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A Study on J-Integral as a Fracture Criterion (2nd Report)

by Takeshi Kanazawa, Member Susumu Machida, Member

Jun-~ichi Kobayashi, Member Yoshio Matsushima, Member

Summary

In the previous paper, an improved method to evaluate J-value from single load-displace-
ment record has been proposed.

In this paper, the effects of material properties on J-value for 3-point bend specimens with
different notch ratios are investigated by elasto-plastic FEM calculations using 8-noded
isoparametric quadrilaterals. It is concluded that yield stress (oy) and strain hardening rate
(H') have less effect on the relationship between non-dimensional J-value (EJ/ac}) (E:
Young’s modulus, & : notch length) and stress ratio (oy/dy) (ox : nominal skin stress in the
notched section), or non-dimensional deflection (Eu/doy) (u : deflection at load point, d : depth
of specimen).

Several practical methods to evaluate J-value from single load-displacement record, that
is, Rice’s method, the more convenient method using total displacement and the authors’
method proposed in the previous paper are compared one another, and it is shown that the
authors’ method gives the best approximation out of the three methods compared, but it still
gives overestimation especially for shallow notched specimen in highly load range.

On the basis of numerical results with varied conditions, a more simple and accurate J
evaluation method for 3-point bend specimen is newly proposed and is expressed by Eq. (17)
and Eq. (18). Using this proposed method, J-value can be estimated from crack opening at
edge or applied load which is easily measured in fracture testings.

JBOREETHLENTE D, £ 2T, HiFhY Cii=
RAF-HEERC L HH LVWERY JHEECEYRE
L, ZOBEREERLEHY, SEREEH—BRCHWD
hTeAESHMTRBACOWT, JEREZ SHEE
¥, Wkix & oy FEM Finc X b i1,

1 #

BT CREEL OWIE2 545V F VIKRFEh,
EIRE T/ ORRE BT B MR oW TR
WENEEREAL, ERBEMO X5 Thinh OBER
Tkt TAREREDO A 2T Akt COD Fire

it

14

EARIEI T, MRHEEEY L LTTENCERL
Ihowkboe HE IR Rice 0RIELL J-EHY 1
FOEBENPETH Y, COD 3D X 5 Ie ERIERN
7, FOWEAF2A—-2ELTOFREIERIRT
ER ARV

LIAT, -0 JESER - EEEREAT D
TEBEEO = FAF —LHCBEEL TR, £0T4HE
I HE 5 MR TR YR B TOIET « OFTHoERME
WRIE LT AY, X b, EBHENCH 5 RERS D
EEC X W EMIERSMY BT 5 BEAT OV T R
* K TR

A RFTERKER

2 JIEEE X%

JEZRDBRIIKRELS BT TL2OOHELR DD, 1
i, EROBEESFEERTTHIOTHY, 351>
1%, BIE X ORI DS & D potential energy
decrease rate HELWE WS Z &b, HREC
NERIET 5 =FAF -5 EE L TRDBTHETH %o
BEOFERELRREERTH LTI VEENES
LI HEREMEN B BT, ERVFELLTERTHS
LEZONBN, BOEECHRTARBEILBDHD
fod, FOBASFAIEE I I bitv,

2.1 BERACLDERE

JHEHE (1) RTEHRS K, BHBROM D HIKF

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

RO X B EEEC ST (F28) 165

Fig. 1 Crack Tip Coordinate System and
Arbitrary Line Integral Contour
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Table 1 Numerical Data used in Calculations
CASE Notch Yield Stress Strain Hardening Stress
Ft ! Ratio oy (kg/mm?) H' (kg/mm?) Condition
et A 0.5 36.1 0.0 Plane Strain
' B 0.5 36.1 210 ditto
. C 0.5 36.1 2100 ditto
D 0.5 36.1 210 Plane Stress
:
' E 0.5 80.0 210 Plane Strain
F 0.2 36.1 210 ditto
4
' G 0.8 36.1 210 ditto
v H no crack 36.1 210 ditto
€ i Young's modulus E = 21000 kg/mm?
g v Poisson's ratio v = 0.3
Q vl

