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Stress Intensity Factors Analyses of Three-Dimensional Interface Crack
between Anisotropic Dissimilar Materials '
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A new numerical method to calculate the stress intensity factors (SIFs) of a three-dimensional
interface crack between dissimilar anisotropic materials was developed. In this study, the M-integral
method, usually used as a post-processing step of the finite element method, was employed for the
mode separation of the SIFs. The moving least square method was used to calculate the M-integral.
Using the M-integral with the moving least square method, the SIFs can be automatically calculated
without the need for a complex, time-consuming procedure. The SIFs analyses of some typical three-
dimensional problems are demonstrated. Excellent agreement was achieved between the numerical
results obtained by the present method and corresponding results proposed by other researchers.
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Fig. 1 An interface crack between dissimilar anisotropic media.
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Fig.2 An elliptical crack in homogeneous material.

Fig. 4 M-integral paths for example.

Fig. 3 Angle .

Table 1 Errors of stress intensity factor K] of an elliptical crack in
homogeneous material obtained by present method (%).

®  pahl Pah2 Pah3 Pahd4 DE
(degree)
00 - - - — 2977

75 3216 0302 1206 0402 -4.079
150 0286 1143 0762 0667 -4.381
225 -1868 -0.178 -0178 0267 -4.270

.30 -1166 0000 0583 0250 -4.746
375 0549 0784 0627 0392 -5.094
450 -0521 0595 0.149 0149 -5.060
525 0998 0142 0142 035 -4.562
600 -0758 0413 0207 0275 -4.39%
675 -0805 0067 0067 0268 -4.292
750 0593 0264 0.432 0395 -2042
825 -0586 0000 0000 0261 -2280
90.0 - - 4675
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Fig. 5 A penny-shaped crack between isotropic bi-materials.

Table 2 Combination of materials for example 2.

Combination Young’s modulus (GPa) Poisson’s ratio
Material 1 150 0.30
Material 2 ‘ 20 025

Table 3 Finite element meshes for example 2.
Mesh Numberof ~ Number of mla

nodes elements
Mesh 1 41493 . 9386 01
Mesh 2 131239 30770 0.05
Mesh 3 238369 56680 0.025

m size of the smallest element around a crack tip.

Table 4 Energy release rate (Jim’) and stress intensity factor
(MPa+/m , = 10um) calculated by the present method (Mesh 2).

Path 1 Path 2 Path 3 Path 4 Exact

G 3259 3272 3272 3274 3237
(0685%) (1.082%) (1.067%) (1.142%)

K, 04880 04938 04944 04957  0.4960
(-0.704%) (-0.199%) (-0.142%) (-0.031%) ’

K 1043 1.045 1.044 1.044 1.033.
0.912%) (1.015%) (0.976%) ' (0.976%)

Ky 0001 0.001 0.001 0.001 0.000
(<0.008%) (~0.008%) (-0.008%) (-0.008%)

() : Relative error of numerical results.
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Fig. 6 Distribution of errors of the stress intensity factors along
the crack front of a penny-shaped interfacial crack (Mesh 2).
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Fig. 7 Errors of stress intensity factors calculated by the pmem
and the displacement extrapolation methods.
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Table 6 Combinations of materials for examples 3 and 4.
Combinations Material 1 Material 2
O G oo
O Gy ot
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Fig.8 Single-edge interface crack between anisotropic bi-materials.
(a=10mm, W=t=h=20mm)

Table 5 Hlastic stiffnesses C; (GPa) of anisotropic materials

Table 7 Finite Element meshes for example 3.
Mesh Number of ~ Number of mla

nodes elements
Mesh 4 31419 7040 0.1
Mesh 5 136089 32000 0.05
Mesh 6 261337 62320 0.025

m: size of the smallest element around a crack tip.

Table 8 Calculated stress intensity factors (Example 3 - Case 1)

mla G K, K Ky
Jm® MPay/m, [, = 10um

Mesh 4 0.1 1685 -1402 4.785 -
Mesh5 005 1729 -1428 4.858 -
Mesh6 0025 1754 -1444 4898 -

Table 9 Calculated stress intensity factors (Example 3 - Case 2)

mia G K K, K,
Jm? MPav/m, [, =10um

Mesh 4 0.1 2391 -0790 5065 -0510
Mesh5 005 2450 -0803 5135 -0516
Mesh6 0.025 2489 -0810 5183 -0519

Table 10 Calculated stress intensity factors (Example 3 - Case 3)

mla G K, K, Ky
Jm’ MPay/m, [, = 10um

Mesh 4 0.1 4300 0773 5143 -03%4
Mesh5 005 4362 0780 5188 0355
Mesh6 0025 4413 0786 5226 -0.355

S u%?:;s Aragonite  Topaz GSO CaSO,
o 160 281 223 945
C, 366 126 108 379
Cs 197 846 98.5 282
Cs 0 0 84 -1
Cy 87 349 150 65.2
Cy 159 88.2 102 32
Cys 0 0 333 6.9
Cy 85 295 251 50.2
Css 0 0 -6 =75
C, 413 108 788 86
Ce 0 0 6.6 -11
Cs 256 133 68.8 324
Ce 427 131 827 10.8
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Fig. 9 Distributions of stress intensity factors along the crack
front of a single-edge interfacial crack (D.E.: Displacement
Extrapolation method).
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Fig.10 Asemi-arcular suxfaoe crack between anisotropic bi-materials
(a=10mm, W=h= 100 mm, =50 mm )
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Fig. 11 Distributions of stress intensity factors along the crack
front of a semi-circular surface crack.
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