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Analysis of Stress Intensity Factors of Interface Cracks and Angular
Corners Using the Singular Integral Equation of the Body Force Method

Nao-Aki NODA, Kazuhiro ODA,
Takeshi HIGUCHI and Atsushi TANAKA

In this paper, the numerical solution of singular integral equations is discussed in the analysis of
interface cracks and angular corners. The problems are formulated in terms of a system of singular
integral equations on the basis of the body force method. In the case of an interface crack, the
unknown functions of the body force doublet densities which satisfy the boundary conditions are
approximated by the products of the fundamental density functions and power series. In the case of
angular. corners, the unknown functions of the body force densities are expressed as a linear
combination of two types of fundamental density functions and power series, where the fundamental
density functions are chosen to express the symmetric stress singularity of 1/#'"*" and the skew-
symmetric stress singularity of 1/7'7*. The accuracy of the present analysis is verified by comparing
the present results with the results obtained by other researchers and examining the compliance with
the boundary conditions. The calculation shows that the present method gives rapidly converging
numerical results for these problems as well as for ordinary crack problems in homogeneous

materials.
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F2,3 0.0000 (0.0000) 0.0001 (0.0001) 0.0021 (0.0018) 0.0055 (0.0045) 0.0109
Fi,A 1.0013 (1.0014) 1.0059 (1.0059) 1.0501 (1.0493) 1.1169 (1.1154) 1.2357
0.01 F2,A 0.0000 (0.0000) 0.0002 (0.0002) 0.0052 (0.0042) 0.0180 (0.0145) 0.0490
* Fi,8B 1.0012 (1.0012) 1.0048 (1.0048) 1.0292 (1.0288) 1.0539 (1.0531) 1.0842
F2,8 0.0000 (0.0000) 0.0001 (0.0001) 0.0026 (0.0022) 0.0068 (0.0055) 0.0134
Fi,a 1.0013 (1.0014) 1.0059 (1.0059) 1.0502 (1.0934) 1.1171 (1.1154) 1.2360
0.001 | 22| 0.0000 (0.0000) 0.0002 (0.0002) 0.0054 (0.0043) 0.0184 (0.0146) 0.0501
* Fi1,8 1.0012 (1.0012) 1.0048 (1.0048) 1.0293 (1.0288) 1.0540 (1.0532) 1.0843
F2,8| 0.0000 (0.0000) | 0.0001 (0.0001) 0.0027 (0.0022) 0.0070 (0.0056) 0.0137
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0.1 Fi,B| 1.0016 1.0072 1.0176 1.0346 1.0610 1.1022 1.1692 1.2900 1.570
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Fi,a| 1.0026 1.0108 1.0252 1.0475 1.0802
F2,a( 0.0000 0.0000 0.0003 0.0010 0.0026
0.01| F3 1.0017 1.0073 1.0179 1.0351 1.0619
F2,8f 0.0000 0.0002 0.0006 0.0024 0.0059
Fi,c 1.0015 1.0061 1.0136 1.0241 1.0381
F2,cf 0.0000 0.0001 0.0003 0.0012 0.0029

Fi,a}l 1.0026 1.0108 1.0253 1.0476 1.0804 .1289 1.2039 1.3330
F2,a| 0.0000 0.0000 0.0003 0.0010 0.0027 .0065 0.0153 0.0371
0.001| F1-B 1.0017 1.0073 1.0179 1.0352 1.0620 1.1038 1.1716 1.2934
F2,8| 0.0000 0.0002 0.0006 0.0024 0.0060 0.0132 0.0277 0.0609
Fi,cf 1.0015 1.0061 1.0136 1.0242 1.0382 1.0565 1.0810 1.1154

