The Japan Soci ety of Mechanical Engineers

1361
VI AHI 230 (A 84) 3 No. 95-1755
62 #% 598 5+ (1996 6)

BERIPHERICL S 28 L USHBD
FH#g & HOTHMR DRI

BFOH oMY /| oo BN H R Re

Stress Intensity Factors of Double and Multiple Edge Cracks

Nao-Aki NODA, Motoki TSURU and Kazuhiro ODA

In this paper the interaction of multiple edge cracks in a semi-infinite plate is considered. The
problem is formulated as a system of hypersingular integral equations using the stress field due to a
force doublet as a fundamental solution. In the numerical calculations, unknown functions are
approximated by fundamental density functions and Chebyshev polynomials. First, two edge cracks
A and B having different crack lengths and inclination angles are analyzed and the effect of crack
B upon crack A is investigated. The stress intensity factor (SIF) of crack A is found to be almost
constant independent of inclination angle B if the tip of crack B is fixed. Second, periodic edge cracks
are systematically analyzed varying the number, distance and angle of cracks. The interaction effect
is found to occur mostly due to the distance independent of the angle. Analytical results are also
shown when crack parameters are changed slightly from average values in almost equally spaced
multiple edge cracks.

Key Words: Elasticity, Stress Intensity Factor, Body Force Method, Hypersingular Integral
Equation Method, Multiple Edge Cracks, Interaction Effect
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Fig.1 A system of edge cracks in a semi-infinite plate
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Fig.2 Two edge cracks in a semi infinite plate
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Table 1 Effect of crack B on the stress intensity factors of crack A

Fua= Kiaiowy Tya cosec Oa. Fua Kuaiwy Tua cosec s

yr=0.5
ys=1.0
Xp—xXa—d

Fial ()iFia/ Fialgg-s0°] Fual ) Foa/ Fualgg so°
d/ya|dys 6 85 %0° 135° 15° 90° 135°
s
45° - - - - . -
1.0 0.5 63.4° — 0.1438(1.21) - - 0.0749(0.77) -
: 90 -0.0091(1.00)[0.1182(1.00){0.1437(1.00)[0.0821(1.00){0.0969(1.00)|-0.0110( 1.00)
135° -0.0682(7.49)|0-0813(0.69)|0.1382(0.96)|0.0973(1.19)|0.1308(1.35)| 0.0049(-0.45)

45 0.1753(1.34)]0.4247(1.02) — 0.1808(0.84){0.1137(0.79) —
63.4° - 0.3637(1.01) - - -0.1085(1.06)

90° 0.1313(1.00)[0.4181(1.00)]0.3605(1.00)|0.2146(1.00)/0.1438(1.00) -0.1023(1.00)
135° 0.1075(0.82)0.4065(0.97)[0.3620(1.00)]0.2227(1.04){0.1599(1.11)| -0.0971(0.95)

a5 0.2913(1.05)|0.6144(1.01)}0.4610(1.00){0.2546(0.97)[0.1063(0.91)} -0.1733(1.01)
3.0 | 1.5 90 0.2765(1.00)|0.6092(1.00)|0.4632(1.00)|0.2616(1.00)|0.1166(1.00)] -0.1723(1.00)
135° | 0.2700¢0.98)|0.6061(1.00)[0.4643(1.00)[0.2636(1.01)|0.1213(¢1.04)| -0.1706(0.99)

45 0.3892(1.00){0.7363(1.00)[0.5228(1.00)(0.2821(1.00)|0.0819(1.00){ -0.2201(1.00)
4.0 | 2.0 90" | 0.3902(1.00)[0.7383(1.00)[0.5221(1.00)[0.2830(1.00)]{0.0822(1.00)} -0.2209(1.00)
135° | 0.3889(1.00)]0.7381(1.00)|0.5206(1.00)|0.2836(1.00)[0.0834(1.01)[ -0.2206(1.00)
45° | 0.7049(1.00)|1.1215(1.00)]0.7049(1.00)|0.3645(1.00)|0.0000( — )| -0.3645(1.00)
) o 90° 0.7049(1.00)[1.1215¢1.00)[0.7049(1.00)[0.3645(1.00)|0.0000( — )| -0.3645(1.00)
135° 0.7049(1.00){1.1215(1.00)]0.7049(1.00)|0.3645(1.00)]0.0000( — )| -0.3645(1.00)

