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Boundary Element Analysis of Thermal Stress Intensity Factor
for Interface Crack under Vertical Uniform Heat Flow
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Abstract

The thermal stress intensity factors for interface cracks of Griffith and symmetric lip cusp
types under vertical uniform heat flow in a finite body are calculated by boundary element
method. The boundary conditions on the crack surfaces are insulated or fixed to constant
temperature. The relationship between the stress intensity factors and the displacements on the
nodal point of a crack tip element is derived. The numerical values of the thermal stress intensity
factors for interface Griffith crack in an infinite body and for symmetric lip cusp crack in a finite
and homogeneous body are compared with the previous solutions. The thermal stress intensity
factors for symmetric lip cusp interface crack in a finite body are calculated with respect to
various effective crack lengths, configuration parameters, material property ratios and the
thermal boundary conditions on the crack surfaces. Under the same outer boundary conditions,
there are no appreciable differences in the distribution of thermal stress intensity factors with
respect to each material prbperties. But the effect of crack surface thermal boundary conditions
on the thermal stress intensity factors is considerable.
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Table 1 Comparison between exact'® and pres-
ent solutions for insulated interface Grif-
fith crack(y=+1) in an infinite bimater-
ial body with respect to thermal expan-
sion coefficient ratio a

Q
K*
1 2 3 4 5
exact!™ | 0.833 | 1.249 | 1.666 | 2.082 | 2.498
present | 0.859 | 1.299 | 1.733 | 2.165 | 2.599
err.(%) 3.1 4.0 4. 4.0 4.1

Table 2 Comparison between exact® and pres-
ent solutions for insulated interface Grif-
fith crack (y=+1) in an infinite bimater-
ial body with respect to shear modulus

ratio 14
Ho
K*
1 2 3 4 5
exact™ | 0.833 [ 1.120 { 1.273 | 1.369 | 1.421
present | 0.859 | 1.160 | 1.294 | 1.343 | 1.402
err.(%) 3.1 3.6 1.7 1.9 14
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Table 4 Comparison between Ref.[18] and present solutions for symmetric lip cusp crack (m=0.1) in

homogeneous finite body.

1
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Table 3 Comparison between exact”® and pres-
ent solutions for insulated interface Grif-

fith crack (y=+1) in an infinite Poisson’

s ratio v
W
Kt
1.0 1.04 1.08 1.12 1.16
exact™ | 0.833 | 0.844 | 0.855 | 0.867 | 0.880
present | 0.859 | 0.864 | 0.882 | 0.898 | 0.915
err.(%) 31 24 3.2 36 4.0

: K*
R,/W y=+1 y=-1
Ref[18] present err.(%) Ref.[18] present err.(%)
0.1 0.704 0.691 1.8 0.077 0.076 1.0
0.2 2.096 2.084 0.6 0.205 0.210 3.0
0.3 3.888 3.972 2.2 0.358 0.354 1.2
04 5.936 5.883 0.9 0.525 0.504 4.0
0.5 7.880 7.861 0.2 0.648 0.658 15

Table 5 Thermal stress intersity factor for insulated symmetric lip cusp interface cracks (y=+1)in a
finite bimaterial body with respect to effective crack length R,/ W and thermal expansion

coefficient ratio a

K*
Ry/W m o)
1 2 3 5
0 0.859 1.299 1.733 2.165 2.599
o1 0.1 0.691 1.038 1.448 1.731 2171
0 2.575 3.862 5.150 6.437 7.725
02 0.1 2.084 3.125 4.293 5.208 6.438
0 4.633 6.950 9.266 11.583 13.899
03 0.1 3.972 5.955 7.834 9.923 11.750
0 6.918 10.377 13.837 17.296 20.755
04 0.1 5.883 8.823 11.653 14.703 17.477
05 6 9.348 14.022 18.6969 23.370 28.044
0.1 7.861 11.790 15.672 19.648 23.508
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Fig. 5 Variation of thermal stress intensity factor for
insulated symmetric lip cusp interface cracks
(y=+1) in a finite bimaterial body with
respect to effective crack length R,/W and
thermal expansion coefficient ratio ap
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Fig. 6 Variation of thermal stress intensity factor for
symmetric lip cusp interface cracks(m=0.1
and y=—1) in a finite bimaterial body with
respect to effective crack length Ro,/W and
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Table 6 Thermal stress interisity factor for sym- '
metric lip cusp interface cracks(m=0.1
and y=—1) in a finite bimaterial body
with respect to effective crach length
R,/ W and thermal expansion coefficient
ratio a

