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Variations of Stress Intensity Factors
of a Planar Interfacial Crack Subjected to Mixed Mode Loading
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In this paper, a mixed mode interfacial crack in three dimensional bimaterials is analyzed by
singular integral equations on the basis of the body force method. In the numerical analysis,
unknown body force densities are approximated by the products of the fundamental density functions
and power series, where the fundamental density functions are chosen to express a two-dimensional
interface crack exactly. The results show that the present method yields smooth variations of mixed
mode stress intensity factors of a rectangular interface crack along the crack front accurately. The
effect of crack shape on the stress intensity factor for 3D interface cracks is also discussed on the
basis of present solution. Then, it is found that the stress intensity factors Ku and K are always
insensitive to the shear modulus ratio, and almost determined by Poisson’s ratio alone. Distributions
of stress intensity factors are indicated in tables and figures with varying the rectangular shape and

Poisson’s ratio.
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Table 1 Convergence of dimensionless stress intensity factor at y=»5 for t/m=2,

alb=1, n=1,=0.3

mn | x/a=0_  ynl 211 31 411 SA1 611 711 811 911 1011
m=n=6 | 0.8419  0.8398 0.8336 0.8235 0.8098 0.7924 0.7702 0.7408 0.6981 0.6284 0.4966
Fy | m=n=7| 0.8419 0.8402 0.8349 0.8257 0.8120 0.7932 0.7688 0.7374 0.6956 0.6327 0.5131
m=n=8 [ 0.8428  0.8411 0.8359 0.8268 0.8132 0.7945 0.7695 0.7369 0.6936 0.6307 0.5154
m=n=6 | 0.0472  0.0471 0.0467 0.0460 0.0449 0.0433 0.0410 0.0380 0.0338 0.0283 0.0202
F, | m=n=7| 00474  0.0472 0.0468 0.0461 0.0451 0.0436 0.0416 0.0388 0.0349 0.0295 0.0214
m=n=8 | 0.0475  0.0473 0.0469 0.0461 0.0451 0.0437 0.0417 0.0391 0.0357 0.0312 0.0245
mn | ¥/b>0 111 211 31 4m 511 611 711 §/11 911 1011
m=n=6 | 0.6516  0.6500 0.6454 0.6376 0.6264 0.6111 0.5906 0.5624 0.5222 0.4607 0.3547
Fy | m=n=7] 06505 06490 06443 0.6364 0.6250 0.6098 0.5900 0.5638 0.5274 0.4717 0.3714
m=n=8 | 0.6507  0.6490 0.6442 0.6360 0.6243 0.6088 0.5886 0.5626 0.5273 0.4743 0.3780
Table 2 Dimensionless stress intensity factor Fu and Fi for a/b=38 at (0, b)
H 2 5 10 100
Vi,V F, F, (2¢) Fy F, (2¢) F, F, (2¢) F; F, (2¢)
v,=0,v,=0 0.9930 0.1042(0.1072) | 0.9834 0.2009(0.2206) | 0.9742 0.2410(0.3298) | 0.9373 0.2743(0.3476)
¥, =00,v,=05 | 09768 0.2366(0.2698) | 0.9671 0.2640(0.3122) | 0.9626 0.2745(0.2766) | 0.9576 0.2847(0.3414)
v, =0.3,v,=0.3 |0.9975 0.0602(0.0608) | 0.9952 0.1189(0.1228) | 0.9933 0.1448(0.1516) | 0.9905 0.1716(0.1832)

Table 3 Dimensionless stress intensity factor for a/b=1, €¢=0.02 at y=5

ViV, (1 /1) xfa=0 _yn_ 211 311 411 541611 711 811 9/11  10/11

v =03v,=03 0.8419  0.840 0.835 0.825 0.812 0.793 0.768 0.736 0.692 0.630 0.514

F, | v =0,v,=0(1.2870) 0.7544  0.752 0.747 0.738 0.725 0.704 0.683 0.652 0.611 0.550 0.441
v, =0,v, =0.5(0.0718)| 0.8982 0.896  0.891 0.883 0.870 0.851 0.827 0.795 0.754 0.695 0.582

v =03,v,=03 0.0313  0.031 0.030 0.030 0.029 0.028 0.027 0.025 0.023 0.020 0.016

F, | v=0,v,=0(1.2870) 0.0278 ~ 0.027 0.027 0.027 0.026 0.025 0.024 0.022 0.020 0.017 0.012
v, =0,v, =0.5(0.0718)| 0.0337 0.033  0.033  0.032 0.032 0.031 0.029 0.028 0.026 0.024 0.023

v, Vv, (1 /1) y/b—> 0 y11 211 311 411 S 611 711 811 911 10/11

v =03,v,=03(1.5628 06529  0.651 0.646 0.638 0.626 0.610 0.590 0.564 0.529 0.475 0.379

Fy, | v=0,v,=0(1.2870) 0.7518  0.750 0.744 0.735 0.722 0.705 0.681 0.650 0.609 0.549 0.441
v =0,v,=0.5(0.0718)[ 0.5741  0.572 0.568 0.560 0.550 0.537 0.520 0.498 0.469 0.424 0.339

