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The Hypersingular Integral Equation Method in the Analysis
of Bent and Branched Cracks

Nao-aki NODA, Kazuhiro ODA and Chikahiro MASUDA

In the previous papers, the hypersingular integral equation method (HIEM) was shown to be
useful for exactly analyzing straight crack problems in the two-dimensional plane. The present paper
concerns the application of the HIEM for the solution of the problems with intricate crack shapes.
As examples, the stress intensity factors of bent and branched cracks under uniform tension are
treated. Even in the case of that the bent part of the crack is extremely short, the accurate numerical
results are obtained by selecting a convenient set of collocation points. The calculation shows that
the HIEM, in which unknown functions are approximated by using Chebyshev polynomials, gives
results of better accuracy compared with the previous method using such as stepped functions.
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£ 1 BEOMECLA2ER~OEE (H2) (=45

b/a | Eq. | M1 M2 FB Fro®
l ' I 5 5| 0.62308 0.53435
(8) | 10 10 [ 0.63066 0.50958
15 15 | 0.63116 0.50702
B 0.1
A 5 5| 0.63262 0.50713
\< 3] (9) | 1010 | 0.63293 0.50753
A 15 15 | 0.63298 0.50651
Yuuki[1] 0.634  0.505
a
16 4 | 0.68209 0.47046
2¢ (8) | 20 5 | 0.68675 0.47049
24 6 | 0.69170 0.45723
0.0
16 4 | 0.73096 0.39338
(9) | 20 5| 0.73026 0.39262
24 6 | 0.73015 0.39219
B 2SRRI DT 2 B0 — M5 Y Yuukifl) | 0.732  0.389
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(0=45°, bla=0.01)

M2/M1 | M1 M2 FyB Fri®
25 S 0.73062  0.39181

0.2 306 0.73053  0.39113
B 7 0.73046  0.39052

30 3 0.73280  0.38943

0.1 40 4 0.73122  0.3893]
50 5 0.73131  0.38836

60 3 0.73195  0.38627

0.05 | 80 4 0.73147  0.38656
100 5 0.73118  0.38684

% 3 EATEMEBOEERSOWMD A2 L 2R

OEE (K3) (6=45)

FIB = KI/O/F

b/a M1 M2 (a) (b)
12 8 0.6337 0.6337

0.1 18 6 0.6334 0.6334
24 8 0.6334 0.6330
9 9 0.5691 0.5691

1.0 11 0.5691  0.5691
13 13 0.5691 0.5691

Fri8 = Kpp/ o/wc

b/a M1 M2 (a) (b)
12 4 0.5062 0.5061

0.1 18 6 0.5057 0.5057
24 8 0.5056 0.5052
9 9 0.6411  0.6411

1.0 1M n 0.6411  0.6411
13 13 0.6411 0.6411
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#* 4 B8 BROBERTAGHEARY (K2)
(6=45°)

FIB-KIB/ gvmnc

Present Isida Isida
analysis [12} (2]
b/a L . -
azzzzzzze® wzzzzzzzss —
0.000{4] 0.791 0.791 0.791
0.005 0.749 —_ 0.748
0.01 0.731 0.710 0.730
0.1 0.633 0.634 0.633
1.0 0.569 0.569 0.569
Fr1o=k; 8/ o/mc
Present Isida Isida
analysis (2] [2}
b/a » . .
wzzzzzizest -zzzzzzzes’ "
0.000(4] 0.324 0.324 0.324
0.005 0.370 -— 0.369
0.01 0.388 0.356 0.388
0.1 0.506 0.504 0.505
1.0 0.641 0.641 0.641
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# 7 BIEEROKTILSHEREE (B5)
(Cz/C1=0.1. Fn,u=Kl.u/d\/7rCJcos a)

