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Stress Intensity Factor for a Planar Interfacial Crack
in Three Dimensional Bimaterials
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** Department of Mechanical Engineering, Kyushu Institute of Technology,
1-1 Sensui-cho, Tobata-ku, Kitakyushu-shi, Fukuoka, 804-8550 Japan

In this paper, stress intensity factor for a three dimensional planar interfacial crack is considered
on the idea of the body force method. The formulation leads to a system of singular integral
equation, whose unknowns are three types of crack opening displacements. The unknown body force
densities are approximated by the products of the fundamental density functions and power series ;
here, the fundamental density functions are chosen to express singular stress fields due to a two-
dimensional interface crack exactly. The calculation shows that the present method gives rapidly
converging numerical solutions. It is found that the stress intensity factors Ki and Ki are determined
by bimaterials constant ¢ alone, independent of elastic modulus ratio and Poisson’s ratio.
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x/a

0/11

1/11

2/11 3/11 4/11 5/11 6/11 711 8/11 9/11 10/11
m=n=4 0.7531 0.7512 0.7457 0.7364 0.7233 0.7059 0.6828 0.6517 0.6073 0.5385 0.4177
m=n=6 0.7524 0.7507 0.7456 0.7367 0.7237 0.7060 0.6826 0.6519 0.6098 0.5465 0.4329
m=n=8 0.7528 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400
Table 2 Convergence of stress intensity factor Fu at y=>5 for €=0.02, 1/in=1.5628, 1=0.3, 1.=0.3, a/b=1
x/a 0/11 /11 2/11 3/11 4/11 5/11 6/11 7/11 8/11 9/11 10/11
m=n=4 0.0272 0.0271 0.0268 0.0264 0.0257 0.0248 0.0236 0.0221 0.0200 0.0171 0.0127
m=n=6 0.0273 0.0272 0.0270 0.0265 0.0259 0.0250 0.0238 0.0223 0.0203 0.0174 0.0131
m=n=8 0.0274 0.0273 0.0271 0.0266 0.0260 0.0251 0.0239 0.0224 0.0203 0.0176 0.0133
Table 3 Convergence of stress intensity factor Fur at y=»5 for €=0.02, 1/im=1.5628, 1=0.3, 1.=0.3, a/b=1
x/a 0/11 /11 2/11 3/11 4/11 5/11 6/11 711 8/11 9/11 10/11
m=n=4 0 0.0010 0.0021 0.0031 0.0042 0.0053 0.0065 0.0079 0.0094 0.0109 0.0120
m=n=6 0 0.0010 0.0020 0.0031 0.0041 0.0052 0.0064 0.0076 0.0091 0.0106 0.0120
m=n=8 0 0.0010 0.0020 0.0031 0.0041 0.0051 0.0063 0.0075 0.0089 0.0105 0.0120
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Table 4 Stress intensity factor Fy at y=b for a/b=1, e=0.02

Vi v, ,Ltz//l] 0/11 1/11 2/11 3/11 4/11 5/11 6/11 711 8/11 9/11 10/11
0 0 1.2870 | 0.7528 0.7511 0.7459 0.7370 0.7238 0.7059 0.6822 0.6513 0.6099 0.5490 0.4400
0 0.1 1.0439 | 0.7528 0.7511 0.7459 0.7369 0.7238 0.7059 0.6822 0.6513 0.6099 0.5490 0.4400
0 0.2 0.8009 | 0.7528 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6513 0.6099 0.5490 0.4400
0 0.3 0.5578 | 0.7528 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400
0 0.4 03148 | 0.7528 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400
0 0.5 0.0718 | 0.7527 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400
0.1 0.1 1.3288 0.7528 0.7511 0.7459 0.7369 0.7238 0.7059 0.6822 0.6514 0.6099 0.5490 0.4400
0.1 02 1.0194 | 0.7528 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400
0.1 03 0.7101 | 0.7528 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400
0.1 04 0.4007 | 0.7528 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400
0.1 9.5 0.0913 | 0.7527 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400
02 0.2 1.4019 | 0.7528 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400
02 03 0.9765 0.7528 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400
02 04 0.5510 0.7528 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400
02 0.5 0.1256 | 0.7527 0.7511 _0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 _0.5490 0.4400
03 03 1.5628 | 0.7528 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400
03 04 0.8819 | 0.7528 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400
03 0.5 0.2010 | 0.7527 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400
04 04 2.2076 0.7527 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400
04 0.5 0.5032 | 0.7527 0.7511 0.7459 0.7369 0.7238 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400
045 0.5 20257 | 0.7527 0.7511 0.7459 0.7369 0.7328 0.7058 0.6822 0.6514 0.6099 0.5490 0.4400

