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Stress Intensity Factor in Two Bonded Elastic Layers
with a Single Edge Crack

Nao-Aki NODA, Kiyomi ARAKI and Fazil ERDOGAN

In this paper, the plane problems of a single edge crack in two bonded elastic layers and in an
elastic surface layer bonded to an elastic semi-infinite plane are analyzed by the body force method.
The stress fields induced by a point force and a displacement discontinuity in two bonded elastic
half-planes obtained by Hetenyi’s solution, in other words, Green’s functions in closed forms, are used
as fundamental solutions to solve those problems. The boundary conditions for stress free-edges of
the layers and the crack surface are satisfied by superposing the distributed fundamental solutions
and adjusting their densities. The stress intensity factors are systematically calculated for the
various geometrical conditions and the various stiffness ratios of the layers.

Key Words: Elasticity, Composite Material, Stress Intensity Factor, Body Force Method, Bonded
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C/hl C,/hl
6 —HSIRYICBIZZBEESRD F(hf/h=3) 8 EAHEIFIZBT 2 ZEBEARD F(h/h=3)
3.0 Oyel Oy T T T T T 3.0 T 1
F e T E,/€,=0.0 E2/E1=1/3 E,/€1=0.0
i ] E2/E1=1/3
2.0k E/E=1.07 20 o
Fi
“.0 A‘.0
-
L Fi=Ki/oyne/TC Fi=Ki1/gs/mC
L 0Y1-=E2/E1'OY‘- Jo=0yimfr=-h,
vi=v;=0.3 ] V1=v,=0.3
Plane Strain N Plane Stra1n
0.0 O 1 0. 2 0.3 0.4 0.5 0 6 O 7 0 8 O 9 1.0 0.0 0 1 0 2 0 3 O 4 0 5 0 6 O 7 O 8 O 5 1.0
c/h c/hy
Bl 7 —H3I|N BB Z_BEERD Fi(h/h=1) B9 BmMAMITIZET 2 RBESKEO F(h/h=1)
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1108 FREEEET 2 Y EROICTEREE

T hof AL SR IBED R 2RL T3, &3
RHMEREEYI > BE, HBH5BERKETN
i, BOERHOBI L > TEHERFREERBE L F
ficzs,
FEoE2BORER(25), (26) 1277
Fo=aFioo+t BFieo (—H5IRD @%‘3)}
Fo=aF.o (ERHITOBE)

ZZTa, Fio, Fico, 6, B ISLATOLBD TH B,
12120, A=c/H, B=11215TH 3,
a={(E\/[E)h+ ho} [H, Fop=p/3VA(1-4)?

Fo=F\ =iy
—B(B\/P—zi ~05 )y )

6l
B+ e)H?

# 6 BFM & BEM OATEROLEK (ZBHEAR)

e AL
+0Yie Oya

c/H BFM BEM Deep Crack Ailaaziass
0.303 | 3.561 4.093 2,952 D
0.305 | 3.451 3.992 2.961 2 oM |
0.307 | 3.386 3.927 2.971 L

0.31 | 3.330 3.821 2.986 |

0.315 | 3.282 3.785 3.012 .

0.32 | 3.261 3.745 3,038 "~ o
8'35 g.gm 3.801 3.212 .

. .613 4.113 3.571 “Im:r:
0.6 6.453 6.451 ";,‘ Oy
0.8 18.45 18.49 €76, =1/2
0.9 52.76 52.87 V1=v,=0. 3

Plane Stress

ﬁ 7 *ﬁ‘?lf’rﬁ‘? l:fa‘b\ézgﬁéf&@ E(hx+h2:H)

BFM Deep Crack
E2/Ey /3 3.0 1/3 3.0
ho/hy c/H

0.5 0.8 34,01 4,526 34.13 4.565
1.0 0.6 11.10 1.701 10.94 1.738
2.0 0.4 5.444 1,019 5.246 1,092
3.0 0.3 4,072 0.868 3.853 0.975
4,0 0.24 | 3.466 0.807 3.237 0.951

# 8 EHHMTCBII2 _BHESKRD F(h+h,=H)

BFM Deep Crack
E,/E, 1/3 3.0 1/3 3.0
h /h, c/H

0.5 0.8 10.25 1.961 10.29 1.977
1.0 0.6 4,203 0.811 4,133 0.827
2.0 0.4 2.899 0.583 2.788 0.635
3.0 0.3 2.602 0.562 2.476 0.661
4.0 0.24 | 2.461 0.568 2.336 0.717

Be=3a{H ~2(h+e)+c}/H?

