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Stress Intensity Evaluation Formula for a Crack Parallel to an Interface
by + area Parameter

by

Nao-Aki Nopa*, Tsutomu Yamastrra **,

Masa-hiro Nacarsu: ** and Katsuya Ono *

sk

To evaluate arbitrary shaped defects or cracks parallel to an interface, a formula is proposed in terms of \area
parameter for the maximum stress intensity factors. Here “area” is the projected area of the defect or crack. First, the
results for an elliptical crack parallel to a bimaterial interface are considered with varying the distance, aspect ratio of
the crack, and combinations of material’s constants systematically. Second, the stress intensity factors of an interface
crack and a crack in a functionally graded material are also investigated. It is found that the maximum stress intensity
factors normalized by ./area are almost independent of the crack aspect ratio. They are given in a form of formula

useful for engineering applications.

Key words : Fracture mechanics, Stress intensity factor, Bimaterial interface, Cracks, . area parameter
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Fig. 1. An elliptical and rectangulea crack.

Table I, Maximum atress intensity factors at A or B for
an elliptical crack or rectangular crack in Fig. 1.
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(a) An elliptical crack parallel to a bimaterial interface

Fig. 2. Problems considered.

Table 11 (a). Effect of Poisson’s vation (a) when o%= o, 15 = 0 in Fig. 1 (a).
a/b 16 1

h/2b 0.1 0.4 0.1 0.4

™ 0 0.5 ® 0 0.5 ® 0.5 0.5
vy =00 v,=00]5.9439 | 1.1524 | 0.6678 | 1.7090 | 1.0857 | 0.798 |0.7243 |0.6710
vi=05v,=05|5.9443 | 1.1971 | 0.7101 | 1.7092 | 1.1316 | 0.760 |0.7563 | 0.6901
FaBlv,=00v,=05[59439 | 1.0055 | 0.6678 | 1.7090 | 1.0352 | 0.798 |0.6544 |0.6586
vi=05v;=00|509443 [ 1.3145 [0.7101 | 1.7092 | 1.1628 | 0.760 |0.8093 |0.6971
1=03v,=0315090434 |{1.1748 |0.7122 | 1.7090 | 1.1073 | 0.800 |0.7397 | 0.6800
=00 v,=0.0]3.0239 |0.0917 |-0.2210 | 0.288 0.0371 | -0.084 | 0.0513 | 0.0141
v;=0.5v,=0.5|3.0220 | 0.0800 |-0.0866 | 0.287 |0.0530 | -0.082 |0.0507 | 0.0214
FratBlv;=0.0 v, =0.5| 3.0289 |-0.0576 |-0.2210 | 0.288 |0.0119 |-0.084 |-0.0201 |0.0104
v, =0.5v,=00|3.0220 | 0.2142 [-0.0866 | 0.287 |0.0683 | -0.082 |0.1074 | 0.0249
vi=03v,=03]|3.0228 |0.0921 (-0.1519 | 0.287 |0.0446 | -0.075 {0.0520 | 0.0176

Table T (b).

Effect of Poisson’s vation (a) when o= 0, 73, = 7in Fig. 1 (a).

a/b

16 1

h/2b

0.1 0.4 0.1 0.4

Ha flqg

0.5 had 0.5 0.5

1 =00 v, =00
vi=0.5 v, =05
\Fyyat B vy =00 v, =05
vy =05 v, =0.0
vi=03 v,=03

1.2053
1.2073
1.2053
1.2073
1.2085

1.0817
1.0789
0.9625
1.1557
1.0855

0.6944
0.8240
0.6944
0.8240
0.7724

1.0950
1.0984
1.0950
1.0984
1.0994

1.0241 | 0.8540
1.0279 | 0.9277
0.9830 | 0.854¢0
1.0506 | 0.9277
1.0302 } 0.9025

0.6865
0.9058
0.6727
0.9252
0.8040

0.6456
0.8622
0.6410
0.8669
0.7600

=00 v, =00
v, =0.5 v, =0.5
Farat Av; =00 v, = 0.5
vi=0.5 v, =00
vi=03v,=03

-0.0634
-0.0325
-0.0634
-0.0325
-0.0448

-0.0616
-0.0313
-0.0597
-0.0312
-0.0435

-0.0558
-0.0289
-0.0558
-0.0289
-0.0403

-0.0606
-0.0306
-0.0606
-0.0306
-0.0427

-0.0974 |-0.0604
-0.0306 |-0.0307
-0.0604 {-0.0604
-0.0307 |-0.0307
-0.0428 [-0.0427