(a) (b)

o:f:

(zya/rs) +1

(c)

TalT3%

Fig.2 Compliance of boundary condition when /=2, a/b=1, »=1.=0.3, n=8
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Table 4 Dimensionless stress intensity factor at y=0 for a/b=1, »=1,=0.3

Wi xfa=0 vy 2 yu 4 s 61l 711 811 911 1011

2 0.8428 0.8411 0.8359 0.8268 0.8132 0.7945 0.7695 0.7369 0.6939 0.6307 0.5154
E, 5 0.8474 0.8457 0.8405 0.8214 0.8178 0.7990 0.7739 0.7411 0.6976 0.6345 0.5185
10 0.8502 0.8486 0.8433 0.8342 0.8206 0.8018 0.7766 0.7438 0.7003 0.6371 0.5207
100 0.8536 0.8519 0.8467 0.8376 0.8240 0.8051 0.7800 0.7472 0.7037 0.6404 0.5236
2 0.0475 0.0473  0.0469 0.0461 0.0451 0.0437 0.0417 0.0391 0.0357 0.0312 0.0245
F, 5 0.0947 0.0944 0.0936 0.0921 0.0901 0.0873 0.0835 0.0785 0.0718 0.0631 0.0500
10 0.1161 0.1157 0.1147 0.1129 0.1105 0.1071 0.1026 0.0965 0.0885 0.0781 0.0623

100 0.1388 0.1384 0.1372  0.1351 0.1323 0.1284 0.1231 0.1160 0.1067 0.0945 0.0760
y/b—>0 111 2/11 3/11 4/11 5/11 6/11 7/11 8/11 9/11 10/11

2 0.6507 0.6490 0.6442 0.6360 0.6243 0.6088 0.5886 0.5626 0.5273 0.4743 0.3780
Fy, S 0.6388 0.6372 0.6324 0.6243 0.6129 0.5977 0.5781 0.5527 0.5181 0.4656 0.3696
10 0.6307 0.6291 0.6243 0.6163 0.6050 0.5901 0.5708 0.5459 0.5118 0.4597 0.3638

100 0.6200 0.6184 0.6137 0.6058 0.5947 0.5801 0.5613 0.5370 0.5035 0.4519 0.3563

Table 5 Dimensionless stress intensity factor at y=0 for a/b=2, »i=v.=0.3

M/l xfa=0  yn 21 311 411 511 611 W11 811 911 1011

2 0.9557 0.9546  0.9511 0.9448 0.9351 0.9209 0.9004 0.8714 0.8287 0.7600 0.6234

F, 5 0.9569 0.9558 0.9525 0.9463 0.9368 0.9228 0.9027 0.8739 0.8315 0.7630 0.6265
10 0.9574 0.9563 0.9530 0.9470 0.9377 0.9238 0.9039 0.8753 0.8331 0.7648 0.6285

100 0.9576 0.9566 0.9533  0.9474 0.9383 0.9247 0.9051 0.8768 0.8350 0.7670 0.6310

2 0.0570 0.0569 0.0566 0.0560 0.0552 0.0541 0.0524 0.0499 0.0464 0.0409 0.0314

F 5 0.1130 0.1128 0.1122 0.1113 0.1097 0.1075 0.1043 0.0996 0.0928 0.0822 0.0635
10 0.1379 0.1376 0.1370 0.1359 0.1341 0.1314 0.1276 0.1221 0.1140 0.1012 0.0786

100 0.1640 0.1638 0.1630 0.1617 0.1597 0.1567 0.1523 0.1460 0.1367 0.1219 0.0951
y/b—>0 111 2/11 3/11 4/11 S/11 6/11 7/11 8/11 9/11 10/11

2 0.4707 0.4697 0.4668 0.4617 0.4542 0.4435 0.4286 0.4072 0.3759 0.3278 0.2473
Ey, 5 0.4604 0.4595 0.4567 0.4518 0.4446 0.4344 0.4199 03990 0.3682 0.3207 0.2412
10 0.4535 0.4526 0.4499 0.4452 0.4382 0.4282 0.4140 0.3935 03631 0.3160 0.2370

100 0.4444 0.4436  0.4410 0.4365 0.4297 0.4201 0.4063 0.3863 0.3564 0.3099 0.2316

Table 6 Dimensionless stress intensity factor at y==6 for a/b=4, »i=1,=0.3

MK x/a=0 /11 2/11 3/ 4/11 5/11 6/11 711 8/11 9/11 10/11

2 0.9857 0.9855 0.9848 0.9834 0.9810 0.9766 0.9689 0.9556 09308 0.8788 0.7455

E, 5 0.9879 0.9877 0.9869 0.9854 0.9827 0.9780 0.9700 0.9560 0.9306 0.8008 0.7440
10 0.9893 0.9890 0.9882 0.9866 0.9837 0.9788 0.9705 0.9561 0.9301 0.9768 0.7426

