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Analysis of Stress Intensity Factor for Interface
Cracks Based on Proportional Method
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In this study, a simple method to determine the complex stress intensity factor of interface crack
problem in dissimilar materials is proposed by using the proportional method. This method is based
on the fact that the singular stress field near the crack tip is proportional to r=®% and is controlled by
the stress values at the crack tip node calculated by the finite element method. In the present method,
the stress intensity factors of interface crack in dissimilar materials are evaluated from the ratio of
crack-tip-stress values between a given and a reference problems. A single interface crack in an
infinite bi-material plate subjected to tension and shear loads is selected as the reference problem in
this study. The accuracy of the present analysis is verified by the comparing the present results with
the results obtained by other researches. The calculation shows that the present method gives easily
the accurate numerical results for the interface crack problems in dissimilar materials.
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Fig2 Concept of proposed method
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Figd  Comparison of relative stress distributions near

crack tip (In the case that Eq.(17) is not satisfied)
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Fig3  Analytical model of an interface edge crack

Table 1 Stress values of reference problem at the crack tip
(W/a=1500,G,/G,=10, v 1= v 7~0.3 Plane stress)

Problem | T S |a*| Torn* | T oren®
Fig.1(a) 1 0 |10 16.8181 | ~6.14681
Fig.1(b) 0 1 10 | 11.4217 | 9.80859
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0 1 ] 1 J
0.00 0.01 0.02 003 0.04
r/a
Fig5  Comparison of relative stress distributions near

crack tip (In the case that Eq.(17) is satisfied)
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Table2 Crack tip stress values of interface edge crack
problem and reference problem
(GQ/G1=10, Vi= V&« 03, Plane SU’CSS)

a/W | Oorem | Toorem | O ooren® | T oren® S
0.1 | 22.207 | -6.6251 | 17.7941 | -5.3086 | 0.085453

0.2 | 24.310 | -7.6202 | 17.5645 | -5.5059 | 0.065346

Table 3 Normalized stress intensity factors of Fig.3
(Gy/G=10, v = v ;=0.3,Plane stress)

a/W| F, F,gey | Error % F, Foaew | Error %
0.1 |1.228 | 1.229 | 0.0792 | -0.341 | -0.34 | 0.0822
0.2 | 1.367 | 1.369 | 0.1373 | -0.350 | —0.35 | 0.0716

1.32
Fi
1.30
1.28
1.26
1.275(BFM[5])
F, =K} +K? l(om)
1.24 1 1 1 1 ]

0.00 0.01 0.02 0.03 0.04 0.05
r/a

Fig6 Values of F; obtained from equation (10)

Error = (F; = F; pppr )/ \/FI.EFMZ +F2,BFM2 (i=12)

Table4  Effect of relative minimum element size ¢/a on
stress intensity factors (G»/G,=10, v ;= v ,=0.3,Plane stress)

e* F, Figem | Error % F, Fpem | Error %

1/9 |[1.2170 | 1.229 | 0.943 | —0.3465 | —0.340 | 0.507

1/27 | 1.2233 | 1.229 | 0.447 | -0.3440 | -0.340 | 0.314

1/81 | 1.2265 | 1.229 | 0.199 | -0.3419 | -0.340 | 0.146

1/243 | 1.2280 | 1.229 | 0.079 | —0.3407 | —0.340 | 0.082

1/729 | 1.2285 | 1.229 | 0.036 | -0.3403 | —0.340 | 0.023

(i=12)

Error =(F; = Figpp )/ \/FI,EFM2 +F2,EFM2
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INEHRSHET e =a/243 & L7z, Table 6 Normalized stress intensity factors of the central
3-3-1 RFEER 7 PRABEIHOKR interface crack (Fig. 7a, v = v ,=0.3, Plane stress)
BT & AR RO RD L DA T~ & 5 D> 6./G. | arw F F,
BAIDB K o) (Z, zlii(f{& ’ﬁﬁﬁjﬂf& @%%@%li% Z Present | Ref. [8] | Ref. [9] | Present | Ref. [8] | Ref. [9]
KOFETH012%TH Y, 1ZEAEDFEEIT0.1%LL 0.1 | 1.001 | 0.995 | 1.001 |-0.072|-0.072 |-0.072
NThd. LizhoT, T HFRIFRAmEH 0.2 | 1.019 | 1.019 | 1.020 |-0.071|-0.070|-0.071
REEICBWCER LS 7SBEAB LTINS LN L 5. 2 [03] 1052|1053 | 1.053 |-0.071|-0.072 |-0.071
#6121, HELE G/Gi=2~100 £ TERILS VTGS 04 | 1.103 | 1.104 | 1.104 |-0.073|-0.073 |-0.073
\ZDOUNT, AFRTRER L, IARLOB I ORI SO0k 05| 1.179 | 1.180 | 1.181 |-0.077|-0.077|-0.077
B DA T, 1R U E{EREATEC X AR, 0.1 ] 0.987 | 0.981 | 0.987 |-0.129|-0.128|-0.129
MORER & < —F LT, 0.2 | 1.006 | 1.006 | 1.006 |-0.127|-0.126 {-0.127

