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A Comparison of the Crack Plane Equilibrium Model for Elastic-
Plastic Fracture Analysis with the Irwin’s Plastic Zone
Corrected LEFM
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It is well known that the application of linear elastic fracture mechanics is inadequate to solve
the large deformation fracture failures which occurr in ductile manner because of the large scale
yielding due to the severe stress concentration in the region adjacent to the crack tip.

The authors have been evolved a fracture model, the crack plane equilibrium model, for this
kinds of elastic-plastic fracture problems in the previous report.

In this report, the crack plane equilibrium model was compared with the Irwin’s plastic zone

* corrected linear elastic fracture mechanics through theoretical comparisons and experimental
results to examine the validity of the crack plane equilibrium model as an available tool for
nonlinear fracture analysis.

Through this study, the main results were reached as follows;

Irwin’s plastic zone corrected linear elastic fracture mechanics could be applicable only for small
scale yielding problems as expected while the crack plane equilibrium model valid as a fracture

" model for large deformation fracture failure. '

However, the followings should be considered for the more precise evaluations of CPE model;

1) It is necessary to test more specimens which contain small cracks in the range of 2¢/W<O0. 1. ¢

2) It is important to detect the crack initiation point during the fracture test for determining

an accurate fracture load.

3) Effects of specimen thickness in the fracture process zone should be examined.
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Fig.1. Elastic stress distribution near the crack
tip in an infinite plate under tension.
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Fig.2. Plastic zone at the crack tip and approx-
imate stress distribution(in Ref. (11)).

BAREET) 008 717 & SZLMUEMSL Fig. 2] 49}
ol r=r*d FEAA oyt 0,2 Ho] MRS
R, R s

K
Oy T e, €))
T devh e WY BER 2rld Hstd @
PEAA =2 Irwing T o] MK o 4
o BEYT + Yt W 2Y Aeluc 3 m
24, §F H% 24 2o
Beff, =dphys, -+ 8grroreererintrriinnriiiiiiiiienaee, (10)
£ 47 s

Fig. 214 B4R o) Bol (£ Fsle WHAY WE

ol #t7i3k T o] 77 Hsted: BESY mWEH

Zetek Sh= 2 o] 2 At

— 392 —



FEYE BOEENS AT IATH VRIS BRR B BRAEAY LKk 2 HE

AT g 7p* cvrenerennnteniiie s e nter et an
T don, o)« #ERY asl:
Tp=m2rp% et (12)
2 34,
RS ax g BREH A AG)e
Kr=Mo J7(@4rpF)eereerserreieninsiiociainninnnne (13)

2 FoAd. 74 Me BRENZA BHY 2
Wl o MAEEY Bkl wHebA sl Fig.
4] moko] halAE thesh ol Felxd.

M=\/—:;—tanll;,— ................ TR (14)
JROE vl dgte] Ean RA(13)e] KA
K1=Ma\/ ,,(a,;{_ﬁ(.}l_{y_’:))z ..................... (15)

& drth 74 B=5- ol ak FHENY A
& 10l3, VE BHEY 33% /300

o174 LEFM¢] #3812 sistel a=1, M=1( 7~
=0.0724 adels} filel Mskel A A 4]z
T3 o7t o HY& o Kt Kice2 555 8
RK(15)2 3
Kic

= e (16)
o525
£+ Ao B4 KA e=0F KAz, £ =2

ol Al ALE sl
G f T Gyg weeeeerseremrismionirseaeant e saneanas an

o] Hr}. ol ZWe] g RBFNY FIERKEK 3
2ale, BEY O RRAd BEY EHY PR
EN BREHD V252 sl AL #RYY. of
S e HHA SR HEA = A= e
TEE M Aoz 445 FESENNE ¢ +
e

ol =3 BERHERY A HEN & Bl
delued WAA Y I8 WHY SFEEE
A AHE BRY BRES dolr]l o Folela Fols
o, = B BB HAREGe Wi MR )R
BBl geAe] AL o BHEY KR
A BMERES Hwsln e dee 2de) ¢
o} A7l 54 o) wel 2 HREESE goxA Hu
2 2de] gl BHd Ol 3RS 8% mmLHB
ez REste el doddt TEEG] et
= Aoe Az,

% CPE gl oA HMENS R %%
Z(local extension)d] A}e]

Tr=CEZ" cooreriiiiiini s (18)
9 WKL de B HHA dstd BEREY
5155 Fig. 33 o] BaEsls o 278

1
E. Xz e
Ez=‘f1£‘ m] Ne.O YL )R 19)

2 5=

c%mm:[ ;:jfj;]”“ ol <t

B TR QAL Egot Eprel 38 A4
gn wm, KR8 K(DE RAstel Sl &
AA 2AEel REsE EHY AANES THS

Zz
Ez
o)

Earf——-- j ‘ EzFl x? ]n'—‘
|\l ~d
|
[

[

1

t

[

i .
_( /Zﬁlwe process \#
_____ A‘,TL)A !
a e UI
We/2 B
Wo/2

Fig.3. Stress and strain distributions in the crack
plane equilibrium model.
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Table 1. Chemical compositions of material(wt%)

Material C Mn P S

Si Cr Ni Co Cu Mo N

18-8 Stainless .046 1.70 .019 .004

.41 18.03 8.07 .05 .05 .10 .090

Table 2. Mechanical properties of materials

Tensile Yield True Stress Hardness Elongation
Material Strength Strength at Failure

(MPa) (MPa) (MPa) (RB) (G.L. 50mm)
18-8 Stainless 572.40 302.06 1925. 81 81 62%
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Fig.5. Predicted stress/true stress at failure vs.
crack ratio obtained from the results of
CPE model.
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