Table 5 Stress intensity factor Fu at y=»5 for a/b=1, e=0.02

vi v, | /| om 711 21 3 am 511 6/11 711 8/11 9/ 10/11
0 0 1.2870 | 0.0278 0.0277 0.0274 0.0269 0.0262 0.0253 0.0241 0.0224 0.0202 0.0171 0.0122
0 0.1 1.0439 | 0.0277 0.0277 0.0274 0.0269 0.0262 0.0253 0.0241 0.0224 0.0203 0.0172 0.0124
0 0.2 0.8009 | 0.0277 0.0276 0.0273 0.0268 0.0262 0.0252 0.0240 0.0224 0.0203 0.0173 0.0126
0 0.3 0.5578 | 0.0276 0.0275 0.0272 0.0268 0.0260 0.0252 0.0240 0.0224 0.0203 0.0174 0.0129
0 0.4 03148 [ 0.0274 0.0273 0.0271 0.0266 0.0260 0.0251 0.0239 0.0224 0.0204 0.0176 0.0134
0 0.5 0.0718 | 0.0271 0.0270 0.0268 0.0264 0.0258 0.0250 0.0238 0.0223 _ 0.0204 0.0178 0.0141
0.1 0.1 1.3288 0.0277 0.0276 0.0273 0.0268 0.0262 0.0252 0.0240 0.0224 0.0203 0.0173 0.0126
0.1 0.2 1.0194 | 0.0276 0.0275 0.0273 0.0268 0.0261 0.0252 0.0240 0.0224 0.0203 0.0173 0.0127
0.1 0.3 0.7101 0.0275 0.0274 0.0272 0.0267 0.0261 0.0252 0.0240 0.0224 0.0203 0.0174 0.0130
0.1 0.4 0.4007 | 0.0274 0.0273 0.0270 0.0266 0.0260 0.0251 0.0239 0.0224 0.0204 0.0176 0.0134
0.1 0.5 0.0913 0.0271 0.0270 0.0268 0.0264 0.0258 0.0250 0.0238 0.0223 _ 0.0204 _0.0178 0.0141
02 0.2 1.4019 | 0.0275 0.0274 0.0272 0.0267 0.0261 0.0252 0.0240 0.0224 -0.0203 0.0174 0.0129
02 03 0.9765 0.0275 0.0274 0.0271 0.0267 0.0260 0.0251 0.0240 0.0224 0.0204 0.0175 0.0131
02 04 0.5510 | 0.0273 0.0272 0.0270 0.0266 0.0260 0.0251 0.0239 0.0224 0.0204 0.0176 0.0135
02 0.5 0.1256 | 0.0271 _0.0270 0.0268 0.0264 0.0258 0.0250 0.0238 0.0223 0.0203 _0.0178 0.0141
0.3 0.3 1.5628 0.0274 0.0273 0.0271 0.0266 0.0260 0.0251 0.0239 0.0224 0.0204 0.0176 0.0134
0.3 0.4 0.8819 | 0.0273 0.0272 0.0270 0.0266 0.0259 0.0251 0.0239 0.0224 0.0204 0.0177 0.0136
03 0.5 0.2010 | 0.0271 0.0270 _0.0268 0.0264 0.0258 0.0250 0.0238 0.0223 _ 0.0204 0.0178 0.0141
04 04 22076 | 0.0272 0.0271 0.0269 0.0265 0.0259 0.0250 0.0239 0.0224 0.0204 0.0177 0.0138
04 0.5 0.5032_| 0.0271 0.0270 0.0268 0.0264 0.0258 0.0250 0.0238 0.0223 0.0204 0.0178 0.0141
045 05 2.0257 10,0271 00270 0.0268 00264 0.0258 0.0250 0.0238 0.0223 0.0204 0.0178 0.0141