Table 2 Effect of crack B on the stress intensity factors of crack A
Fra= Kialowy Tya cosec Oa. Fiia — Kuaioey Ty cosec Oa

ya=1.0
ys=1.0
Xp—xa=d
Fial ¢ ):FIA/F]Algazgo"] Foa[ ¢ ) FnA/FuA|05:90°]
d/yald/ ys & 45 90° 135° s %0° 135°
Os
45° 0.4014(1.07) — — 0.3148(0.91) — —
63.4° — 0.8208(1.00) — - 0.1505(0.94) —
0.5 0.5 90° |0.3737(1.00)[0.8172(1.00) — 0.3450(1.00)[0.1594(1.00) —
116.6° - - 0.6185(1.00) - - -0.2344(1.00)

13s° 0.3726(1.00)|0.8229(1.01)

(=}

.6187(1.00)]|0.3595(1.04)|0.1626(1.02)(-0.2344(1.00)

45° 10.4389(1.06)
0.4123(1.00)

0.8588(1.01) — 0.3320(0.92)]0.1177(0.88) —
0
135° |0.4088(0.99)[0.8583(1.01)|0.6212(1.00)]0.3702(1.03)
0

0
.8543(1.00){0.6201(1.00)|0.3609(1.00)]0.1331(1.00)|-0.2533(1.00)

0.1370(1.03)}~0.2538(1.00)

0

45° |0.4685(1.05)]0.8889(1.01) — 0.3442(0.96)]0.0996(0.89) —
s s 63.4° — — 0.6253(1.00) — — -0.2695(1.00)
: 90° {0.4471(1.00)]0.8838(1.00)]0.6251(1.00)|0.3604(1.00){0.1123(1.00)}|-0.2685(1.00)

135° | 0.4450(1.00)|0.8854(1.00)]0.6262(1.00)]0.3639(1.01)

45° 10.4962(1.02)
0.4855(1.00)
135° | 0.4849(1.00)

.1147(1.02)|-0.2689(1.00)

.9155(1.01)]0.6309(1.00)[0.3481(0.99)
.9111(1.00)]0.6309(1.00)]|0.3531(1.00)
.9118(1.00)]0.6317(1.00)]0.3542(1.00)

.6369(1.00)|0.3461(1.00)
.6369(1.00)]|0.3471(1.00)
.6373(1.00)[0.3474(1.00)

.7049(1.00)|0.3645(1.00)|0.0000( — )[-0.3645(1.00)
.7049(1.00)|0.3645(1.00)}0.0000( — )|-0.3645(1.00)
.7049(1.00)(0.3645(1.00)]|0.0000( — )|-0.3645(1.00)

.0844(0.93)|-0.2822(1.00)
.0909(1.00)[-0.2812(1.00)
.0918(1.01)|~0.2815(1.00)

0
0
0
45° 10.5267(1.01)|0.9404(1.00) .0687(0.97)|~0.2932(1.00)
0 .0708(1.00)|-0.2925(1.00)
0

.0710(1.00)]-~0.2927(1.00)

0.5232(1.00)}0.9384(1.00)
135° [0.5233(1.00)|0.9390(1.00)

o o o o oo o o

45 0.7049(1.00)f1.1215(1.00)
Y o 90° 10.7049(1.00)|1.1215(1.00)
135° [0.7049(1.00)|1.1215(1.00)
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Table 3 £ in Fig. 3 (6=45°)

Fi = Ki /0wy 7a cosec O

a/d
0.1 0.2 0.3 0.4 0.5

F N
10 0.6770/0.6094)0.5383[0.4848]0.4503
11 0.6769|0.6088[0.5376]0.4840[0.4493
12 0.6767|0.6085{0.5370|0.4833(0.4485
FIA 13 0.6766]0.6082|0.5366{0.4827|0.4478
00(11-12)10.6756(0.6052[0.5304|0.4756|0.4397
00(12-13)}10.6754]0.6046]0.530510.4755]0.4394
7 0.661210.5678]10.4809)0.4197]0.3809
9 0.6591(0.562810.4736|0.4114{0.3717
11 0.6580({0.5596|0.4691(0.4060|0.3657
FlB 13 0.6571(0.557310.4658|0.4022(0.3614
oo( 9-11)]0.6531|0.5452/0.4489{0.3817]0.3387
00(11-13)10.6522|0.5447|0.4477]0.3813[0.3378
10 0.6830{0.6442|{0.6147(0.5962[0.5844
11 0.6829|0.6438[0.6139/0.5953]|0.5834
12 0.6827[0.6434]/0.613210.5945|0.5825
Fie] 13 0.6826/0.6431]/0.6127|0.5939[0.5816
00(11-12)[0.6805[{0.6390|0.6055|0.5857|0.5726
00(12-13)(0.6814|0.6395|0.6054/0.5854)0.5721