5 % -

BRX T, FIER*F T2 _BHESIKO %5
BD L ENETIC BT 3 ERTTOCTEARKIC OV
TEMER LB T 2EBNPO—HEFTNB L UR
BOBER T 2BEDIET135% Hetenyi DfEL D X
& AL L THRRNDZKICL > THRIFL:., BR%E
FEDBELUTDE OB,

(1) ZHERX, ROWMML, BEE2RENCE
LS _BEERDOICILERREERE L (Ko, B
SNIHERERI~8 LHS~11 i LT,

(2) H—MELTHEL -BEOERIZ, Kaya-
Erdogan @ HIEM iZ X 2 #5R L3RZE 0. 15% AN T —
BU, &/, EMHASE T2 3B BROK2HD
BRE Gecit DRBRMAABAZIC L 2R IE, BE
2% IR TR L 72,

(3) EMER*REL 2 2HOEHERFREIL,
FOEHOBERAOTHRIOEE S (FETE 3,

" T T T T T 0 T 7
Tyie_Opte -
L Fi=Ki/0 /e ]
Oyim=f :-r——‘
10.0r—-| vf.v,.o‘,/% T ing
. c=1.2h1 T
r Plane Strain g 8
F1 rl \\_J 7
r -
s.o—l \ - 4
r £,/6,=3.0 7
J I L 1 1 L | ! I
2.00.2 1.2 2.7 3.7 a0
n, "
B 10 —5IED I8 _BMEEED Fi(c>h)
6 T j T ' T I T —’<
0k 1 LI
Fi=Ki/go/Tc —
! Co=CTyimlxa-h L)} L
5.0} Vi=vy=0, 3 |
L C’].Zhl -
4,.0F ¢ Plane Strain ol 4
T
130

2.0

R

11 ®EAREFICB T2 Z—BEEERD F(c>h)

—- 88 —
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FRIzR*E T3 _BEAROEHERER 1109
1.016 T T T T T T T T T 1.006 T T T T T T T T -
i ] i \foeep Crack ]
1.010 4 vooob\ N
I Tada Deep Crack 1 % E
- / - - -
s I Brown E § = 4
g / {1 § I ]
? 1,000 - M L . = — 0.990 B
— " I ]
%— v j :‘— - F 'K[/G: e J
* s Fr=ky fan/Tc | L Go=M/H’ ]
| 0o =P/H ] L k
0.990 - 0.980@— -
- g I p
1 ] 0 9'4& ! !
L B T 1 1 1 L L .97 . . : : :
0'95!40.0 0.5 1.0 0.0 0.3 7.0
C/H ,“41

B 12 BH—-HO—#K31RY 51 5 AMROBRETE

IBhE, TR VI UNKE - BRIMERIR,
SN THEKRF - REBEERICO»S5BHLHRL T2,

k] #

Frifl x B H T 2 R~ O IC IR FREGE IR
DEEFM 4 1B LI AR
HIEM 2 & 3858 i, EZE0.15% N T~ L
TEY, #REBRZICAVSATLIAEMRDOEBES
FET LM TES, LEREELIEBR 2R
Q2N~@2 Ry, 12 :® 1313, 2hFh—HE5]
|, @R ICBIT 2EMROR E BT R Ot %
~L T3, Brown ORI, EABE ¢/H=06
TH2DizL Tada DL, HHBEEL 2 HWE
S2WEATH S, KRV DOEAOBKEZENR, &
EMRT /HS01 DFEOEZIIB O TH0.6%TH
%, £-EANTOHE Tada DEEIRIZ, 2% %8 2
LEENBH >N S, —F Brown ORI, EAEY
FOB\EIC LT IEEH &L,

(a) EHT—H3IERD 2RI 258 (e=PH,

P 3515 H]
F=1.12-0.231A+10.554*—21.724*+ 30.394*
0§/{§0.6(BI‘OWH“5)) ........................ (27)
F'zv’/%ta“%/l
% 0.752+2.02A+0.37{1 — sin(7A/2)}®
cos(mA/2)
0SAS1.0(Tadal!®) ceeeeeerversrunennennianns (28)
2 (/1 2
r=FlV m=ia=n B(BVJ"M 05)

REtes AL Ew i)

13 H—-HoEmhiFic B8 2R 0REE

(b)

(BB ZBUDRE) -+ voevvveermveennemnineannnnanns (29)
EATHENE S 220 288 (0=6M/H?

MizthiFe— 2 b
Fi=1122-1.40A+7.334*—13.084*+14.04*

F

I

IASARD:

0SA<0.6(Brown’®) -eeeereseereseerunnnns (30)
_ 2, aA 0.923+0.199{1 —sin(7A/2)}*
~¢~Htan 2 cos(mA/2)
0SAS1.0(Tadal™) - oovereerevemmiveimnunnns (3D
=4/3/A1-A)

(BN EBYDRE) -ovvverrmmrenarenn, (32)
, A=c/H, 8=1.1215 LT\ 3,
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