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Analysis of Surface Crack under Tension and
Bending Stress in Plate
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ABSTRACT

In this study, when tension and bending stress act on plate simultaneously, stress

intensity factor is analyzed at crack tip with using BEM(Boundary Element Method). In
this analysis, stress intensity factors(S.LF) are defined for variable ligament, aspect and

stress ratio( 07/0g ). Consequently, predicted that crack grow to depth direction at low

aspect and ligament ratio in tension stress and to surface direction in bending stress.
Tension and bending stress act on plate same time, effect of tension stress in the first
stage and effect of bending stress in the after stage was to observed. The outbreak of
secondary crack in backside is under the control of stress amplitude and predict that the
point of outbreak is near backside.

F87)%4°] : BEM(Boundary Element Method, Al 84%), S.IF(Stress Intensity Factor, &9

A5, Surface crack(ERHTE), Crack growth(ZFE44), Secondary crack(23}

4)

1. 4 2

Ha NATEEY AR, 2L - A%, @
£3 So2 A WY AP a7t
A 2718 Ok 59 AATRES B A
£ 2ol W2g ol YUE Bl g

*

ABY, A3kl 7177 g
** Zs|distal ek

daagEe ey A6 W A4 Z ppl2l~128

ounz'? magge wA 4YHAe velstn
Ag duogte) uighe £ ade AAARS
daal=*" AL Fad) 59, vagae ¥
AFdeol} RE BEFIY PFelRA 3344 3
e e FadUR RS g24® 339
FARLY HH VL wis- Fo¥ EAZ T
Ha gtk

g}, AA FEEC oMY #BA %
A AL YA A, 3 9% Fo

121



7 QlEe] @datFo] Agds A4 Ha ¥
Yoz FAl FALsh= A7t geo] dAds
A7k olel]l tiE ML mulg AAel), =,
A AAel gloixe) YL FUEFE A
o} Fa9 A% AT Ve 238 PFo
Saste] AAR QAT FFo) FAOl 28w
A s Adf 2Tule ke
2 Q8 FEde] wiwe] 2x7del HAel ¢
#5]o] LBB(Leak Before Break)®7}el 28
shedols A7 Ak

ey B @7e AALaWYe olgdetd
BAANA A% F3-eHe) T e 3
S glelA] FEADMe] SHBASY )
A 2 =) (gp/op )l TS ZH9) HAAF
& #MEn 2xdde AAEE Hsle F4
g WA $HEEAFS FHstas vt

2. 0124 HyY
2.1 BEME 085t 3x 25

AALAY &% @dsNY ¢M JFE F
i FAE F97 v A9 AR A
& AARE Aoz Agshs AAse] 4
7 ARNAAE olite) A FH dedg4
o2 AFAA FAHNEE AAe] ok

AAL AN ZNEs= 7EEEFREA Aut
A2 e Pl SE o 4Fith dukyoz vy
Ao @9 FFHo| &= ¥ Mindlin
HE AT 5 itk B AFME A Y
€ &Aoo £357] #5ld Mindlin®] HE
AH2E9 3 Mindlin®] s 983 2o Kelvin
2] #1¢} Complimental3te] Fto|d}.

UI=US+US, TY=TE+T§

AEugAe) S AHE b9 AAS %
| ¢, 99 w7t Zgae SEAS 59 94
o) BAAZ WRY & A p ol B9 FFHoel
agaie SEAE A2

o] % &EA0) Bettie] AAEE A4

u(p) = [{Us(5 Q)4(Q)
— Ty(p, Q) %;(Q)}dS(Q) (2)

+ fVE(a)U,y(mq)dV(q)

UAP, Q% TP, Q%E 71ed88 58 7|
Ao % A A% R o WAE T 4 Ak
o AAge 49 EREEe njAge) Esiel
7] WSl UR pE AANE) P2 A
e ze B4 RS AARE B
g ol FaC

T u(P) + [ To(P,Q)1(Q)ds
- fs UL P, Qt(QdS @3)

