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Stress Intensity Factors of an Interface Crack Under
Polynomial Distribution of Stress
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In this paper, stress intensity factors for a two-dimensional interfacial crack under polynomial
distribution of stress are considered on the idea of the body force method. In this analysis, unknown
body force densities are approximated by the products of the fundamental densities and power series ;
here the fundamental densities are chosen to express singular stress fields due to an interface crack
exactly. The stress intensity factors of a 2D interfacial crack under polynomial distribution of stress
are expressed as formulars for the reader’s convenience with varying the polynomial exponent #.
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Fig.1 Two-dimensional interface crack under polynomial
distribution of stress
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Table 1 Convergence of the results for 2D interface crack under polynomial distribution of stress

P.=py(x/a)" (=002 K, +iK, ={F+iFy} p,Vra(l+2ie)

M n=0 n=1 n=2 n=3 n=4 n=b n=6
1 1. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 00000 ~ 0.00000
2 1. 0000 0. 5000 0. 2500 0. 1250 0. 0625 0.03125  0.01563
3 1. 0000 0. 5000 0. 4997 0.2222 0. 2221 0.09877  0.09872
4 1. 0000 0. 5000 0. 4997 0.3748 0.2772 0. 21668 0. 15567
Fi 5 1. 0000 0. 5000 0. 4997 0.3748 0. 3747 0. 24865 0. 24855
6 1. 0000 0. 5000 0. 4997 0. 3748 0.3747 0. 31222 0. 26921
7 1. 0000 0. 5000 0. 4997 0.3748 0.3747 0.31222  0.31212
oo 1. 0000 0. 5000 0. 4997 0.3748 0.3747 0.31222  0.31212
1 0. 0000 0. 0000 0. 0000 0. 00000 0. 0000 0. 00000 ~ 0.00000
2 0. 0000 0. 0200 0. 0000 0. 00500 0. 0000 0.00125 0. 00000
3 0. 0000 0. 0200 0.1333 0. 00890 0. 0059 0.00395  0.00263
4 0.0000 - 0.0200 0. 1333 0.01833 0. 0083 0. 01075 0.00474
Fy 5 0. 0000 0. 0200 0.1333 0.01833 0.0147 0.01262  0.01037
6 0. 0000 0. 0200 0.1333 0.01833 0. 0147 0.01716  0.01159
7 0. 0000 0. 0200 0.1333 0. 01833 0. 0147 0.01716  0.01471
) 0. 0000 0.0200 . 0.1333 0.01833 0. 0147 0.01716  0.01471
Table 2 Convergence of the results for 2D interface crack under polynomial distribution of stress
p.=p(xa)" (=002 K+iK;={F +1'Fu}p0\/7r_a(1+2i£)
M n=0 n=1 n=2 - n=3
F, Fp F, Fq F, Fy F, Fy
1 0. 0000 1. 0000 0. 0200 0. 0000 | 0.0000 0. 0000 0. 0000 0. 0000
2 0. 0000 1. 0000 0. 0200 0.5000 | 0.0000 0. 2500 0. 0050 0. 1250
3 0. 0000  1,0000 0.0200  0.5000 | 0.1333  0.4997 0.0089  0.2222
4 0. 0000 1. 0000 0. 0200 0.5000 | 0.1333 0. 4997 0. 0183 0.3748
5 0. 0000 1. 0000 0. 0200 0. 5000 } 0.1333 0. 4997 0.0183 0.3748
©o 0. 0000 1. 0000 0. 0200 0.5000 | 0.1333 0. 4997 0.01833  0.3748
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Table 3 Coefficient of power series