-0.6790
-0.4456
-0.6299
-0.4722
-0.5557

-0.6482
-0.4342
-0.6414
-0.4374
-0.5350

(b)Crack in a nonhomogeneous material
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Fig.2 (a) ODRETE A Tot=0, =0 %22 F3RE
121, BEFHOIIEIC Jarea ST A ABVERTHBZ L
EHMZIULEDZZ T, HHOBEMD2D uy/u & h/2b
DB LT FT (S BIZAC3BKE) OEAEDRT
542%. ZOHWDZZYD, wp/a =0, 0.5, 2, 0o& A5
ELUABIRYOBERIEI S T T, Wt
pe/u1 =001, 0.05, 0.1, 0.3, 1.0, Bkt a/b=1, a/b
—MIFPED Fy % h/2b = 0.1 ~o CEIMFHEIZ X - TR
B, FORR% area THBL 7-{f Fi % Table 12
K3, Table Il LEDFHID FIOMWO%FEL, a/b =
1, a/b—oo® 2 D0 Fi DYl & FVE/NE KD &
0 Fi % w/w, h/20 ODBIE U OEMRERDZ. 20
B, we/wa— 0 D h/2b — 0 TIE FrDIEA a/b 1A
T HEEPED END 720, Z OB % ua/uw = 0.3
L7z FhEYTIZR (6) & LTRT. Table Vi< Fip
SRTAEHNTEITEOIBA RV TZ DI L
EHTX 5.

FERIE (6) 13 wo/m = 0.3, h/20 = 0.1 DEH T
10% FREELIN THEBIFIRD Fr 4 8HiTE 5 L E 2 bh
%, X (6) »bE5NBE% Fig. 31TR7. Fig. 3 Tk
a/b =1L a/b >0l DFEREFICL THEMAA/ERL

Table . Dimensionless stress intensity factor Fy at B
under tension o= o in Fig. 1 (a).

[The results of p, /1,=0, 0.5, 2, 00 are shown in Ref®.]

h/2b| M /iy 0.01 0.05 0.1 0.3 1.0

7=DT, h/2b 0T F=048 (=05, & (1) ZH) L% -
T3,
1) 01=<h/20<100D& X
F =(0.839-0.703G + 0.449G? - 0.113G?)
~(0.724 - 1.463G + 0.968G? - 0.237G3 ) H
+(0.504 - 1.048G + 0.709G? - 0.172G% ) H’*
~(0.117 - 0.246 G + 0.169G2 - 0.041G%)H* | (6)
ZZT H=h/20,
{0.3 su/m =10 DL ¥ G= o/
10spp/in=o DLx G=2-w/u
(2 h/2b>1.0 DL X F1=048 (=0.5)

4 FREICFITLEZEHIPICARES T 2580
- PNUVAL TN

Fig.2 (@) T, 05=0, =122\ T & HilaR LD & Fkk
KRBT TE 5. Fig 41X /=0, oDk X,
Fr (RBICEUB®AM), Fir (HAIIZAET b5KH)
& h/2b OBRERT. —H Fig. 53 e/ = 0, coD &
&, Jarea THHELI:Fy, Fu ORKEE h/2b OBIR
AN, MiEELNS & Fy, Fy, Fild Fr, Fylclx
TEHPRILICABUETH O, FROFEHIZBHE IS Z
Enbnd. BlAEFr& FiTalb =1& a/b—oDfl
DIZHEHT % & Fr Dk =0.7140 ~ 0.7991 123 LT Fyy
DI = 1130 ~1.269 = 1 TH 5 (Table VEIR). —77,

Table V. Dimensionless stress intensity factor Fy at B
under tension o7= o in Fig. 1 (a).

