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Applicability of J,-8; Criterion to Unstable Brittle Fracture with Particular

Reference to Fracture Toughness Testing

by Masao Toyoda, Member
Kunihiko Satoh, Member

Yoshiyasu Itoh, Member

Summary

Study has been carried out to clarify the applicable range of COD and Jc-criteria which
have been proposed as useful criteria in the fracture of non-linear charactristic materials. At
first, ‘evaluation methods of COD and J- integral and the applicable range of these methods
were made clear ; in particular, simplified formulas for estimating J-integral of a shallow
notched specimen were newly established. Both COD- and J- values estimated by a proper
procedure dominate the distribution of the equivalent plastic strain in the vicinity of the blunt-

- ing tip of a notch ; however, they can no longer control the nominal stress ¢, which is
related to the initiation of cleavage crack. Therefore, the critical §~ and J,- values depend

essentially upon the plastic constraint in the vicinity of notch tip.
newly proposed as a useful criterion for unstable brittle fracture.

Je-8c criterion has been
Using J¢-§; criterion, it

could be expected that fracture toughness testing for estimating plane strain fracture

toughness becomes more easy.
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Table 1 Summary of J-estimating formulas of notched specimens
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Table 2 Single point J-estimating formulas for non-linear

elastic notched material

The single point Jestimating formulas
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Table 3 Summary of simplified formulas of J-value for
elasto-plastic material
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Fig. 2 Accuracy of simplified formulas J; Jq and applicable

range of each formula in non-linear material according
to pure power hardening law
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Fig.3 Accuracy of various simplified formulas of J-value in elasto-plastic material

Table 4 Summary of the most simplified single point J-estimating
formulas for elasto-plastic material
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Fig.4 Accuracy of various most simplified
formulas J§, J¢ (c.f. Table 4) for elas-

to-plastic material.
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Fig.6 Equivalent plastic strain distribution in the vicinity of notch tip and
plastic singlarity of elastoplastic notched specimen
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Fig. 12 Fracture toughness estimated using J,-§. criterion

BB ETE L5 Thb,

ZDX5E J-6 BT B)~@) R X » TELT
T EMTE, FEM g EOBITFESD 5 LR U~&ko
BREBTSD J-0 BEEEPRDIERCL - Th BT
% J-0 BREROTETE, PRBRAF CRBREEY
B TRDE Jode HBERAVAZ LI X o TR

B ED Jo,8c EXRRET B 2 LN TRETED,

(\‘60

Fig. 12 W AEBROBEE S W TEHELAXRLTH
D, BRI OHENMEHBITERMBE L IW—FK2RL

WE, TOXhEFEYRGAE NEORBRI L
S ESERBEREYHGT J=moyd(m=1.8) It BE

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

TEERBRRIMEEE L LT D Jo-fc B b oo DUk 21 M5

489

B % 3 small scale yielding I K88 (EEO3
3) TD Jo LLTEHEIND Jic KD B 5 ke

BB A%, Tk fi=—ELBNIEFRETD J; 2%

Kdbhd, 7o, Begley HLWDEEL T3 Jic i
¥ o
1< (25~50) (Jic/oy) - (8)

THRET S Jo OfF (Fig 12 (a) © * Bz {1 7. ER(H)
TLLTUHARBOFERED X 5 nFEOTREME: Jrc &
ZLIaELT, 8) ROVLERETBEV LA TS L
Wiz by ek, Jobc BETRED Jio 25 hHEKF
5 i ORANERCONTL, IORBHTHLEN
555,

5 #&

(1) UIREMEBEDOROTHFEFROERMER
LLTEEE RS COD 1%, EEARYIL Dugdale HE
MBI X - THET S FERTRD LI, TOETEH
TR EOHEYBUOTASMERE IEHET 5,

E

(2) BWORZLOHED JOBEFER Js 25

FlcEE, EEOBCIRICHTIMER Ji L
BRGEORNETIr oo IDII D HER JEET
W J§ J¢ #FCREL L, BREENOGERK
Yo TES R JEE, COD &R RZIEmEEED
HLBHOTAGHERE ILHRET 5, ‘
(3) CM)&%,Jrﬁﬁkxwéﬁﬁﬁﬁﬁémh
WABRCEEREOHELYZITHIDTHEH, Je-dc
B IERTFOHERIZ L AEZTT,  Jod g LT
BYIREBEOBEELS 00 MRE—E LD, Jod &
ERAZ B EREALE L e B A FREEE R LT,

$M%O%ﬁ,%$mmMD%%E(%ﬁ,kﬁki
REED), HHREER (KRAXFAFER) o125k,

ZZh

-
—

L THEELZET D,

o

£ X

5 £

-

BE, PR, G EEREN L OBRERDS
B R R R BB BRI & NS, B A

| RAXE, 145 (1979).

4

5)

6)

7)

8)

9

British Standards Instituticn, DD 19 (1972).
Rice, J.R.: A Path Independent Integral and
the Approximated Analysis of Strain Con-
centration by Notches and Cracks, J. App.
Mech., 35 (1968), 379.

Rice, J.R., P.C. Paris, J.G. Merkle : Some
Further Results of  J-integral Analysis and
Estimates, ASTM-STP, 536 (1973), 231.
Rig, AR, ME: eWEEECST 2 JBSO
HENLTho sy - 7 ¥ EME~ORH BAX
BRESRIE, 44-382 (1978), 1831

&R, EH, &H, PEER: JESCI5HEEE
BLOWT, HEEMRFEHILE, 138 (1975),
480.

Sumpter, J. D. G, C.E. Turner : Method for
Laboratory Determination of J;;, ASTM-STP,
601 (1976), 3.

BRE, =& BN EEIEC X 3 HENECR
ETREZER, $L, 65 (1979), 226.

Rice, J.R., M.A. Johnson : Inelastic Behavior

- of Solids (ed. Kanninen et al.) McGraw Hill.

10)

11)

12)

13)

ek, BH, Rk SEIME AW EELES £

ARV RIIEEOBRE, B AEREERNE,

144 (1978), 303.

Hutchinson, J. W. : Singular Behavior at the
End of a Tensile Crack in a Hardening Mat-
erial, J.. Mech. Phys. Solids, 16 (1968), 13.
Begley, J.A, J.D. Landers, W.K. Wilson :
An Estimation Model for the Application of
the J-Integral, ASTM-STP, 560 (1974), 155.

AARERaS@T s, FICZR2REER.

NI | -El ectronic Library Service