Fig. 2 Finite Element Subdivision

Table 2 Comparison of K-Values. (a) with Distorted Elements

of 3-point Bend Specimen “¥/s, | Gross T rs T Iy rs T
and Integral Contours 0.2 22.565 22.507 22.675 | 22.533 | 22.4%4 | 22.158 | 22.840
FEOMEND 1/4 ORGECE L T 0.4 45.130 45.975 45.324 | 45.079 | 45.003 | 44.327 | 45.682
= = 9) - -
RPEZTRGY, Shic,  ORAE 0.6 67.695 63.163 67.960 | 67.704 | 67.602 | 66.582 | 68.603 |
ROEDHME TS kdic Table 1 :
0.8 50.260 89.352 90.709 | 90.442 | 90.329 | 88.963 | 91.642
D Case B & oWT, HWEESSE
R 1.0 112.82 110.42 124.98 | 113.37 | 113.28 | 111.56 | 114.%0
FEOFRMLBECSWORRRERLL | x

Yo DEDWTOHELTR - oo
Table 2 (a) WIXEBEREREF -1
4, Table 2 (b) CWHIHEREZRRC X
HRREERT, MECHEWT, % oy/

3
{ unit in kg.r(\.:a—2

)

Table 2 Comparison of K-Values. (b) with Undistorted Elements:

oy (on : FEFEATMTTEN, oy 1l |7/or | oo | m A
RIS ZEww Gross @ boundary 0.2 22.565 25.471 22.665 22.478 22.435 22.099 22.779
fon BT 7 :
collocation {12 & % K" & #B447 B4 0.4 £5.130 50.938 45.329 | 44.956 44.870 | 44.193 | 45.544 |
ek i ] b,
S . 0.6 67.695 77.704 67.975 | 67.460 67.333 | 66.311 | 68.325 |
K=vE JJ(1—%) (v: B7 Y V)
ko CHE L KEE i L 0.8 90.260 101.27 90.732 | 90.087 89.937 | 88.567 | 91.236
i~ - " [ Zo
Gross 12 X A K{EITHEEE TH H 5, 1.0 112.82 124,21 115.11 | 112.88 112.73 | 111.01 | 114.33

onloy=1.0 3T ¥ TOIEIRAER

Fig.3 OWBHEERND LT, NRE

BiRIREEL E 2 DR AT, COMEHECIIHLOL
BT L E 2 bbb, £ 2T, Table 2 (b) p&H{E
B LU CARSEIRERBERAC ST 5E S 11 ©
BEBNT, FEEICE L Gross OEIC—Z L T\ 5,
—F, Table 2 (@) WXhTE I 4B TRI—FKLT
FY, BREEROBFHEDSER SIS,

wie, EHERBCBTZESIBOZB T IS T EN
OEEY Fig. 4 WiRt, Thic Liud, ¥xemEs

3
( unit in kg.mm 2 )
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Fig. 2 “A” Detail of Region A

Fig. 3 Yield Zones at Various Load Levels
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Fig. 4 - Comparison of J-Values at Various
' Load Levels
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Fig. 5 Relationship between EJ/ac} and oy/oy
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Fig. 6 Relationship between EJ/ac} and
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"Table 3 Effect of Yield Stress on -J-Values

- 2
EJ/!ZUY EU/dcy

: 2 m?

oN/cY Oy (kg/mm?*) Ty (kg/mm?)
36.1 80.0 36.1 80.0
0.2 0.0142 0.0142 0.437 0.437
1.0 0.359 0.359 2.21 o221
1.6 -] 0.946 0.946 3.60 3.60
2.0 | 1.59 1.59 | 4.72 . 4.72
2.7 6.07 6.08 10.40 10.42
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Fig. 7 (a) Effect of Strain Hardening Rate
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Fig. 9 (a) Comparison of J-Values calculated
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