Table 6 Stress intensity factor Fiunx10™% at y=5 for a/b=1, e=0.02

Vi vV, ,uz/,u, 0/11 11 2/11 3/11 4/11 5/11 6/11 711 8/11 9/11 10/11

03 03 1.5628 0 0.1010 0.2028 03061 0.4115 0.5199 0.6331 0.7545 0.8913 1.051 _ 1.204

00 05 00718 0 0.0869 0.1746 02637 0.3550 0.4500 0.5517 0.6662 _0.8011 0.9592 1.099

00 00 1.2870 0 0.1204 02415 03641 0.4884 0.6141 0.7400 0.8667 000 156 328
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IRMEOFI RS, 2T, BREZGRHESE D2
&, BHT2ICHPRNE D LI as, B, v BTN
ZHEFEICL o THREL:, TOR, SZER b REBE
REDRXY Y 2 ORETOIHPRNE LD LS IWTL
Jo. RI~3IWRT & 500, AMEFRE R BIF 2R
HeERT,

53 BUERMEROG  F4 %51, H(T)
DHEERDORE m=n=8 L LT, Kb KL Fy
OfE%RT, 2T, BiklL a/b=1,e=0.02 £ L T,
K7V o, ve EBIEL o/in #ZALS 2, O
alb b e lZOWTHRETUIFER, 4, 512REND
YR E WD, alb b e B—ET% S, w/m,
v, b CHRTEL W EBHS Mo, B, &
5T x/a=10/11 OFHEIWE Fu i /i, vi, vo DR
EMERH 2 LR Z B, Thid, R1~3TREN
3 &5 xla>1 TPCRMEDS R REL, RN E L E
WZEPNEFERTHY, EBCF e TKEFELEVW D L
ZEzohb, 22T, R(8)DRMETH % ay, B, 7
X e M—ETH /i, v, 2 HKFEL TELT B, L
L, ZOHERICL > THRE D [, Fu DEIZELS
WHRIEL W, LIeS> T, B, Fu B e DAIE - T
WET 22 2R (1) ~12) Eh s HFNIRT Z &
BEHELWES ThHB, R6IWWRT LI, E—FIIG
TIERGRE P k2 — 3 L 5, 2 0RAME
13 Fiimax < 107X Fimax, Fiiimax<0.5X Fumax O & PH 12
HY, EH/NE W, Fule DAL >THRE 50
&9 i, BREETIZIAET W,

6. #

i

ARFFE T, ZRICHHE & HEEOFFEFE S SRR
OERENE ", RABAmEHEH L L THEEL
Jo. WA ZEDLEUTOLEI TR,

(1) AL LT, BB RMBASE B
AREFERAR L ZTEROFE TS 2 HikEHWE, %
DR, HABEREKE LT, ZXTTAREHOBEE
SR U7z, AfRiTE L, & Rkimiats cE T
2 i) & 2L OHRBY LR % B (2 R U 72 AT A3 AT AE
TH Y, IESHERAEHEN SRR OEED & BRI E
ENDEVIEMAE DL > TWD, KIEIC L B HNFER
VR PR 2 R d (3R 1~3).

(2) Hig, ZRTHHE S RHOIETIERRE K, Ku
BIBRENART VT NVER e DAL > THRE S
ZEHS, BHEETIC X > TS E 572 (3R 4, 5).

(3) RAEAESHOIFRY TIE, Kn OBKE
Wa—FEHEL AL S, 20— Ric/hE <,
Fiimax <1072 X Fimax, Flimax <0.5 X Fiimax O i FH 12 &
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