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The Crack Tip Opening Angle (CTOA) of the Plane Stress Moving Crack

by Masao Ogasawara, Member Hiroyuki Okamura, Member

Summary

Recently, Crack Tip Opening Angle (CTOA) was proposed by C.F.Shih et al to describe
‘the instability criterion of ductile crack propagation during plane strain (flat crack) condi-
tions, and was derived by J.R.Rice analytically by means of the slip line field theory and
the incremental theory of plasticity. CTOA appears to be applicable in (some or most) cases,
but does not accurately describe the plane stress growing crack (slant crack).

Unstable ductile crack propagation of the plane stress crack is widely studied for the safe
-design of highly pressurized gas pipelines. The impact absorption energy of the Charpy test
is well correlated to the fracture arresting properties of the structures, but the mechanics of
‘the fracture are not yet well established.

In this paper, CTOA of the plane stress growing crack is derived from the plane stress
‘plasticity of perfectly plastic materials by Sokolovsky’s approach. Our proposed modification
.of CTOA expressed as follows :

CTOA=(a/o)(d]]dl)+B(os/EDIn(eR[r)
‘where, $=1.40 under the plane stress conditions.

CTOA in the Dugdale model is also defined and compared with the results of laboratory
test. The results show that a=0.5, and B8=1.27 for plane stress crack growth. These
-analyses give similar results to those obtained by Rice et al for CTOA under plane strain
«<onditions, that is, @=0.65 from the experimental results and [£=5.08 from the slip line
‘theory.

The CTOA obtained for plane stress ductile crack growth is applied to the wide plate
tensile crack growth test. The results of the present analysis coincide well with those
.of the plane stress finite element method (FEM) computed by T. Kanazawa et al. The
phenomena of plane stress ductile crack propagation are also explained by the CTOA criterion
ander plane stress conditions.
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Fig.1 Plane strain, plane stress deformation fields

(Rosenfield, et al.1V)
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Fig. 2 Crack tip deformation field in plane
stress ductile crack extension

DB IhE O LERBTIEALD Y, MBI ELD
T\~ % Dugdale Model 235 CTOA k5 = &%
a&%o

Dugdale Model 7» 5B 5 5 EHE L Goodier 512
CX-TRDIIEHELZBNRT VD,

sin?(@,—0)
N sin®(6,+6)

(sin 05 sin 0)2
(sin f,—sin 6)2

(5)

4 u
e+,

+11n

d=x 1

T

x=acosl, [=acos 02<<92:£_f_>
2 g

B _{(3~V>/1+u SEEIST
2(1+»)° 3—4v SFEE

Thb, ENEBHOERIAGALIRCEHLET IR YR
LT47< #, Dugdale Model TiT 2D R MNRA ST
Tonied, EEREOSICIIERITOEM BRI 2D
FHEFINDEEL DL CTOA 2%kD L3510
E#mT5 (Fig 3,

u

Plane stress

(a) (b)

——— |+~ CTOA
r=dl

Fig.3 CTOA in dugdale crack
(98
CTOA_( ol )x*Hr (7’<<1> (6)
GBG)YRZ I CREGTAZERIY (6) REE
%:?L% \: &73\;./6‘% 50 X, 02 E]%VC:

O =
R
Var—1T—a?— 3T
T x—l+tr, <1, R=a—1, rLiLa 31T,
brp (0 4Ra
(+Doo \ 0 Jgorsr 2lr
o T, FEIEHCKTS CTOA KR TELBRS,

(CTOA) pss ™ <8—8> = 460 l:lnﬁ_}_lnﬁjl
0l ) goisr v

=21

(7
SR JEITRES T2 LR IVRORNELR
Do

2
]'—_—-‘0060287:% l'ln sec 62
0] _8g,? __ 80,2 a
2 = RE -In sec fy= 5 1n(T>
Zhr (7)) RRRALTEERL S,
_1 4] 4o 2R
(CTOA) ;5= Soq dl +7IE In p” (8)

Dugdale Model 2 FHEICHEMFIIC, FHEREDHA
LEATESD, PEEBREBCRSWCTOIEZENO 3
WrEBETHLHEND D, BRCERIGT A 3 EikEE
CIDERLTHS EELNE, AFCTEEERER
wxtd 5 CTOA #EHTHENTETHD, Thb
B,

__1 4], A=y oy, 2R

(CTOA) yen= Saoy dl +4 — Eln
(8)
TCiZL, TZCHNIE3EELRRTATA—Z—-ThHD,

T
14—
= +2

THbo .
22 BUESESRE AV FE KR Moving
Crack @ CTCA
BAHEMPCTEHICHHER T 586, GHNERC
NG ELEERIICE RN 0T T 5 (Fig. 4(@),

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

FEIGHESE BROERR O B2 O£ (CTOA) koW T 241

(a)
Crack
Highly deformed zone
(b) Gs=2k ( k=—;i—>
70_ T \ ¥3
} Or=k, T,y=0
70=70.6

Fig. 4 Perfectly plastic plane stress deformation
at the crack tip
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Fig.5 Ductile crack extension model in plane
stress perfectly plastic materials
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Fig.6 CTOA in ductile crack extension
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