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Stress Intensity Factor Analysis of an Interface Crack between
Anisortropic Dissimilar Materials under Thermal Stress
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One of the most frequently encountered problems in bimaterial media is interfacial cracking,
sometimes also known as delamination. The stress intensity factors of a crack between dissimilar
materials are important parameters for evaluating delamination strength. A new method is proposed
for the stress intensity factor analysis of a crack between dissimilar anisotropic materials under
thermal stress. The virtual crack extension method (VCEM), which is used with the finite element
method (FEM), is reliable methods for estimating the energy release rate. Energy release rate
obtained by the VCEM is separated into individual stress intensity factors, Ki, Ku and K using the
principle of superposition. The present method was applied to interface cracks between jointed
dissimilar plates under thermal stress. The distribution of stress and the crack opening displacement
obtained by the asymptotic solution with the stress intensity factors are compared with those of
obtained by the FEM with a fine mesh. They are almost identical each other.
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Fig. 1 An interface crack between dissimilar anisotropic media
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Fig. 2 Jointed dissimilar plates with double edge cracks under
thermal stress ( Sample 1: Uniform change of temperature,
—20°C, Sample 2: Uniform gradient of temperature, —0.1°C/mm)
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Table 1 Elastic stiffnesses (GPa) and CTE (x 10° °C)

Aragonite GSO LT
(Orthotropic) (Monoclinic) (Trigonal)
C, 159 223 230
C., 36.6 108 42
Cys 2 98.5 79
Cis 0 0 =11
Cis 0 8.4 0
C,, 87 150 =C,
Elastic gz 1(5)'9 18 2 _ E‘é”
Stiffness  C,, 0 333 0
Cy; 85 251 275
Cys 0 -6 0
Che 41.3 78.8 96
Cue 0 6.6 [¢3
Css 25.6 68.6 =C,
¢ o o
Ce 42.7 82.7 =(CGp)/2
o, 35.0 4.4 16.1
CTE 0, 17.0 14.0 16.1
o, 10.0 6.8 4.1
o, 0 -1.4 0

Table 2 Combinations of materials for thermal elastic analyses

Combinations Material 1 Material 2
Case 1 Aragonite GSO
Case 2 IT GSO

NI | -El ectronic Library Service



The Japan Soci ety of Mechani cal

Engi neers

B T 0 B S UE X R OISR BT 289
Li-b0%, K 3~10 (TR7. K 3~6 2B\, 10
LIBT3 0=0, 3T RbbLRE EOGHEL, 0=1/4
(BB LD LO=—mwa (bPEH2M) DOFEEHTR ED S
JEMBEIZNWTRUE. ¥, B 7~10 1203, %67 10 .
AEMLD x, y, z HEEGT (Au, Ay, Aw) ZRLTZ. K3 - <~“
~10 £V, BAFGRHIBT BEBRE— FORRIC =
DNTIEHEL—HELTEY, AFECLVELNIR E
THERFBDENZE THH 2R LTS, L 10 FEM Asymptotic
U, RSTHEREFEOAEAS OISEY, Case 2 O Ky k2% o o o Solution
JET BISHORERITONTIL, 1EEAE—BL TV 0= w4 @  ——
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Table 3 Finite Element meshes for analyses Distance from a crack tip [mm]
Numberof  Number of mla @o
nodes elements , v
Mesh 1 5617 1816 02 10
Mesh 2 9745 3184 0.1
Mesh 3 22333 7369 0.05
Mesh 4 33393 11028 0.005 1021
m: size of the smallest element around a crack tip.
'E‘ @,
& 2
Table 4 Calculated stress intensity factors (Sample 1 - Case 1) S 10! ha_ NG|
Mesh mia . G Ky K Ky &
kJ/m® MPa+/m, j=10um FEM Asymptotic
Mesh1 02 0107 384 051 034 1 Solution S
Mesh2 01 0104 38 053 034 6= 0 2 —
Mesh3 005 0103 380 054 035 6= w4 h
Mesh4 0005 0101 378 ~ 057 035 10" 0=-md - ‘
* . 0.01 0.1 1
Table 5 Calculated stress intensity factors (Sample 1 - Case 2) Distance from a crack tip [mm]
Mesh  mia G K K Ky ®o,
‘ kJ/m? MPa+/m , [=10um 10°
Mesil 02 00256 211 000 063
Mesh2 01 00251 210 004 063 e
Mesh3 005 00249 209 006 063 el
Mesh4 0005 00247 209 011 063 O
- O
Table 6 Calculated stress intensity factors (Sample 2 - Case 1) E 10}
Mesh  mia G K K Ky g
kJ/m’ MPa+/m, /=10um FEM Asymptotic
Meshl 02 264 191 251 170 Solution
Mesh2 01 258 190 266 171 gf /2 C.) —
Mesh3 005 254 189 273 172 - ht ..,
Mesh4 0005 251 188 28 174 N (i |
0.01 0.1 1

Table 7 Calculated stress intensity factors (Sample 2 - Case 2)

Mesh  mia G K; K Ky
KJ/m? MPa+/m, [=10um
Meshl 02 0633 105 004 312

Mesh2 0.1 0.622 104 021 3.13
Mesh3 005 0.616 104 033 3.14
Mesh4 0005 0611 104 0.52 3.16

Distance from a crack tip [mm)]

©o,

Fig. 3 Distributions of stress in the vicinity of an interface
crack tip obtained by the asymptotic solution with analyzed
stress intensity factors and obtained by the FEM with mesh 4
directly ( Sample 1, Case 1 ).
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10° - : 10°
symptotic
FEM Solution
6= 0 O —_
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Solution
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(©o, © o,
Fg. 4 Distributions of stress in the vicinity of an interface Fig. 5 Distributions of stress in the vicinity of an interface

crack tip obtained by the asymptotic solution with analyzed crack tip obtained by the asymptotic solution with analyzed
stress intensity factors and obtained by the FEM with mesh 4 stress intensity factors and obtained by the FEM with mesh 4
directly ( Sample 1, Case 2 ). directly ( Sample 2, Case 1 ).
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Fg. 6 Distributions of stress in the vicinity of an interface
crack tip obtained by the asymptotic solution with analyzed
stress intensity factors and obtained by the FEM with mesh 4
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obtained by the asymptotic solution with

analyzed stress intensity factors and obtained by the FEM
with mesh 4 directly ( Sample 1, Case 1).
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Fig. 8 COD obtained by the asymptotic solution with
analyzed stress intensity factors and obtained by the FEM
with mesh 4 directly ( Sample 1, Case 2).
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Fig. 9 COD obtained by the asymptotic solution with
analyzed stress intensity factors and obtained by the FEM

with mesh 4 directly ( Sample 2, Case 1).

directly (Sample 2, Case 2 ).
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Fig. 10 COD obtained by the asymptotic solution with
analyzed stress intensity factors and obtained by the FEM
with mesh 4 directly ( Sample 2, Case 2).
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