K‘:
Ro/ 14 @
1 2 3 4 5
0.1 0.076 | 0.114 0‘15_3 0.190 | 0.229
0.2 0.210 | 0.316 | 0.421 | 0.526 | 0.631
0.3 0.354 | 0.530 | 0.706 | 0.882 | 1.058
0.4 0504 | 0.756 | 1.007 | 1.259 | 1.510
05 0658 [ 098 | 1315 | 1643 | 1971
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Fig. 7 Variation of thermal stress intensity factor for
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insulated symmetric lip cusp interface
cracks(y=+1) in a finite himaterial body with
respect to effective crack length R,/W and
shear modulus ratio g
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Table 7 Thermal stress intensity factor for insulated symmetric lip cusp interface cracks(y=+1) in a
finite bimaterial body with respect to effective crack length Ro/W and shear modulus ratio u

K

Ro/W m Ho
1 2 3 4 5

0 0.859 1.160 1.294 1.343 1.402

oL 0.1 0.691 0.938 1.104 1.077 1.223

0 2.575 3.454 3.899 4.149 4318

02 0.1 2.084 2.809 3.280 3.419 3.670

0 4633 6.234 7.080 7.598 7.936

03 0.1 3.972 5.366 6.131 6.621 6.960

0 6.918 9.330 10.650 11.458 12.037

o4 0.1 5.883 7.967 9.023 9.919 10.262

0 9.348 12.620 14473 15553 16.453

05 0.1 7.861 10.666 12.204 13.354 14.124

St BolF:m glew, o FHZEL Table 59 Ao i o EAA Yeipe HFdH I3
2oy, ALHANASE & FhA A dsted 2 & Azfelrh, =3 AFHAVAFE FAAFY
AR og Fostan YAl st ¥ Fobo] wEt 234 Fasle AgE mojeH, o
g3l 7 o] Falo] vehlm gldl, ol & v TEAs Hd Leed o d-ref AdAFE
7ol et,
8 Fig. 6 A& diAd€d A2ZFAd (m=0.1)9
— Fade] 44T 22 FAHZ(r=-1) w=1,
7+ — ‘ .
6 |u| @ |3
o |4 Table 8 Thermal stress intensity factor for sym-
5L metric lip cusp interface cracks(m=0.1

and y=—1) in a finite bimaterial body
with respect to effective crack length
Ro/ W and shear modulus ratio

K*
\\\\\

K‘
Ro/ W Ho
3
0 —L 0.1 0.076 | 0.544 [ 0904 | 1.271 | 1.647
0.0 0.1 0.2 0.3 0.4 0.5
Ro/W 0.2 0.210 | 0.986 | 1545 | 2123 | 2.712
Fig. 8 Variation of thermal stress intensity factor for 0.3 0354 | 1.329 | 2216 | 3119 | 4.034
symmetric lip cusp interface cracks(m=0.1 ’ ’ : : ’ ’
and y=-1) in a finite bimaterial body with 0.4 0.504 | 1.726 | 2.889 | 4.072 | 5.266

respect to effefctive crack length Ry/W and
shear modulus ratio u

0.5 0.658 | 2.119 | 3.561 | 5.023 | 6.494
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Table 9 Thermal stress intensity factorl for insulated symmetric lip cusp interface cracks(y=+1) in a
finite bimaterial body with respect to effective crack length R,/ W and the ratio of Poisson’s

ratio vy

K*

Ro/W m Vo
1.0 1.04 1.08 1.12 1.16
o1 0 ©0.859 0.864 0.882 0.898 0.915
0.1 0.691 0.703 0.717 0.732 0.748
0 2.575 2.617 2.660 2.706 2.754
02 0.1 2.084 2.120 2.158 2.198 2.240
0 4,633 4.706 4,782 4.862 4.944
03 0.1 3972 4.037 4.160 4177 4.253
0 6.918 7.024 7.135 7.249 7.368
04 0.1 5.883 5.978 6.076 6.178 6.285
0 9.348 9.488 9634 9.784 9.940
05 0.1 7.861 7.986 8.115 8.249 8.388
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Fig. 10 Variation of thermal stress intensity factor for
symmetric lip cusp interface cracks(m=90.1
and y=-1) in a finite bimaterial body with
respect to effective crack length Ry/W and the

ratio of Poisson’s ratio 14

Table 10 Thermal stress intensity factor for sym-
metric lip cusp interface cracks(m=0.1
and y=—1) in a finite bimaterial body
with respect to effective crack length
Ro/ W and the ratio of Poisson’s ratio v,

K
Ro/ W Ho
1.0 1.04 1.08 1.12 1.16
0.1 0.076 [ 0.077 | 0.904 | 1.271 | 1.647
0.2 | 0.210 | 0.986 | 1.545 | 2.123 | 2.712
0.3 0.354 | 1.329 | 2216 | 3.119 | 4.034
0.4 0.504 | 1.726 | 2.889 | 4.072 | 5.266
0.5 0.658 | 2.119 | 3.561 | 5.023 | 6.494
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