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Extension of a Crack Yielding on Two Slip Planes
under Anti-Plane Condition

by

Masayuki Tova
(Faculty of Engineering, Kyoto University, Kyoto)

A study has been made on the extension of an elastic-plastic crack under the condition of anti-
plane strain and small scale yielding. Two idealized slip planes, inclined to the crack at angles
+ Bz, are assumed to emanate from the crack tip. The crack extension is represented by a branch
emanating from the tip in the direction of the original crack. The process of crack propagation
consists of two stages. Initially, in the first stage, the length of the slip lines increases with an
increase in crack length, since further loading occurs on the slip lines. In the second stage, unloa-
ding takes place so that the slip line length remains constant during the propagation. The relevant
stress functions were obtained for both stages using the complex variable method. The stress inten-
sity factors were then analyzed. It was found that the fracture load is almost the same as that of a
Griffith crack and that for both stages crack extension is unstable, 7. e, fracture load decreases as

the crack extends.

(Received Feb. 24, 1982)
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(a) Initial crack model.

(b) Loading crack model, zy’s'=1o is
imposed on the slip-line.
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{c) Unloading crack model, y’y is

lower than zo.

Fig. 1. Schematic picture of the crack
extension model.

=D EF AT D L I LRHTIRETR TT - .
FROBOEETINEBER LI LD, T
DEOE R LIRS o E#EOT bhie. ETC,

s, TRVEoRY, XA LT
2B=T70° LT EFEFOTHRETF L EILSHIGTHC

Lavnshie. Bz E ty./re REEGIBG LTk
GRIETI DM, 0,,/0, LHHENZHT ENRTES.

Phrhee—F R 2$®*§“/\bﬁ%71w:\; Bk
w%lo%ﬁw%kﬂ?é%%@ﬁ§0MWthé
Lo Fig.l @oz— FlI#esrd i, »
Fe 0 EGHEBERY Lo Ex S hs. ), B
Fo Fig.1 MO RIhD 7 7y 7 H#RE ETFALEE
2, ChwlEO 7 547V 4 vEBRT DB,

WebE U AMRE R D P & e % RIS,
U A X 2 R R OB TH 038 DBA I

DGR S, FTETFADORMIIELE
W, Doy UAKENEE =5+ Fie—8T 5
MR P HET A LT h. (4FEBR)

XC, COYX3 2T 2D, BHIFIET
> Db L CHEBERBL, L KORINEALIEL
L5 (Fig.1l (). Ly D@k, FRFRIR
oMy by, Bk 7, 72 L THR25 LT 5.
Ly MFRFAE  mWlEIcs WTiL, Lo DRE
LA TN BOEIXLMAT S LTRSS,
COLEL BT tyy=r0 BB INTVT, WA
it o s, Ly o X0 X b icfiflo RS iCow

C73)

NI -El ectronic Library Service



The Society of Mterials Science,

Japan

778 DS Y

TCEDEFTADFEIRCTH D INIRET TN,

ek, ORERREZMNED 75 5 705807 5 4 2
DERLIE LI EEDEFALTHD, D25y 70
Jedin & & Bz BC IS T3 0 #2384 LT T
ST 20, FRIAFLCOMED I 5 1bifbeT
CEWE EMRT 20 0@ MmN oMECH 5. A
T, U&§?97)9#%Liiﬁﬁf6%ﬁ
ﬁmb,am%%@%@w%ﬁé®ﬁﬁk%

Fig. 1 (7 7 » 7 DMEREMEI TS K X < Te ot
&%@%?Wﬁ%%DCQ@K%VTHLoﬁﬁﬁL
THTNVBORIIEL S . T BB
WHEIRTH > T, vy & vy 13 Ly OBA &
BT HDHTHL. Lhl, TROEO EFOHET
DECDBCITNLETH Y (BAIALTF D ¥ FDOMET
Biinis\), 75, 7 EBOBIC LR OT R
CEERRD. LD XS B e T Ao T O
ﬂ@%ﬂﬁb<0#%%.1%&bf,ﬂglwm%
WO, IO 2 5, 7 OB RIS T
ERCTR YR, B B R-TWESTHLDI,
Tyy=to EELTWA. Lal, ZoX 5l
B XD BP0 B LO RGBS D L s, LIF
Fig. 1& 47 (75, 27) =51, Fig. 1 (c)% i
(79, 7) =7 ks

3B 1 B %

RN, Fig. 1 ()0 AR =5 e TP L
L5 W79 713, OROL=0 D HIcEEX
h5.

RN B AT 5 DT, BREOES
ELTE wy-TClE R w, KBHRSG & LT 7o
Ty DHEDBD D, FHEHERL2KIED 57 5 A0
ﬁidw 0 &gk, B ¢ (KL 2=2+
w)%ﬁn%& BN ¢0(z) ORBERET B LN

d(p(z) 024} . 0w
O P )

i (¢, y) HESRIC K

sz—”'yz

ZZTHIINIEERTH 5.
ORAY VWA %3
€7 (7 —ir ) = pide(2) /dz ()
(=7, ") BERCE WL —iBr % iBr w5
éf,mg1®691y7%7w®%%*#ma@
Loz bhns,

BRETIC ry=e 1
0L, y=40 T r,p=r, (3)

v I BBRELDD55E SOBRROENSDIZHGEs 5 v 7
DEADKBEL /NS OD, Uledi>TB CICEfFIE2, 553
DIROIREEE, ZOREE, BT AV FOMEEELT
BT CEMAEEESD (b x> EHRBIRMEHZICE T 5 Rk
7797 DPNHEFL X D).

*2 BEROBNLIZNDT txy O 2 LHUEREAANS.

C74)

0oL,  y"=+40 C =2,

—2c<x<Ly, y=40 T 7,,=0 J
SO, TROBDOEMCIINEAE T 5 &b pil
SR hdnebicv. Q)R 5 BRI
BRI NS CR BB T 5.

75y7&?ND%#%kéz$ﬁf®%%B%
¢(=ttu) WO RO MR BT BB

w=m(§) =I{71(E —elan) B(¢ —plan) 1-B (¢

— e iar)B(¢ — p-iar)1-8 (4)

F2HMhbH, 22T e, a1k L, Ly OEX G
f&i SRR, LA [¢l=1 ko (t=—1,
u=0) "y, 7o s (x=—2c y=0) 1= ®ET

HEOHEENDRBTH D, C=e? L LR
z=Alf(0) 0<0<a, 2m—a;<<2n
2=4lf(0)etfr o <b0<a,
2=AIf(0)e" @< <2m—a,
2=4lf(0)e™" 2 — <0 <2m—a,

(5)

L
— B — 1-8
F(0) =|sin O—aiff| . 0—ay
2
B 1-8
x|sin 2=, O+a (6)

Eleo T, R, 0005 2m ¥ BT 21y,
213 Fig 1 )0 = L2t Lavwd bh s, Fig.
2, Fig. 1 O iST 2 M a2 w7, sHcd 5 &

BH Yy VDT THLLLTH S,
u A Pl;’;:jz_(w
’ 4 at OO
t
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Table I.  Values of fracture load (z), length of
the crack extension (L) and the length of
the slip lines (L) for the case of Bz =70°.
A ®/ze (Lo/€)/(re/e0)? | (L/e)/(ze/ze®)
1.0 1.000 0.4416 0
0.9 1.000 0.4609 0.0487
0.8 0.9999 0.4788 0.1051
0.7 0.9996 0.4935 0.1703
0.6 0.9991 0.5027 0.2454
0.5 0.9992 0.5031 0.3316
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