[The results of w, /1,=0, 0.5, 2, 0 are shown in Ref®.]

a/b=1 |1.5526 1.0869 0.8826 0.6352 047818
0.1 —>o0 2.0283 12166 0.9444 0.6494 047287

h/2b| My /1 0.01 0.05 0.1 0.3 1.0

[1}/[cc] |0.7655 0.8934 09346 09781 1.01123

a/b=1 10.9372 0.8263 0.7417 0.5953 047818
0.2 —>00 1.2656 1.0075 0.8492 0.6243 047287

a/b=1 |0.6357 0.3380 0.2141 0.0796

" 0.0000
0.1] = |09174 04067 02459 = 0.0894

[1]/[>] |0.6929 0.8312 08406 0.8909

CJ[1}/[e] ]0.7405 0.8201 08734 09526 1.01123

a/b=1 |0.7282 06854 06463 05621 047818
0.3 —>00 09479 0.8401 0.7542 05995 047287

a/b=1 ]0.2382 0.1774 0.1321 0.0566 0.00000
0.2 —>c0 0.4100 0.2690 0.1848 0.06713 0.00000

[1]/[ec] |0.5809 0.6595 0.7146 0.7934

[1)/[ec] |0.7682 0.8159 0.8569 0.9376 1.01123

a/b=1 ]0.6327 06110 0.5895 0.5377 047818
0.4 —>00 0.7927 0.7352 0.6836 05760 047287

a/b=1 [0.1150 0.0947 0.0763 0.0375 0.00000
0.3 —>00 02162 0.1653 0.1252 0.0549 0.00000

[1]/[es] |0.5319 05731 06095 0.6821

[1]/[oc] }0.7982 0.8311 0.8623 09335 1.01123

a/b=1 |0.5808 05679 0.5547 05209 047818
0.5 —>00 0.7040 0.6683 06342 05564 047287

a/b=1 [0.0634 0.0543 0.0462 0.0242 0.00000
0.4 —>co 0.1293 0.1055 00843 0.0407 0.00000

[1]/[ec] }0.4902 05148 05479 05938

[1}/[ec] |0.8250 0.8498 08746 0.9362 1.01123

a/b=1 [0.50058 0.49821 0.49567 0.48856 0.47818

1.0| = [054771 053908 053006 0.50586 0.47287

a/b=1 ]0.0977 0.0329 0.0280 0.0156 0.00000
0.5 —>00 0.0836 0.0705 0.0579 0.0299 0.00000

[1]/[oc] |0.4512 0.4669 04837 0.5231

[1}/[e9] [0.91395 0.93512 093512 0.96574 1.01123

a/b=1 1048170 0.48095 048095 0.47984 047818
2.0 —>co  ]0.49360 0.48912 048912 0.47259 047287

a/b=1 [0.00509 0.00454 000397 0.00236 0.00000
1.0| —= [0.01684 001490 001287 0.00742 0.00000

[1]/[cc] [0.30199 0.30498 030881 0.37469

[1]/[ec] [0.97589 0.98330 0.98330 099426 1.01123

a/b=1 [047818 0.47818 047818 0.47818 047818

o) ->c0  10.47287 0.47287 0.47287 0.47287 047287

a/b=1 [0.00043 0.00038 0.00034 0.00020 0.00000
2.0 ->00  10.00252 0.00226 0.00198 0.00118 0.00000

[1]/[oc] [0.17003 0.16983 0.17100 0.17155

[1]/[e<} p.01123 1.01123 1.01123 1.01123 1.01123

a/b=1 [0.00000 0.00000 ©0.00000 0.00000 0.00000

(o5 —>co  |0.00000 0.00000 0.00000 0.00000 0.00000

[1}/[o9]
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Fig. 3. Values of equation (5) useful fora/b = 1. (v=0.3)

Fn& FirTa/b=1%a/b=1/16 DIEDOHIZHEE T % &
Fir O = 0.4133 ~ 0.5709 (2% UC Fiy Db = 0.6565 ~
0.9069=1 %71 (Table IBM), Furid us/m — 0,4/2b
— 0 TR a/b ISIRTE T AMEBEAR R AR E N & 2345
25, RIZFridalb = 1a/b —olZ DWW TOFEWE A
W, Frrida/b = 1,a/b = 1/16 1IZDW T ORI & FILC
BANEREIZKO Fy, Fm % ue/w, /20 OB E LT
ERRERD =, ZhEM TR (), @ & LUTRT.

