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Determination of Energy Release Rate of
Penny-shaped Interface Crack on Bimaterial Cylinder
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Abstract

The mixed mode problem (I and II) of a peny-shaped interface cracks in remote tension loading on a bi-material
cylinder is studied using finite element method. The energy release rates for the tip of the crack in the interface
were calibrated for several different moduli combinations and crack ratios using the modified crack closure integral
technique and J-integral method, with numerical results obtained from a commercial finite element program. Numerical
results show that non-dimensional value of ¥ GyE*/pV 7a increases as the crack size or moduli ratio increases.
Meanwhile, non-dimensional value of ¥ G;E* /pV 7a decreases as the moduli ratio increases, but above the moduli
ratio of 3 its value decreases then increases again as the crack size increases. Reliability of the numerical analysis
in this study was acquired with comparison to an analytical solution for the peny-shaped interface crack in an
infinite medium.
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Table 1 Normalized stress intensity factors in an
infinite bi-material medium in terms of
elastic moduli ratios

B K Ky
E, O'N\/ZZ de
1 0.6366 0.0000
2 0.6362 0.0462
3 0.6357 0.0696
5 0.6349 0.0933
10 0.6341 0.1152
20 0.6335 0.1279
50 0.6330 0.1363

o, TR BYT A% =0, (2 =1, I'(1/2)=V =
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Fig. 4 Variation of normallzed K in terms of Young s
modulus ratio in an infinite bi-material medium
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Table 2 Mode | normalized energy release rate, \/EE— in a bi-material cylinder in terms of elastic
moduli ratios and crack ratios oxV xa
alR VG.E
oV 7a
E\/ E, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
1 0.6463 0.6488 0.6600 0.6814 0.7148 0.7651 0.8449 0.9908
2 0.6332 0.6338 0.6434 0.6628 0.6938 0.7411 0.8165 0.9556
3 0.6162 0.6146 0.6221 0.6390 0.6670 0.7103 0.7803 0.9107
5 0.5912 0.5866 0.5912 0.6046 0.6284 0.6661 0.7284 0.8464
10 0.5601 0.5522 0.5534 0.5629 0.5817 0.6129 0.6662 0.7695
20 0.5380 0.5279 0.5270 0.5339 0.5494 0.5763 0.6234 0.7167
L 50 0.5217 0.5102 0.5078 0.5129 0.5260 0.5498 0.5926 0.6788
Table 3 Mode Il normalized energy release rate, @ in a bi-material cylinder in terms of elastic
moduli ratios and crack ratios oxV'na
alR VGCuE
o ma
Ei/ B, 01 | o2 0.3 0.4 0.5 0.6 0.7 0.8
1 o | o 0 0 0 0 0 0
2 0.0637 0.0804 0.0927 0.1047 0.1181 0.1344 0.1557 0.1877
3 0.0941 0.1187 0.1369 0.1546 0.1744 0.1982 0.2293 0.2763
5 0.1225 0.1545 0.1781 0.2010 0.2266 0.2574 0.2975 0.3578
10 ’70.1456 0.1835 0.2115 0.2387 0.2689 0.3050 0.3520 0.4224
20 r 0.1570 0.1979 0.2281 0.2574 0.2898 0.3285 0.3786 0.4535
i 50 0.1634 | 02060 | 02376 | 0.2681 0.3017 | 0.3418 | 0.3935 | 0.4707
Table 4 Normalized energy release rate, VGE in a bi-material cylinder in terms of elastic moduli ratios
and crack ratios ow 7a
a/R JGE
o Ta
E\| E; 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
1 r 0.6463 0.6488 0.6600 0.6814 0.7148 0.7651 0.8449 0.9908
[ 2 0.6364 0.6389 0.6501 0.6710 0.7038 0.7531 0.8312 0.9739
3 0.6233 0.6260 0.6370 0.6575 0.6894 0.7375 0.8133 0.9518
5 0.6037 0.6066 0.6174 0.6372 0.6680 0.7141 0.7868 0.9190
10 0.5787 0.5819 0.5925 0.6114 0.6408 0.6846 0.7534 0.8778
20 0.5604 0.563ﬂ 0.5743 0.5927 0.6211 0.6633 0.7293 0.8482
50 0.5466 0.5502 L 0.5606 0.5787 0.6064 0.6474 0.7113 0.8261
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