100 0.9908 0.9905  0.9896 0.9878 0.9848 0.9795 0.9707 0.9557 0.9289 0.8748 0.7403

2 0.0598 0.0597 0.0596 0.0595 0.0593 0.0589 0.0582 0.0569 0.0545 0.0503 0.0414

F 5 0.1182 0.1182 0.1180 0.1178 0.1174 0.1168 0.1155 0.1131 0.1088 0.1007 0.0832
10 0.1440 0.1439 0.1437 0.1435 0.1431 0.1424 0.1410 0.1383 0.1332 0.1236 0.1026

100 0.1708 0.1707 0.1706 0.1703 0.1700 0.1693 0.1678 0.1649 0.1593 0.1483 0.1237
y/b—>0 111 2/11 3/11 4/11 5/11 6/11 7/11 8/11 9/11 10/11

2 0.3402 0.3391 0.3360 0.3305 0.3224 0.3111 0.2959 0.2756 0.2485 0.2110 0.1550
F,I, 5 0.3328 0.3318 0.3287 0.3233 0.3152 0.3040 0.2890 0.2690 0.2423 0.2056 0.1506
10 0.3279 0.3269 0.3238 0.3184 0.3104 0.2993 0.2844 0.2646 0.2381 0.2018 0.1476

100 0.3215 0.3205 0.3174 0.3121 0.3042 0.2932 0.2784 0.2588 0.2327 0.1970 0.1436
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Table 7 Dimensionless stress intensity factor at y=25 for alb=8, y=1=0.3
M/ xfa=0 111 211 311 411 SAL 611 111 811 911 1011
2 0.9975 0.9975 0.9973 0.9970 0.9965 0.9954 0.9933 0.9895 0.9809 0.9533 0.8453
Fll 5 0.9952 0.9951 0.9950 0.9947 0.9943 0.9933 0.9915 0.9880 0.9800 0.9535 0.8470
10 0.9933 0.9933 0.9931 0.9929 0.9925 0.9916 0.9899 0.9867 0.9790 0.9533 0.8479
100 0.9905 0.9904 0.9903 0.9901 0.9897 0.9890 0.9874 0.9845 0.9774 0.9527 0.8487
2 0.0602 0.0602 0.0602 0.0602 0.0602 0.0601 0.0599 0.0597 0.0591 0.0569 0.0492
F} 5 0.1190 0.1190 0.1190 0.1190 0.1190 0.1189 0.1187 0.1184 0.1175 0.1136 0.0988
10 0.1448 0.1448 0.1448 0.1448 0.1448 0.1448 0.1448 0.1445 0.1436 0.1392 0.1217
100 0.1716 0.1716 0.1717 0.1719 0.1719 0.1720 0.1720 0.1720 0.1712 0.1666 0.1465
y/b—>0 1/11 2/11 3/11 4/11 5/11 6/11 711 8/11 9/11 10/11
2 0.2248 0.2239 0.2212 0.2165 0.2099 0.2009 0.1893 0.1745 0.1556 0.1307 0.0949
F”, 5 0.2185 0.2177 0.2150 0.2105 0.2039 0.1952 0.1839 0.1695 0.1511 0.1269 0.0921
10 0.2143 0.2135 0.2108 0.2064 0.1999 0.1913 0.1802 0.1661 0.1481 0.1243 0.0901
100 0.2090 0.2081 0.2055 0.2011 0.1948 0.1864 0.1755 0.1617 0.1441 0.1210 0.0876
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Table 8 Dimensionless stress intensity factor at (0, b)
for a/b=1, p/m=2

w v | & | F, Fy, F
0 0 0.0536 | 0.7603 0.7421 0.0740
0 0.1 | 0.0668 | 0.7725 0.7268 0.0930
0 0.2 | 0.0813 | 0.7855 0.7088 0.1138
0 03 ]0.0972 | 0.7992 0.6876 0.1365
0

0

0.4 |0.1149 [ 0.8134 0.6625 0.1614

0.5 |0.1349 | 0.8276 0.6325 0.1887
0.1 0.1 |0.0475|0.7858 0.7160 0.0682
0.1 02 |0.0620|0.7983 0.6992 0.0896
0.1 03 |0.0779|0.8117 06792 0.1133
0.1 0.4 |0.0956|0.8258 0.6555 0.1392
0.1 0.5 |0.1155]0.8401 0.6268 01679
02 02 |0.0400 | 0.8132 0.6858 0.0598
02 03 |0.0559|0.8260 0.6675 0.0843
02 0.4 |0.0736 08397 0.6454 0.1114
02 05 |0.0935]0.8540 0.6185 0.1416
03 03 |0.0304|0.8428 0.6507 0.0475
03 0.4 |0.0481 | 0.8557 0.6308 0.0757
03 0.5 |0.0680 | 0.8696 0.6062 0.1075
04 0.4 |00177]0.8749 0.6087 0.0389
04 05 |0.0376 | 0.8878 0.5873 0.0621
04999 0499 | —0 |0.9098 0.5570 7x10°
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