.0556 1.0796 1.1136 1.168
.0046 0.0081 0.0140 0.025

.1286 1.2036 1.3326 1.620
.0064 0.0149 0.0363 0.106
.1037 1.1714 1.2930
.0129 0.0272 0.0596
.0564 1.0808 1.1151
.0057 0.0101 0.0173
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F2,c| 0.0000 0.0001 0.0003 0.0013 0.0030 0.0058 0.0102 0.0177 032
£ 5 FMEBIRO VEYIRE (K 3) OEOIEME £ 6 VEYREHROBARZMGOHEE
(y=60°, 8=30°) (7 : YIRFEE A » o DIEE)
FIal FII,)2 y=60°, B=30°, M=20
A1=0.5122214 22=0.7309007
M r/las On Tnt
from Wel(0) | fram wl(0) | fram We™(0)|from WI(0)
0.01 -2.8699E-04 1.2971E-04
2 0.90412 | 0.84967 | 0.59667 | 0.61162 0.02 1.0475E-04 -1.6635E-04
4 1.07587 | 1.09915 | 0.58194 | 0.57702 0.03 2.0660E-05 -1.4201E-04
6 1.04600 | 1.05007 | 0.58066 | 0.58012 0.04 2.3489E-06 3.3265E-05
8 1.04263 1.04419 0.57668 0.57679 0.05 3.9110E-05 1.3906E-04
10 1.04177 | 1.04252 | 0.57691 | 0.57675 - -
12 1.04132 | 1.04182 | 0.57699 | 0.57688 0.06 3-2104E-05 1.2401E-04
0.07 1.9843E-05 3.6819E-05
14 1.04114 | 1.04148 | 0.57687 | 0.57681
16 1.04099 | 1.04123 | 0.57688 | 0.57683 0.08 -3.3566E-05 | -5.4891E-05
18 1.04093 | 1.04111 | 0.57685 | 0.57681 0.09 -7.3811E-05 | -1.0562E-04
20 1.04085 | 1.04100 | 0.57684 | 0.57682 0.10 -7.9306E-05 -1.0286E-04
22 1.04083 | 1.04094 | 0.57684 | 0.57682
Chen{13] 1.040" 0.577%
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Results in Fig.3
Results

1.5

FL a7 Fxx.u

--- Infinite plate

~—— Semi-Infinite plate

0.0 -
0 10 20 30 40 B
(a) r=0"(4=05, 2=0.5)
1.5
Fin --- Infinite plate

—— Semi-infinite plate

in Fig.2

Present
analysis

Chen
et al.[13]

Fi,\1

F11,)2

Fr,am

Fir, )2

F1,\1

F11,)2

00

00

15°
30°
45°

1.000
0.994
0.949
0.806
0.595

0.000
0.087
0.254
0.465
0.595

1.122
1.118
1.088
0.989
0.838

0.000
0.060
0.177
0.329
0.433

1.122
1.118
1.088
0.989
0.838

0.000
0.060
0.177
0.329
0.433

15°

00

15°
30°
45°

1.011
1.004
0.957
0.809
0.594

0.000
0.093
0.271
0.492
0.619

1.129
1.125
1.094
0.991
0.829

0.000
0.066
0.194
0.358
0.467

30°

00
50
15°
30°
45°

1.042
1.032
0.977
0.816
0.575

0.000
0.108
0.308
0.551
0.681

1.147
1.145
1.111
1.003
0.834

0.000
0.075
0.218
0.398
0.507

1.148
1.140
1.107
1.000
0.834

0.000
0.075
0.218
0.397
0.505

45°

00

15°
30°
45°

1.088
1.073
1.006
0.811
0.513

0.000
0.132
0.367
0.646
0.768

1.182
1.177
1.139
1.021
0.834

0.000
0.089
0.258
0.464
0.574

60°

00
50
15°
30°
45°

1.148
1.125
1.040
0.805
0.485

0.000
0.170
0.463
0.789
0.905

1.225
1.220
1.178
1.041
0.825

0.000
0.113
0.327
0.577
0.685

1.225
1.218
1.176
1.040
0.824

0.000
0.113
0.326
0.577
0.684

75°

00
50
15°
30°
45°

1.217
1.187
1.084
0.817
0.416

0.000
0.243
0.646
1.074
1.158

1.277
1.271
1.221
1.059
0.795

0.000
0.163
0.469
0.809
0.902

90°

00

15°
30°

1.293
1.258
1.139
0.823

0.000
0.471
1.244
2.077

1.336
1.328
1.267
1.066

0.000
0.331
0.946
1.575

1.336
1.327
1.266
1.065

0.000
0.331
0.946
1.576

4
hﬂ
a
e
Vo
~ -~
. ”~
-~ Fﬂ.l?
rd
.
-~
0.0 — . . .
0 10 20 30 40 p°

(b) y=30°(A4=0.5014530, ,=0.598 191 8)