F[B = KIB/ [o 4 X CZ/C] e (deg.) Fl Fll
Present Isida 60.0 0.467 0.340
analysis [3] 45,0 0.708 0.358
b/a L 0.10 30.0 0.921  0.295
S aat 15.0 1.068 0.167
60.0 0.472 0.324
0.02 0.631 0.631 4%_0 0.713 0_342
0.03 0.615 0.615 0.05 30.0 0.924 0.285
0.05 0.593 0.593 15.0 1.070 0.162
0.1 0.560 0.560
0.5 0.500 0.500 60.0 0.479 0.313
1.0 0.495 0.03 45.0 0.717 0.332
. 30.0 0.926 0.277
Fi1® = k(8 ovmc 15.0 1.070 0.158
Present Isida 60.0 _ —_—
analysis [3] 45,0 0.74 0.31
b/a L o o.go 30.0 0.94 0.25
-::::::::5;: c#:‘ (8] 15.0 1.07 0.14
0.02 0.246 0.246 £ 8 VYR BORRTAUSTIEARE (K6)
0.05 0.297 0.297 Lu=RK,u/ovnl, C= a)
0.1 0.347 0.347
0.5 0.474 0.474 9 Fi Fi1
1.0 0.506 N
(deg.) Present Isi?a Present Ifi?a
L analysis [7 analysis 7
® 6 |MIXUTICHELAFRBODEYE (H5)
(C2/Ci=0.1, §=30°, F\.u=Ki.u/oJ7Ci]cos ) " 3| S-gees g: Y
Present analysis BFM(Step Function) : Z g:?g gggg
M1 M2 Fl Fly M1 M2 Fl Fli1
1 0.7049  0.705 0.3645 0.365
9 2 g.gf;g g.gg;; 13 2 g.g?g; g.g:gg 5.0 | 2 0.705 0.703 0.365 0.364
12 . . . - g 3 0.706 0.704 0.359 0.360
15 5| 0.9211 0.2963 | 15 5| 0.9139 0.3102
gé 71 0.9211 0.296% |21 7] 0.9159 0.3064 4 0.708 0.704 0.333 0.355
10| 0.9210 0.2952 | 30 10| 0.9175 0.3034
90 30 | 0.9199 0.2984 11 0.9200 0.3058
120 40 | 0.9202 0.2977 60.0 21 0.920 0. 305
. 3 0.920 0. 302
(30- 90)| 0.9211 0.2959 4| 0.921 0.298
(90-120)| 0.9211 0.2956
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(BHE) CE-oTHRIFAB OBEEWMFIL TS
D BIRERIIE b b, Y/ ERR—ERIC
HEL 2@ EROBRIGENZ E8b 5, %
72, NOSKE 22 RIZMA, FudBsMERACDH
3z ribhot, #ICEBIFTEOIEELRT.
L2 BBRCBOTHIREBR VL Z E3b b
5,
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AR T, HHEx 2 HPROMBEICH T 2 BR%
AEMAABRRZEO#AEIC DV TRA L7,

FORR, XDE>3 I Ldbh o,

(1) BFRRECEELRIZTLEDNIROD=D
ORF IOV TBRHNEITY, 2OEELEEL .
OERELTL*HE 3 A BR) OfuE.
@F & HIR L AITWOBABMDLL.
OEFFEEMBOEXEE I DORD A,

tD=Z>0RFDIH, @, QREITHEICIELA
PREERIZE VL, QRRIIBE RS2 EEY
Rizd., Lo TERBEICBWLTI, BEORD HIZ
L, 2Om0 A3, ZFEBcE3 R(8)) kDY,
x@Em TS TECES (R(9)) Xl icesig
55, HERE B L UROPGRHS, EL<MLT S
ZEbhot,

(2) FxgEo#EARE LT, ERRTOET S H,
DI ERE X ULEBROBIZA-LBINEH, ¥
¥ S BOISHIERFRBOBT 21T o7z, £ DRI,
BEROBER Y, &£ —BL Tw 3, BRIRFOREHT, 52

®£9 PI/YVIEGERO Ry DGR (K6)
(6=45°, Fi,u=Ki.u/oVaC, C=Na)

N=3 N=4

M F1 fu [M Fi fin

3| 0.7075 0.3621 | 3| 0.7096 0.3561

4| 0.7062 0.3606 | 4| 0.7084 0.3544

5| 0.7055 0.3601 [ 5 0.7078 0.3539

6| 0.7056 0.3598 [ 6 | 0.7080 0.3536

7| 0.7057 0.3596 | 7| 0.7080 0.3534

8| 0.7057 0.3595 | 8| 0.7081 0.3533

9| 0.7058 0.3594 | 9| 0.7082 0.3532

10| 0.7058 0.3593 [10| o0.7082 0.3532
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X 73

(1) duil - &5, B3N, 41-346 (1975), 1641.

(2) GH-HEH. #%, 48-430, A (1982), 729.

(3) AB-F0O, MR, 49-440, A (1983), 469.

(4) M-I, XIR(2)D 783 <—.

(5) HH-B-ES, BR, 50-451, A (1984), 330.

(6) P4, ¥, 41-344 (1975), 1103.

(7) AH, 8% 45-392, A (1979), 306.

(8) 7L -B-HH, XHK(5)D 341 <—.

(9) Gudmundson, P. and Zang, W. L., Proc. Ist Int. Conf.
on Localized Damage, 3 (1990), 351, Comp. Mech. Pub.

(10) ¥FH - /\HH - BH, #83%, 56-532, A (1990), 2405.

(11) 7% - B, FMhE, (1987), 9, A,

(12) HME, ¥R, 44-380 (1978), 1122.

— 59 —

NI | -El ectronic Library Service