Fig.3 Periodic inclined edge cracks
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32 ¥MBmOIRBORAMEAMBEE  FL
A E G JUEL IO - INE: T RAN N UE - SR ALD) A L
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Table 4 Fi, Fuin Fig. 3 (=45 and 6-=90°)

Fy' Rioey ma cosec 60, Fy = Kyio.y 7a cosec ¢

F F,=F Fi._ +
azd| 6 o oo 10 l'lr-m/ 1]w-1 @2@
A B [ AQD B c@
0.0 45° 0.7049|0.7049|0,7049(1.000{1.000j1.000|1.000
: 90° 1.1215{1.1215/1.1215{1.000|1.000|1.000|1.000
0.1 45° 0.675 |0.652 |0.681 ]0.958[/0.925/0.966|0.962
: 90° 1.079 [1.039 [1.079 |0.962[{0.926]/0.962]0.962
0.2 45° 0.605 |0.545 | 0,639 [0.858|0.773/0.907|0.883
*“190° lo0.991 [0.872 [0.991 [0.884{0.778(0.884/0.884
0.3 45" [0.530 [0.448 [0.606 |0.752[0.636|0.860|0.806
*7l90° [0.913 |0.727 |0.913 [0.814]0.648{0.814]|0.814
. .
0.4 45 0.476 |0.381 |0.586 ]0.675)0.541}0.831)0.753
“"190" lo.8s6 |0.627 {0.856 |0.763[0.559(0.763(0.763
0.5 45" |0.439 |0.338 |0.573 |0.623{0.480{0.813{0.718
*7190° {0.817 [0.560 [0.817 |0.728]0.499)0.728]|0.728
F, E,=F, F
s~ 0 OjR— = +
wal o [5eco " ]nJuhM%®
A B c AD| B | c®
0.0 45" 10.3645/0.3645|0.3645/1.000)1.000)1.000[1.000
*]90" ]0.0000{0.0000{0.0000] — - — b
01 45" |o0.352 [0.338 | 0.349]0.966/0.927|0.957]/0.962
*7]90° |0.004 |0.000 |-0.004] — - — —
0.2 45" 10.333 |0.288 | 0.317(0.914{0.790{0.870]0.892
*“l90° Jo.021 Jo.000 |-0.021] — — — —
0.3 45" |0.321 |0.250 | 0.286(0.881|0.686{0.785[0.833
“?|90° |0.047 |0.000 |-0.047] — — — —
0.4 45" 10.317 {0.227 | 0.264]0.870/0.623|0.724{0.797
“*l90° |o0.069 |0.000 |-0.069| — — — —
0.5 45" |0.313 ]0.210 | 0.248]0.859}0.576]0.680]0.770
: 90" |0.087 |0.000 |-0.087 - - - -
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Table 5 Fi, Fuin Fig. 3 (¢/d =0.5)
Fy = Kilowy 7a cosec 0, Fuy= Kuiowy na cosec 0

0 P‘ll-.14(,o FIO=FI|I—~oo/Fl|u=1 @
A B c AT | B c@ 2
30" [0.265/0.213] 0.388 |0.573]0.461| 0.839 [0.706
45" |0.439(0.338]| 0.573]0.623|0.480] 0.813 |0.718
60" |0.612(0.453| 0.722 [0.665]0.492| 0.785 [0.725
7s° |0.747(0.533]| 0.809 [0.699]0.499| 0.757 |0.728
85° 0.802|0.557| 0.824 10.719]0.499} 0.739|0.729
90° |0.817(0.560| 0.817 [0.728]0.499| 0.728 |0.728
6 Full'*’m FHOZFﬂll—»m/Fﬂllzl o+@
A B c AD| B @ 2
30° ]0.257|0.189| 0.265[0.764|0.562| 0.788[0.776
45° |0.313|0.210| 0.248/0.859/0.576] 0.680]|0.770
60" 0.295/0.176| 0.176]0.965|(0.576] 0.576{0.770
75° |0.213]/0.100] 0.054|1.226|0.575] 0.311|0.768
85" [0.131]0.034|-0.036[2.180[0.569(-0.599]/0.790
90" 10.087|0.000(-0.087] — — — —