=002 g =0.06 £=0.10
n=0 | a,=1 a1=1 ar=1
n=1 a:=0, 5 a:=0.5 a:=0.5

a:=0. 1600, a:=0. 3333
az=0. 1200, a4=0. 25

n=2 [ a,=0. 1664, a»=0. 3333
n=3 | a.=0. 1248, a.=0. 25

a1=0. 1643, a;=0. 3333
a2=0, 1232, a4=0. 25

@ n=4 | a1=0, 07481, a3=0. 09984, as=0. 2 a1=0. 07332, a»=0, 09856, as=0, 2000 a1=0. 07035, as=0. 09600, as=0. 2000
n=b | a:=0. 06234, a«=0. 08320, as=0, 1667 a:~0. 06110, a+=0. 08213, as=0. 1667 a2=0. 05862, a.=0. 08000, as=0. 1667
| a1=0. 04450, 2:=0. 05344, a:=0. 04339, a;-0. 05237, a:=0. 04118, a:=0. 05025,
. as=0. 07131, a.=0. 1429 as=0. 07040, a.=0. 1429 as=0. 06857, ar=0. 1429
n=0 | be=0 be=0 be=0
n=1 | b.1=0. 02 b1=0. 06 b1=0.1
n=2 | b2=0. 01334 b2=0. 04 b2=0. 06667
bn n=3 | b.=0. 008332, bs=0. 01 b1=0. 02493, b»=0. 03 b1=0. 04133, b,=0. 05

b2=0. 03307, b4=0. 04
b1=0. 02439, bs=0. 02756, bs=0, 03333
b2=0. 02091, bs=0. 02362, bs=0. 02857

n=4 | b:=0. 006666, ba=0. 008001
n=5 | b1=0. 004943, b2=0. 005555, bs=0. 006668
n=6 | b2=0. 004237, ba=0. 004761, bs=0. 005715

b2=0. 01994, b.=0. 024
b1=0. 01476, b»=0. 01662, bs=0. 02
b2=0. 01265, bs=0. 01425, bs=0. 01714

Table 4 General expression for coefficient of power series

an b"

n=0 a:=1 bo=0

n=1 a:=0.5 bi=g

n=2 a1=-0, 6667 £2+0. 16667 , a:=0. 333333 b2=0. 666667 &

n=3 a:=-0.5g2+0.125 , a.=0.25 b:=0.416667 ¢, bs=0.5¢

-4 a:1=-0. 46611£*+0. 075 bs=0. 333333 ¢
as=-0.4g2+0.1, as=0.2 b4=0.4¢
a;=-0, 38852 +0. 0625 b1=0.247135¢

n=5 as=-0, 333452 +0. 0833333 b1=0. 27774 ¢
as=0. 166667 bs=0.333333 ¢
a1=0. 35 % +0. 0446428 b2=0, 21183 ¢

. a:=—0, 332 g2 +0, 0535714 b4=0. 238065 ¢
as=-0. 287822 +0.071429 bs=0. 28575 ¢
a7=0, 142857

Table 5 General expression of F F, under polynomial distribution of stress K, +iK; = {F; +iFf} povlza(1+2is)

(a) tension (b) shear
Fy Fg F, (6=0) F, Fy Fy (e=0)

n=0 1 0 1 n=0 0 1 1
n=1 0.5 £ 1/2=0. 5 n=1 g 0.5 1/2=0. 5
n=2| 0.5-0.6667¢°* 2/3) € 1/2=0.5 n=2| (2/3)¢& 0.5-0. 6667 g ° 1/2=0.5

=3 0.375-0.5¢ 2 0.916& 3/8=0. 375 n=3 ( 0.916¢& 0.375-0.5¢ 2 3/8=0. 375
n=4 | 0.375-0.8661¢2  0.733€  3/8-0.375 n=4| 0.733€  0,375-0.8661g>  3/8=0.375
n=5 | 0.3125-0. 7214 & 0.857¢ 5/16=0. 3125 n=5| 0.857¢ 0.3125-0. 7214 > 5/16=0. 3125
n=6 | 0.3125-0. 9698 ¢ 2 0.735¢& 5/16=0., 3125 n=6| 0.735¢& 0.3125-0.9698¢ > 5/16=0. 3125
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Table 6 Coefficient ¢, of power scries
n=0 ci=1
n=1 c2=0.5
n=2 c 1=0. 1667, c 5=0. 3333
n=3 c 2=0.125, c +=0. 25
n=4 c1=0.075, ¢ s=0.1, ¢ s=0.2
n=5 c 2=0. 0625, c +=0. 08333, c s=0. 1667

¢ 1=0. 0446428, c 5=0. 0535714,
c s=0. 0714285, ¢ =0, 142857

n=6

Table 7 General expression of Fyunder polynomial
distribution of stress Ky = Fmpox/z

Fr
n=0 1
n=1 1/2=0.5
n=2 1/2=0.5
n=3 3/8=0. 375
n=4 3/8=0. 375
n=5 5/16=0. 3125
n=6 5/16=0. 3125
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