh2 314 204 065 -048
Mesh3 314 205 0.64 -0.48
Table 7 Calculated stress intensity factors (Case 2 - Sample 2).
®  Meh G X, X, X,
degrees Jim® MPam', [,= 10 um
Meshl 345 1.99 0.53 063
225 Mesh2 343 1.98 0.53 0.62
Mesh3 344 1.99 0.53 0.62
Mesh 1 1.78 0.36 0.1 -0.05
900 Mesh2 158 037 012 006
Mesh3 153 0.38 0.12 -0.06
Mesh1 281 1.73 0.46 -064
1575 Mesh2 278 1.73 0.46 -064
Mesh3 278 1.73 046 -0.64
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Fig. 5 SIFs distributions along the crack front for Case 1 in Sample 1.
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Fig. 6 SIFs distributions along the crack front for Case 2 in Sample 1.
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Fig. 7 SIFs distributions along the crack front for Case 1 in Sample 2.
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Fig. 9 Distributions of stress in the vicinity of an interface crack
tip obtained by the asymptotic solution with calculated stress
intensity factors and obtained by the FEM directly, for Case 2 in

Sample 1 (A.S.: Asymptotic Solution).
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Fig. 11 Distributions of the COD in the vicinity of an interface
crack tip obtained by the asymptotic solution with calculated
stress intensity factors and obtained by the FEM directly, for
Case 2 in Sample 1 (A.S.: Asymptotic Solution).
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stress intensity factors and obtained by the FEM directly, for
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