3:3:2 AEIRESR %712, EETLFEHECE 4 03| 1.038 | 1.037 | 1.031 |-0.127|-0.126|-0.127
DI TSR L AR R I ORI BO 0.4 ] 1.088 | 1.088 | 1.089 |-0.130|-0.131|-0.130
i’ié%ﬁ%%%ﬂ%ﬂ%‘ﬂ‘ — 4B L 5 05| 1.161 | 1.163 | 1.163 |-0.137(-0.136 | -0.137
- ¥ N N oAyl

2, AR & RREEI T T b AT L D R 0.1]0.967 | 0962 | 0.968 |-0.175|-0.172|-0.174

. . ) 0.2 |1 0.986 | 0.987 | 0.986 |-0.172|—0.168|~0.171
FEEFIB U CROIISITHERREI TSI L v 10 [03 1018|1017 | 1018 <0471 20471 20170

B, L L72nih, SEMIRICH LTRSS, M 04 | 1.065 | 1.065 | 1.066 |-0.174|-0.172|-0.173
HAEROZED PR ERDOFEALAETRE <R HH 0.5 | 1.134 | 1.135 | 1.136 |-0.182]-0.181]-0.182
M35 5. 0.1 | 0.945 | 0.943 | 0.946 |~0.207|-0.207 [-0.206
0.2 | 0.964 | 0.964 | 0.964 [-0.202|-0.201|-0.201

- {4 to 100 | 0.3 | 0.996 | 0.994 | 0.994 [-0.200{-0.198 |-0.200

0.4 | 1.039 | 1.039 | 1.039 [-0.204[-0.200]-0.203

v .G ;/1,G1 05| 1.104 | 1.104 | 1.104 [-0.212|-0.208 |-0.210

Table 7 Normalized stress intensity factors of the single
edge interface crack  (Fig. 7b, v ;= v ;=0.3, Plane stress)

I@ a F, F,
G,/G,|a/W

V,.,G; 2W V.G, 1.5W Present | Ref. [8] | Ref. [9] |Present | Ref. [8] | Ref. [9]
« W « W 0.1 | 1.193 | 1.190 | 1.195 |-0.129|-0.127 |-0.129
bt vy 0.2 | 1.365 | 1.367 | 1.368 [-0.137|-0.137|-0.137
2 |03]1.653]1.657 | 1.659 [-0.158|-0.156|-0.158

0.4 | 2.101 | 2.109 | 2.110 |-0.198 -0.195|-0.198

@ ®) i

0512790 | 2.819 | 2.882 |-0.316|-0.268 | ~0.267
0.111.207 | 1.199 | 1.209 |-0.240{-0.237|-0.239
0.2 | 1.365 | 1.368 | 1.368 |—0.251|-0.251|-0.250
4 03 | 1.644 | 1.655 | 1.654 |-0.286|-0.288|~0.288
04 ] 2093 | 2102 | 2.101 |-0.359|-0.358 | —0.359
0.5 | 2.791 | 2.806 | 2.807 |-0.484|-0.483|-0.483

Fig.7 Treated problems (a) central interface crack and
(b) single-edge interface crack in finite bi-material plate

Table5 Normalized stress intensity factors of Fig. 7(a)
(Gz/G1=10, VIV 2=03,Plane S[IESS)

a/W| F, |Figry”[Error%] F, |Fyeeu® |Error% 0.1 | 1.228 | 1.222 | 1.229 [-0.341[-0.336 |-0.340
0.1 10.9674|0.9677 | —0.03 | —0.1747 (-0.1747| 0.00 0.2 1367 | 1.366 | 1.369 |-0.350|-0.348 | -0.349
0.2 ]0.9863|0.9865 | -0.02 | -0.1715 |-0.1716| 0.01 10 | 03| 1.643 | 1.648 | 1.648 |-0.400|-0.394 |-0.399
0.311.0177|1.0181| -0.04 | -0.1712 {-0.1713| 0.01 04| 2082 | 2.090 | 2.090 |-0.495|-0.491|-0.494
0.4 11.0652|1.0657 | —0.05 | -0.1742 |-0.1745) 0.03 05 | 2772 | 2.789 | 2.789 |-0.663|-0.661|-0.663
0.5]1.1344)1.1354 | -0.09 [ ~0.1824 |-0.1828| 0.03 0.1 | 1.251 | 1.251 | 1.251 |-0.426 |-0.424 | -0.424
0.6(1.2373/1.2388| -0.12 | —0.1989 |-0.1994| 0.04 02| 1368 | 1.376 | 1.370 | -0.429|-0.429|-0.428
0.7 11.39971.4005 | -0.06 | -0.2293 |-0.2306{ 0.09 100 | 0.3 | 1.637 | 1.647 | 1.642 |-0.486|-0.470|-0.485

Error =(F, = F, ppas )/ m (i=12) 0.4 | 2.070 | 2.083 | 2.078 |-0.597 |-0.569 | -0.597

052754 (2772 | 2.770 |-0.797 | -0.793 | -0.797
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