1) 01<h/20<10DE %
a/b=1D k&

F;=0.628-0.267H+0.216H? ~ 0.055H3

~(0.113 - 0.274H + 0.222H? - 0.057H°) G (7)
13 T T T T — 1.3
a/b=1
05 L a/b=1/2 2 o5
Fn ] F]
a/b-1/16
o r o
Fﬂ
-0.5 L/ 4-0.5
-0.7 L . -0.7
0 1.5 2 2.5

h/2b

Fig. 4 (a). Variation of F;, Fiy at B when u2/u1 = 0,
v, v2 = 0.3 under shear 75, = 7in Fig. 2 (a).

1.2 —rr : — —r ~0.24
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A 1
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08 oS s 1%
AN a/bz 1

Fy ‘\:\vpaﬁ;-%/z ] F
S S alb-1/i6 ]
S RN alb=-1/16 ]

0 :_ PR e S P 0

Fy ——

r Fooooe- ]
-0.3 L . 1 L 1 0.06
4] 0.5 1 1.5 2 2.5
hi2b

Fig. 4 (b). Variation of F;, Fyy at B when p/ 1 = o,
v, v2 = 0.3 under shear t3; = 7 in Fig. 2 (a).

a/b = 1DE&ZE
Fp = —(0.697 - 0.607G + 0.438G> - 0.114G®)
+(1.016 - 2.465G +1.829G? - 0.462G°) H
~(1.437 - 3.635G + 2.751G? - 0.689G? ) H 2
+(0.848 - 2.203G + 1.691G? — 0.424G°)H
~(0.175 - 0.463 G+ 0.359G> ~ 0.903G® ) H*
ZZTH=h/2b,
00=pp/uy <10 DEE G= o/
{1.05 upfur s DEEG=2-pwfus
@ h/20=100k%
a/b=10D& % Fr=052 (=0.55)
a/b=1D& & Fy=043 (=0.45)
A7) (TEAHRHE TFE 13% FRELINT, X @)IEH
HiFE TRRE 17% FRELIAT, HEBREZO Fy, Fuh
FHlicxsLeEZLNE. X7, @»6BohsfEs
Fig. 6 & Fig. 7 122N ZHIURY. & h/2b > T, Fji-
0.52 (=055, & (2) M), Fir =043 (=045, & (3)
M) LEZOBERTY VHvi=w=03 L LTHRITLT
WHEDTHS. K, BAMIBH GIck-TELS Fy
DOffiE Fig. 4, 5 IR T LI T EHRREISTWEE %
BT RN X,
5 REZHORKBHABRFBE
Fig. 2 (@ Th—~ 0IZHYTHIREEHD H BIZHIT
BERAIBIERFREII T TEHZRINS,

®

: Ki+ify (7 \*
O+ 0T — - r=y-b—>0
Nerwr \2a) ( )
1.3 T T T T T 1.3
- b=
! %2-; J !
a8zl 1
05 |- 3 05
FH* F*
alb-1/16
0 -*‘g;i;-:s=““"“““““"‘"““‘““" - (o]
A —
t / \a/b-l I
0.5 alb-2 B +4-0.5
0.7 . ] Low . -0.7
0 0.5 1 1.5 2 2.5
hi2b

Fig. 5 (a). Variation of F}, Firat B when uo/p = 0,
v, v2 = 0.3 under shear 73; = 7in Fig. 2 (a).

; . . . 0.24
F -1 0.2
alb=1/2
3 arb-1
b argzd
E/" =4 0.1
Le—E -
had alb= ]
WX _alb=1/2
3. alb-1716
srre
RS et T SITEEIE. (o]
F—
Fo----- ]
. . ! L J0.06
(X 1 15 2 2.5

h/2b

Fig. 5 (b). Variation of F7, Fj; at B when p/u: = 0,
vi, v2 = 0.3 under shear 7; = 7in Fig. 2 (a).
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Fig. 4 (¢). Variation of Fyr at A when uz/u; = 0,
v1, v2 = 0.3 under shear 7, = 7in Fig. 2 (a).
0 T T r T T
]
0.2 - ]
-0.4 ]
Fy 1
-0.6
_0'8 -
-1
0 0.5 1.5 2 2.5

h/2b

Fig. 4 (d). Variation of Fyr at A when uz/u; = ,
v1, vz = 0.3 under shear 73; = v in Fig. 2 (a).
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alb=1 1
-1 [k alb-1/2 ]
a/b=-1/16 b
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-1.6 ! 1 I 1 ]
(] 0.5 1 1.5 2 2.5
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Fig. 5 (c). Variation of Fjy at A when s/ = 0,

vi; v2 = 0.3 under shear 13, = 7 in Fig. 2 (a).