+ [ p@Usp.oav

ER 43)9 HAAHE WAMLS o)its} sy
& 23 g Yo WRHo] B el
7Fedivt 2349 8dH 84F AMESie] AA
AEPAA(Y )& o)z s

35 wn B [ TP (n IMAE) 6D

= 2‘, g tn, D) [UKP, (n, )M )& )de
+ Ci(P)uy(P) (4)

AN N :ass M aaRs TR
¢ - a4V AT AEA0)T, C, & FAW =
Aol o3 T F AU thsh B moo)
gt

(Al {X}={A}
[A] 13 xnm, 249) wleha) gutea
(X} A% (A} 1A 0, AR B4

89 A9 BANL Gauss £2AHEL o)Ll
Eok

122 .84, s, HT



2.2 SHPSe wHY'Y

BALLEE ol&¥ AHolNe) Bz e
e A% wn% 899 goz maW. of
AomyE AYNWY HE £ANNE T4 3
4 Foe AL Wb o) BAZ A2
S $ABUASe) AWl AR FleAa
AT ol AmSiglen) 1 B Ak, ds
sbg, MEEsel AERT, B ATME
QA 2234 FS AN Fol F
& g JUE 4 gone WAL olf
Stk Aude A8 Fo) AP A 71RH
Q Hesd AHeA) YT A Ash)
S8l Fae) AAghowNE K 8 78k 10
Q9 adyges Sy Wioln tee 3
Pl Athagiel oig weisldAol,

K, = —f—l— lrl_% \’ dus (5)

2.3 oMYy 3 Uy

AN Yt 828 45 47 Figld Fig.
29 YERRT. Figlst Ze) 3dsy dige
B Fdol SAde FATIEN 9L

ol 83l 1/494whe Aoz Ak 44

fAPES F4do] 2= @A) XHE Mindlin

o2 dAsta A&Ae fYAeE o Fig.
29} o] B sigith =3 B AFNA= Y

Henading Stress

| X
b 1" w
Cragk Tig _T_ p— ——
}
b ¢

A 2] FALO|E a, HolE b, HAF
Ag t, # & w2 Y9 b/a=06, 0.8,
10, 1.2 8] 47}A9) A$o] sl b/t =02, 0.3,
04, 05, 06, 0.7, 082 WHAA 71AA gy|
(or/og or og/or)8] Wsle] ng Sy
ASIF) g AALLEE ALgsle] Taginl

3. olfiMaM 3 i

3.1 A% 52 J[USHWIM FAMCIY
SHHUAIT

B A7elMY fMARe) FEE A=)
HzE st gdeln gHasd o@
Raju-Newman$¢] @#'¥¢} u|z#t 202 Fig.
3& %49, Fig. 4= FYsde dzs 77
H|Ze Aojck @ lNEn|(b/w)rt 029 Aee
Fig.3 ¥ Fig. 4014 AAdo2 & gxsim 9
T ERAH(2¢/7 =0)olNE A%AE 2fAr)s]
= AL Helu Yuk F b/w=049 Fo=
Fig. 39) 9739) 392} Fig. 49 249 A% =
T AL 029 A9 go] YXFYx|T EAA
A Q%ge) B¢ 7%, F¥Y AS 9%9] o]}
SR, 22y ojgh e Ho]HL Raju-
Newman®) ﬁan}"@r 2ol ANHF) b/wrt
02 o4 A= X7t IA wAPm AH
a3 Qo B 4o AL b/i=04 o) A
o b/w=028 dormza SHys= oztz of 4
1=

Fig.1 Shapes of plate and surface crack

Fig.2 Mesh generation of plate

Ads} Y-S v B} EAFLH 123



05 r

F=K,-J'aav'—:5

T esn oy BEM |
04 i » Resumby BEM |
;== = Faw-Newman ]
03 L\ ——— Rau-Newren J\
02
0.6 08 1
2¢/7r

Fig.3 Behavior of stress intensity factor compared

with Raju-Newman's under tension
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Fig.4 Behavior of stress intensity factor compared
~ with Raju-Newman's under bending
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Fig.5 Behavior of Stress Intensity Factor
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