Table 6 Fi. Fii of single crack!™ in Fig. 3 (N=1)
Fr- K6y ma cosec 0, Fy= Koy 7a cosec 0

6 F, B 6 F, E
10° 0.1621|0.1734|50° 0.7817]0.3543
15° 0.2318]0.2261|60° 0.9201}0.3058
20° 0.3054|0.2710]|67.5° |[1.0048(0.2474
22.5° |0.3436(0.2905}70° 1.0286(0.2243
30° 0.4625[0.3362|75° 1.0686/0.1738
37.5° |0.5845]0.3613}80° 1.0978|0.1186
40° 0.6251{0.3648|85° 1.1155]/0.0601
45° 0.7049|0.3645]90° 1.1215|0.0000

Filv-o/Filv-1 3 £ U Filyew/Fuls-1), 8o S, 2%
A COD Fuo, Fuo DVEfEL R L 72, RAWDRT L9
2, 2B O Fo DL, a/d B—ETHHIIHE A
G545 5 90° I EILL THIRIZ—-HETHh A, F1¢,
EWA COFoOVHESL XS FRIE—ETH
2. 85T, RAKBOT, a/d B—FETHIIHE A
OMERLTLH, EBBD Fo, Fu DI X, X HA,
CD Fu, Fro OF¥IMfIZ, ZIZTETHLEEZ LR
5, BREORLS, £513, ald=05DBHEEFN LD,
XA O %3055 90 FTEBSETRLLLDT
HB, ES5ITRT IO, THBD Fo Fio O i3,
fEEM gk o FINT—ETH Y, FPEM RN
RO Rz BWT, BRI NI OREEL L
WI kWb, Fd4, RS5OFERAMHTUL 1
DOFIDBEEHOHKER(EE) AR L T, M3 O M
FHE X O DR X BOIIHEK IR A T v RET
H5,

33 FMEBHROEIBMAMKERNBICSITZERD
BERS, A, fRMEROTLOEE K4
i, CFEERBCh OEEIERHE S REE 2 R T M4 T, &
HAOMBEN=11, FERHORELE S =108 L U,
WO SRR =20 LEEL T, 2HOMEE A
AEEAES, 53, JROEXB OB A 0 21EE
Lt MUOSHOMEER O0~6 B L U 6~0n
AEARIELEXOXHB OISR~ DEE
ERT(A)NTRT, &7, KOS RAOHEEH 6 %
FME L, o~0 2L 2DSHA DG
KIFBAOREEX T(b) I, 1O ZBC OMEE A

Table 7 Effect of other cracks on the stress intensity
factors in question
Fi = K /6wy 7 cosec 0, Fu= Kulowy ma cosec §f

(a) 0O is fixed (b) 6 is fixed
Os 61:965 Fis Fus 0. 16.6.| Fia Foa
LAY . | 45" |0.4493]0.3190
o 45: 0.3657(0.2270(145 | g0 |01 ]0.3227
90 0.3593]0.2301
oo | 80 [0-4900]0- 1504 (c)  Onis fixed
90 0.4860|0.1930) 6,,]6,-6:s] Fic Fuc
. | 75" [0.5757]|0.1079 . | 45° |0.5834{0.2538
7 90° |0.5746(0.1097 4 90" |[0.5829|0.2539
O N=11 O

Fig.5 Multiple edge cracks (6=90°, d =2.0)
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Table 8 Effect of crack length «: on Fi. F
in Fig. 5 (4 =90",  --2.0)

Py KiniOwy mas, s Kosiowy 7o

(a) w, (/356) is fixed
ai~as
as
ar~amn Fis Fus
0.80{0.5100}0.0000
0.90/0.5586[0.0000
0.95/0.5826(0.0000
1.0 1.00/0.6063|0.0000
1.05/0.6294]0.0000
1.10/0.6523|0.0000
1.2010.6959|0.0000
11
(h) (7*2l w11 =1.0
az,a4,as
ai,as,as as,arz,an| F
' . as,aio ’ IB F]]B
1.00 1.00 0.6063{ 0.0000
1.05 1.00 0.95 0.6050|-0.0095
1.10 : 0.90 0.6013|-0.0189
1.20 0.80 0.5862|-0.0369