2.5

0 S — —
-0.2 : :
0.4
Fp
/b=
0.6 - albo3
alb-1 ]
: albo1/2 1
ol a/b-17i6 E
R L 1 L L | ]
0 0.5 1 15 2
h/2b
Fig. 5 (d). Variation of Fiy at A when uz/u; = o,

v, vo = 0.3 under shear 7; = 7 in Fig. 2 (a).

Table V. Dimensionless stress intensity factor Fi, Fir, at B under shear T = 7 in Fig. 2 (a).

Fy F,
h/2b a/b e =0 |2/ 1=0.5 |2/ 1=2.0| L2/ H1=00 ’u.z/ Mr=0 |Mf U1=0.5 L2/ U1=2.0| U2/ r1=00
1716 0.091 0.089 0.085 0.008 0.0428 0.0471 0.0402 0.0463
172 0.647 0.571 0.496 0.440 0.5779 0.5103 0.4428 0.3929
o1 1 0.8827 0.8040 0.6995 0.6131 0.6630 0.6036 0.5254 0.4605
: 2 1.098 0.9745 0.8256 0.7026 0.6935 0.6155 0.5215 0.4438
00 1.2085 1.0855 0.9210 0.7724 0.5715 0.5133 0.4355 0.3652
a/b=1)/(a/b=w)| 0.7304 0.7407 0.7595 0.7938 1.1601 1.1765 1.2064 1.2610 ©
1/16 0.0870 0.0870 0.0863 0.0858 0.0411 0.0411 0.0408 0.0405 Ty >
1/2 0.5777 0.5508 0.5108 0.4746 0.5160 0.4920 0.4560 0.4238
0.2 1 0.8161 0.7750 0.7228 0.6700 0.6130 0.5821 0.5429 0.5033
: 2 1.018 0.9402 0.8518 0.7649 0.6430 0.5938 0.5380 0.4831
>0 1.1830 1.0501 0.9484 0.8384 0.5358 0.4966 0.4485 0.3965 a
a/b=1)/(a/b=x)] 0.7203 0.7380 0.7621 0.7991 1.1441 14722 1.2105 1.2694 B
1/16 0.0863 0.0865 0.0865 0.0868 0.0408 0.0409 0.0409 0.0410
1/2 0.5430 0.5355 0.5249 0.5125 0.4851 0.4781 0.4687 0.4579 v
o5 1 0.75741 0.7573 0.7409 0.7243 0.5831 0.5688 0.5565 0.5440 v
: 2 0.91748 | 0.9142 0.8780 0.8423 0.6054 0.5774 0.5546 0.5320 »
->00 1.04325 | 1.0259 0.9745 0.9188 0.5142 0.4851 0.4608 0.4345 X
a/b=1)/(a/b=w)] 07140 0.7382 0.7603 0.7883 1.1340 1.1725 1.2077 1.2520 < -
W
1/16 0.0865 0.0865 0.0865 0.0868 0.04090 | 0.04090 | 0.04000 | 0.04102 ”
1/2 0.5325 0.5310 0.5208 0.5287 0.47567 | 0.47435 | 0.47327 | 0.47226
”0 1 0.75046 | 0.74940 | 0.74857 | 0.74781 | 0.56369 | 0.56289 | 0.56084 | 0.56170
: 2 0.89980 | 0.80658 | 0.80455 | 0.80247 | 0.56833 | 0.56647 | 0.56501 | 0.56370
00 1.01410 | 1.01410 | 0.99603 | 0.98776 | 0.47354 | 0.47484 | 0.46711 | 0.46708
a/b=1)/(a/b=)| 074003 | 0.74630 | 0.75155 | 0.77140 | 1.17548 | 1.18543 | 1.10381 | 1.20258
1716 0.0865 0.0865 0.0865 0.0865 0.04090 | 0.04090 | 0.04090 | 0.04090
1/2 0.5304 0.5304 0.5304 0.5304 0.47678 | 0.47678 | 0.47678 | 0.47678
. 1 0.74807 0.74907 0.74907 0.74907 0.56265 0.56265 0.56265 0.56265
2 0.89565 | 0.89565 | 0.89565 | 0.89565 | 0.56571 | 0.56571 | 0.56571 | 0.56571
->00 1.00000 | 1.00000 | 1.00000 | 1.00000 | 0.47287 | 0.47287 | 0.47287 | 0.47287
a/b=1)/(a/b=w)| 0.74907 | 0.74907 | 0.74907 | 0.74907 | 1.12086 | 1.12086 | 1.12086 | 1.12986
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Table VI. Dimensionless stress intensity factor Fyy, Fi, at A under shear T =7 in Fig. 1 (a).