FI, L7 FIX. a2

0 10 20 30 40 B °
(c) r=60°(A41=0.512 221 4, 2=0.730 900 7)

B 6 M - MR OYIR A Fiay, Fus O B 1
23 %A

(P =Ko/ I'4, Fie=Kuafo=J 7 1'77)

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

ERIE DR AR TEA QBB & 2 R X HB L UAROLHTEARKOREY 2219

(1) AEEYOTHEECO>VT, $BHEOR
RS HEA(3) LBESHEIC L 2 /ERD HER
(7)) 2L TRLE, HEMO S RMEETENT
H - fe RABES 2 BAFERS L BB OB TIEMT 5
FHECL TR OBERT R T KR, Bifk
ROPRESBS ERFG LB LA TLECHE &
®5ZLNARETH S Z LR AN,

(2) 2fBIUVIBEOSRAESZOTHEED
BRI 21TV, EHOMEMOLE A=a/d B & CRIMLL T
=G\/G: R EL AR HRERLI(E 3,
£4). I'=10 0BEOBMERIE, HEMTCES R
THMEREFERICBL B L, £, #H50ESE
WCED  EIRTTAGIC IR BB F R8> ¢
bI=100YEMDEEDFN LB EAEEDS R
W ERbhoi,

(3) MERIKB & CHE|BERF OYIX AL ORHE
z, AN EOREES RN L > TER L.
hoDMETE, REBEBTHIBBNITES, A
WOZEoo LTI (E— F 1) & #d#HE
(E— VI @ 2 EHEOEREER L REO—RES
WKE->TEHET S, ZORRE, 0L RERORYR
B3 ODORRICITIBVRET MBI L T BiFk
BOPCRELE S h, BOBREFOREE SR &
iz,

(4) HEBRRPOFETHEARIL (K 2) B L UHLER
WHo VEYIRE (R3)OME >N, A, @
& AR THERT 21TV, ZOAEOIETHE
RKEBERRLUI(RT, K6), MR L FERKRD
Fia, Fie i, BEAB 0 (XZ)OBE LRI, 8
E LML THUDBER ERL, B=0"~45° DL H
BT, 2hic Fu 3Y¥EBEOMEDIZ S BAE L,
Fu {38 RBRIROMEIK E 0,

X 73

(1) &, REOS%, (1993), 162, HEEME.

(2) BB, 58, 57-534, A (1991), 366.

(3) EFH - /NH - BE, #4358, 56-532, A (1990), 2405.

(4) EFH - /MHE - 4HE, B3, 57-542, A (1991), 2332.

(5) E¥ME - /NEH - B, #3, 59-558, A (1993), 332.

(6) EFME - 1R, ¥, 58-555, A (1992), 2179.

(7) ¥FH - FAR, #8358, 59-559, A (1993), 785.

(8) EFH - B, #5%, 59-564, A (1993), 1964.

(9) Comninou, M., J. Appl. Mech., 44 (1977), 631.

(10) EF¥H - KB, #3838, No. 938-2 (1993-7), 186.

(11) 7% - F& - B0, #8588, 59-557, A (1993), 68.

(12) #54% - &, ¥8a%, 55-510, A (1989), 340.

(13) B - 752, #38, 57-538, A (1991), 1406.

(14) F&, MAKFERRI, (1993), 114.

(15) Erdogan, F., Proc. 4th U. S. Nat. Congr. Appl. Mech.,
(1962), 547.

(16) Sih, G.C., Proc. Second Conf. Theor. Appl. Mech.,
(1964), 117, Pergamon Press.

NI | -El ectronic Library Service