On ZWEL, ~6o 2L X LB ERT(C)W
LR T(a)~ () k0, B XRFEOLLHO A A4
ESH T, B xHHOMEE M 0 O bh KIE
FOAEH T 2 SEDOISTHEAREAOWEIZN S H 2
ENbL, 2, TR 3 HOBERE -8

ZTLUR T, 6:=90° L85 L T X 2Wii o) ke
fﬁi Afzft%ﬁf BEORERRND,

503, (TEMEBS R B LT, SHOMEHE N
=11, XROLIHMEM =205 L ME XA 6,=90°
WKHELZZMTH S, £, PROXH B LSO x A
DS Za=101CHEL, EHBOKS s 251k
Sl 20, 2R BOISHEREROHAERS(a)
WORT, E8(a) Tk, XBEX 1090 kL T
Fiofitid 10%RIEEET 2 2 hbhm b, R, #
B(h) I, MH BT X REEx a=1.0 & 4%

L, S RRIALELSEBRTOIRBO R K
NDEEERNILOTH L. E8(b) L), Pz
KX ThiuE, XHB O FL Py ~0O B8N
K Ehbhmb,

B6 1%, (TGRS X BEEC, X ROMEN=11,

BEHOE S «=10 B LU ffj O 90° iz L

MThHsd, #£91% 60T XN 4
YIS RBIBE O VPRI o =2.0 XL

T, & XA 100 AL X8 X0hRo
EABO R Fi~NOREEHNILDOTHD
12 E AR OBI N, case 2 I3k SED A
A DRI R8BS, case 303 X AR o~ ds

S IR s~ oo /L T 28T S X B

. case 1

63

Table 9 Effect of crack distance o, on Fi, Fyy in Fig. 6
. 10 i
(a0 =1.0,60-90%) d = 21 d:10=2.0
Fin Kisioesmoa, Fug — Kusioey 7a
d Fip Fip
casel di~dio=2.0 0.6063] 0.0000
casez|d1~d¢ =2.0,ds=1.8, S| o 6140
d7 ~di10-=2.0,ds=2.2
case3 di~ds =i.8 0.6060{-0.0139
deé~di10=2.2
4 di,ds,ds,d7,dy ==2.2 0.6064| 0.014
c . .0141
ase d2,d4,de,ds,dio=1.8

dl | eeenan ds | de

dio

------

Fig. 6 Multiple edge cracks («=1.0. 0=90")

case 4 IX S WM B OREI N HICHE A8 T
L, wFhb CofEoOLibThiLL, 111%0)55’44 B
DI KFBOEIZ/ N E WS Ehbhh b,

4. # B

AR T, RO R B T 2 & <
WAy 5 Ik o€ PR O(EE SO $ o 8
EROVBIRAREYT U, £, BT E» S 55
DR S, HEAB L O RBMBELIE T ILK
RBAOREYREAN, BonEsRCLTE L
DIcE, MNO LI 2 NS M2 7,

(1) 2{dofOBEEZHOT BB 2) s 0T,
ERACTHHT 280, A BMFEESI Lk

5 EHADICNILKRFE Fia, Fla ~O %Iz, T &
TEHBORBOBED AL - TR E 5, HiC
(lﬁ—z;)»yh ThHIEERB OE X fHLHP I
&‘ﬂ:LT b P, Fia OZI3 B K THE RGN T H

L ELOBBTI%U N Th 12 (%1, 2),

(2) SHOREIES HEAL XAMMOZL W
RIS R = B (M 3) O TS 2h R (X Bpi i
i T % /th/)LL,JJFA)\M&O)fE VX, = RWTEOM
ﬂffjli N LEATD) Lf,’; SR EEAOMEO L
YN Lr)&i (& 4, 5

(3) %%Scfl?flc/)?fa%?féé leI DICBWTEH, 204,
ik, SALEmB O &, XROREEX o
DO diez2 ThHE, MAOXBOWEEAOE
b Bz, 14 % w&munm)\fw«m W,
NS EDH (T, £, BN, x 2
BB At 2 S 2T 5 %ﬁmﬁ:ﬁﬁ(kfﬁ:&f\
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