7
Fo Fy
h/2b a/b Mof L1=0 | of H1=0.5| 2/ L1=2.0| Mof m1=00 | of 1=0 | iof 1=0.5| 2/ 41=2.0| M2/ p1=00
1/16 -1.579 -1.109 -0.8986 -0.7738 -0.7467 -0.5244 -0.4249 -0.3659
1/2 -1.052 -0.8150 -0.6841 -0.5899 -0.6645 -0.5148 -0.4321 -0.83726
01 1 -0.6526 -0.5557 -0.4955 -0.4413 -0.4802 -0.4174 -0.3722 -0.3315
’ 2 -0.3676 -0.3274 -0.2996 -0.2705 -0.3284 -0.2924 -0.2676 -0.2417
>0 -0.0448 -0.0435 -0.0420 -0.0403 -0.0212 -0.0206 -0.0199 -0.0190
(a/b=1) /(aib=1/16) | 0.4133 0.5011 0.5514 0.5708 0.6565 0.7960 0.8760 0.9060
1/16 -1.287 -1.066 -0.9233 -0.8220 -0.6086 -0.5041 -0.4366 -0.3887 ryz—_‘)
1/2 -0.9048 -0.7856 -0.7042 -0.6382 -0.5715 -0.4962 -0.4448 -0.3999 y z
0.2 1 -0.6033 -0.5443 -0.5057 -0.4693 -0.4582 -0.4088 -0.3798 -0.3525
’ 2 -0.3509 -0.3232 -0.3041 -0.2842 -0.3134 -0.2886 -6.2716 -0.2538 b
—>00 -0.0483 -0.0429 -0.0426 -0.0421 -0.0205 -0.0203 -0.0201 -0.0199 a K
(a/b=-1)/(a/b=1/16) | 0.,4688 0.5106 0.5477 0.5709 0.7447 0.8110 0.8699 0.9069 4
1/16 -1.079 -1.016 -0.9607 -0.9103 -0.5102 -0.4804 -0.4543 -0.4305 iz
1/2 -0.8033 -0.7599 -0.7270 -0.6957 -0.5074 -0.4800 -0.4592 -0.4394 Y1 y
05 1 -0.5523 -0.5321 -0.5169 -0.5028 -0.4148 -0.3997 -0.3883 -0.8777 v, /P >
! 2 -0.3309 -0.3183 -0.3088 -0.2995 -0.2956 -0.2843 -0.2758 -0.2676 2
->c0 -0.0428 -0.0428 -0.0428 -0.0427 -0.0202 -0.0202 -0.0202 -0.0202 x
(a/b=1) /(atb-1/16) | 05119 0.5287 0.5380 0.5523 0.8130 0.8320 0.8547 0.8774 < L‘”
-
1/16 -0.9955 -0.9904 -0.9851 -0.9851 -0.47074 | -0.46833 | -0.46583 | -0.46583 ”
1/2 -0.78045 | -0.75365 | -0.73285 | -0.71312 | -0.49294 | -0.47602 | -0.46288 | -0.45042
20 1 -0.52529 | -0.52451 | -0.52391 | -0.52336 | -0.39456 | -0.39397 | -0.39352 | -0.89311
' 2 -0.31468 | -0.31874 | -0.31301 | -0.31234 | -0.28109 | -0.28025 | -0.27959 | -0.27899
—>00 -0.04287 | -0.04281 | -0.04276 | -0.04270 | -0.02027 | -0.02024 | -0.02022 | -0.02019
(a/b-1) /(a/b=17/16) | 052766 0.52959 0.53183 0.53128 0.83817 0.84122 0.84477 0.84389
1/16 -0.98780 | -0.98780 | -0.98780 | -0.98780 | -0.46710 | -0.46710 | -0.46710 | -0.46710
1/2 -0.74290 | -0.74290 | -0.74290 | -0.74290 | -0.46923 | -0.46923 | -0.46923 | -0.46923
- 1 -0.52427 | -0.52427 | -0.52427 | -0.52427 | -0.39379 | -0.39379 | -0.39379 | -0.39379
2 -0.31335 | -0.31335 | -0.31335 | -0.31835 | -0.27990 | -0.27990 | -0.27990 | -0.27990
—>00 -0.04279 | -0.04279 | -0.04279 | -0.04279 | -0.02023 | -0.02023 | -0.02023 | -0.020283
(a/b=1) /(a/b=~1/16) | (,53075 0.53075 0.53075 0.53075 0.84305 0.84305 0.84305 0.84305
by > S * 3
065 e e . - FA R EHT po/w < 0.3, h/2b — 0 T FrOffin & 5
> .
b b ) - NS
oo z OMRIGATS BIERABD NS, UL, Rl &2
0.6 Myl iy =0 q .
N /=02 b (Fig.2 T h/2b=0) Tl a/b=1 & a/b = Dk - 0.996
r Hyl py = 0. =
055 - Wl iy =10 As hidb—>w, a /B' ~1.011=1.0 %D, LLAITA-ZTRIBH XN
F % [ F; - 052 (=0.55) I - .
)] [ 5ZEhbhrb,

I o —
-0.35F Aol fh =50 E 4
ol =20
[=10 As hi2b—co, ]
-0.4¢ = # Fy—043 (a045) b

-0.65 L 1 L 1 L

£

0.5 b ER IS y
“2;“1 = ;g Uy, vy
r W=D J
0.45 g X

-0.45[ 3
A I
-0.5F 114, =05 1 1hw
=02
-0.55- 17 =00 1 sy, /P
-0.6F ERbY

U B
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WO ST U0 VO VT T S
15 2
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Fig. 6. Values of equation (8) usefulfor a/b = 1. (v=0.3)
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Fig. 7. Values of equation (9) useful for a/b<1 (v=0.3)

SR UR T SR Ko 1 2 Ay (=
_2ﬂln{ﬂ1+ﬂ2:]/[#z+u1]’ K =3-4v,(/=12)

Table IIZRT X312 a/b =19& a/b >0 0L DfER

i area TEETAE LR L TED ZOEHENEH
THHZEenbhrsd, Hib, 3HETHRANZLSIZHmIC

6 {ARHEBEM IR DO ERHOR KIS HILEARE

TEFHEREA R R D X 2D\ T Erdogan 513% { O
MaT>TOB 0B UL, 2Rt 2 XocHRE &t
PREREICERE 2T b, FEFEOXKMR@IE 3 TN TH %
72 DFJADFHGNBE L H 5. % 2 TRIFETIE
Fig. 2 (b) Ta/b=1V%, a/b >0 DOEIRIN TS
ZEIZHFEBLT Jarea /35 XA — 4 DFXMUEERT 5,
Table MiZiZ7ZH 2RO a/b =1, <DFERE a/b
=1&a/b=oDERY. O (a/b=1)/(a/b= =)
% Fr & FiCHEST B L Fr ClREFDIA 157 ~ 2.16 D

Table I. Interface cracks under tension when %/2b — 0

in Fig. 2 (a).

& 0.00 0.07 0.15

K, a/b=1 0.637 0.634 0.627
W —>00 1.000 1.000 1.000
arB (a/b=1)/(a/b=00) | 0.637 0.634 0.627

K, a/b=1 0.000 0.106 0.228
T —00 0.000 0.140_ 0.300
@B [ (3/b=1)/(a/b=0) 0.757 0.760

K, a/b=1 0.478 0.476 0.471

oz n‘fmat —00 0.473 0.473 0.473
(a/b=1)/(a/b=00) | 1.011 1.006 0.996
K. a/b=1 0.000 0.0796 0.1713
G i, —c0 0.000 0.0662 0.1419
(a/b=1)/(a/b=00) 1.202 1.207
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Table V. Dimensionless stress intensity factor Fy, Fj, Fi, FjatBinFig. 2 (b). — —
ab 0.0 0.1 0.25 0.5 1.0 2.5 5.0 T T T T T o, =0
z
a/b=1 1.000 1.008 1.036 1.101 1.258 1.808  2.869 = pg”

F, —>00 0.637 0.638 0.644 0.661 0712 0.918 1.326 2
((a/b=1)/(a/b=o0)) | 1.570 1.580 1.609 1.666 1.767 1.969 2,164 % 2 )
a/b=1 0.000 0.026 0.065 0.129 0.263 0.697 1.567 2a 0 y y

F, ->00 0.000 0.011 0.026 0.053 0.107 0.280 0.611 /' Ho
((a/b=1)/ (a/ b=00)) 2.364 2.500 2.434 2.458 2.489 2,565 ,

X
a/b=1 0.473 0.477 0.490 0.521 0.595 0.855 1.357 . }

F,' ->00 0.479 0.479 0.484  0.497 0.535 0.690 0.996 o, =0 l i v l i
((a/b=1)/(a/b=00)) | 0.987 0.996 1.012 1.048 1.112 1.239 1.362 | L .
a/b=1 0.000 0.0123 0.0307 0.0610 0.1244 0,3286 0.7410

E 00 0.000 ©0.0083 0.0195 0.0398 00804 0.2103 0.4589 |F =K, /(orvnb) F =K, /(cz"“\/n\/area)
((a/b=1)/(a/b=00)) 1.482 1.574 1.533 1.5647 1.567 1.615 Fp =Ky /(G:Jﬂ:b), Fﬂ‘sKHrmx /(ojw’m,area)

HEIZHZDI LT, Fi CIREFDOMBIFEAEDRE
120.99 ~ 1.36 DHFFIZ & - TR OFE D BN &
WZE2ga b, Thabbeke UL Fr Ol a/b D
ZEARIT U TGS E 5> TR D Jarea 12 & 5578
BERTHBZE»brsb, EFHEEEEIF O 2 kT =
D% < OIS Erdogan 612 & > TR SN T3 W,
FNE % Jarea /37 A — 2 TS B I LIZE-T, 3K
TLEHOFHMMNTEETH 5.
7T %

EEEAREIHTICHEET S 3002 HOME%
Fig. 2 (a) ZMBORMIMELL po/wy, EF & FiE & OFERE
h/2b, EZUBIRI a/b A ICEL 2T, FORIE

il

KEBORAEEER Lz, TOBRUTOZ EMNHS

IR Y

(1) Fig.2 @ Tor=0, %=0DT— F IIEHikEkH
BOBKIEE Jarea % PV T U7-(8 F1i%, 23k
WZBH 59 h/2b, po/wm TIEIFREINS., 22T
BEROZHORKICHILARK 25 254X (6) 2%
L7,

@ o07=0, g=tDrEDT—F1, ISHIEKRE
DEKIE % Jarea & PV TR U=l Fiy, Frrld, %
RIS D ST, h/20, wo/m TIERIFWE S NS, £
I THRBIBIRD EHDORRIGHIERRE &2 52 5K (7)
ERX @) FREL.

(3) AESLTIIEHDOFEN D 7= DEHEX )~ Q) %
pe/pr & h/2b DADBEEK & L TRD 2, ZOED
we/w = 0.3, h/2b = 0.1 DFFHTKRT v VIR LT
£12%, BIK - MORHEAA DI LT 10 ~ 17% F2E T
b5, & LERRAEERT Y v HRTBRILOB L LTk
BiL, FEEOm LSO WEETH 5.
F72, KX TIIRMEISE L TRAL &S E— FOFE
iR DALRR U722, MBI EM R EREE CIRRE
E—- FIREEL B BDT, fhoE— FOWER & HEETHE
ThH5,

@) FEIPTEERT w/wm < 0.3, /20— 0T
E DN EHORIKATF T AEF 232D 6B DIZH LT,
= O IR % Jarea TEEET 2L, a/b =

1&a/b=0oDt =099 ~1.011=10&%0D, B/20=0
DOREEHDERIZI LA Jarea 7§77 4 — 82 TR BH
Sh, IR OREIL/N X0 (Table ).

(5) EFHSBEMRI RO XDV TEERL Jarea /§
T A= ADFHBEICDONTRU 2, ERHEEEM R O 2
KICEHDE L OREED Erdogan 512 % - TR ST
WBBR FNEE Jarea /ST A —ZTIHWMT BT LIS
&oT, 3RTCEHOFHE AT TS 5.
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