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A Comment on J,-R Curve Chracterizing Stable Crack Growth

by Hisakazu OGURI and Hiroomi HOMMA

Stable crack growth experiments for SM 50 A steel and 2017-T 3 aluminum were carried out to
obtain /i-R curves under crack-line wedge loading and 3-point bending. J-integral value, which was
computed by use of the formula for a growing crack recommended by ASTM, increased at different
rates with the crack growth amount under both type loadings while the values at initiation equaled.
Finite element analysis was made for the stable crack growth measured by the experiment to
compute the /-integral value at the growing crack tip. In elasto-plastic materials, elastically
unloaded region is left behind the growing crack tip. This region lets /-integral lose the path
independency. J-integral value at growing crack tip was computed from the integration of J along
the specimen outer contour and correction for the unloaded region. The computation results showed
that the J-integral value at the crack tip was almost invariable while the crack grew and was
independent of the loading type.

Key Words: Fracture, J -integral, Stable Crack Growth, Ji-R Curve

1. #

|

ASTM CREMEHBRBL) iz, K - PEERE D
KESHBR T 2 BHIEME L, Rice®pER | 7
JEBERCTRRT 20 0RBEEEED L 5 +
LTOs, REBEES & USRI L T
g3 ] BEHIE, SRERCHEATEIALEES
SRRV TEIANFERELE NS IRV F IR
TMEREERT DICH LT, BEMH R 5T
R}, BICEHRROIES « OF 252 M1 3,85
A= ERENZ®, BBEHMEI LT b, T2
w¥$%m§ﬁ<uf&1%w¥$m$tm5%ﬁ&
MROEREEFT5/55 2 —5 £ LT [ HHO J o,
ﬁﬁmaaﬁ%%énfwaﬁ,lﬁwaﬁﬁmeﬁ
HEIeER J Boe, EUMHORE SBREGR =
BRI BNFTA—FLLTHVYES L33 D28 ASTM
@Eﬁ&%bné.btﬁof,:@%émjﬁﬁ§
REEHEROGS - VT ABEBHTIT 25 x —
FOLLTELRABRETHBEEZ NS, ASTMY

TEERIS9EIIA298 2929 EREEE 5w THEE S
2T BRIS9ES5H30H.
TR, BT EREHEFIRK (B501-04 B RIRA I EIERT
LR, :
"t IER, BEEMREAY (B40 BETREEEE £ 1-1).

BREKPEERTO S Bz L C, #E - EATH
B S J MO BEL, *BEREMHE (J-R-

da) ZFHE S 3 FEEHEELES & LTwaas, Z

DIMAIDEERD £ THHBBBEEAKICES ¢
YDOTHY, BEEMICHT 35D TiE 2w, T4
bb, BBEMRIIE L TIIRE & BERE S wk
‘f@ﬁ%%ﬁ%#%%ﬁ%wﬁﬁénkﬁﬁ
(Wake region) %% L, A& - FIEREAG L D
ﬁ%yvaliwﬁwsﬁﬁét@?éﬁkﬁtb
T$b6n5jﬁﬁ@ﬁﬁ%fbég§%%@15
HEE—BL 2o,

TITEARRTR, 2BEOMRNC N L EE 2 R
EEE%E%?%&&%K,%E%%&%%wfég
&Eﬁ%%ﬁﬁb,&%%%%%@]ﬁﬁﬁ%,%ﬁ
ﬁﬁ%%@?%&tbm,%@@@ﬁQMﬁ%ﬁﬁ@
%#ﬁﬁﬁbfn%:t%%%@ﬁ%ﬂﬁ%bf*
B, INEY J-REBICOVTEE R 72,

2. REEZBERER

21 MHEELUHRBRE KECHE L 2 iR,
BEAMEMSM0ALBH7 LI = 284
A2017-T3Th 3, TNTNOMEOBBAEE * &
LRy, BB S 248 < s URE(CLWL) HBRA

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

200 EREREEE (U -RER) CHy 2 EH

L 3EMTREBRE T, FLFNOBBREERS L U
EEH1(a), (D)WWRT. B, RBRFIEELE
I 5mMmBEORES TEHE2EALLDOBE
BRICHEL 72,

2.2 EEBHE EEWEN2(a), (W)IKFRT &
S EBIC L DITo7:. CLWL BBt L T, M
EL vy LD EFHRUEEEBZS S U RITHIRAS,
SHrERS L, ANHE P RE2 (a)IimT &5
W, QU B L D ICHEEER L TW A REERR LIS
BV TFES—YIIDOTHERREL,
NEIVIEHAHEERD, ThE2EVOFHS =Y RV
G ECbhbli> THESTAZ LI DERLE, &
ZERE da i3, HBRORBOREC TERFZEOL
RFEWCELVREL, ELAEACB TS 2EFEOZE
Lo}, MEARIISALPNEBEOHOZ2AELZD
NiEER & -7,

3 AMITREA N TR, MEEBREOT 7 F 2
I—s & FRAaFE— X b EMAB I LT
ERRERS I, AWWE P I3, SBEOoo—Nt

% 1 HEAMOBRBHEE

Oy Ot Elong E
(MPa) (MPa) (%) (GPa)

SM50A 419 516 30 206.3

Material

A2017 290 456 21.5 71.2

190

-G -

— 2 side
| groove
’\j ;

{atige crack
W=150

—d‘)— side groove
¥

180

(a) CLWLREH

456

—side groove

—fatigue crack

span=412
r 900

24w

side groove

=150

W

i S—

(b) 3 =BhTHERA
1

Mk hmHanEr Lo/, ERERE da i3,
RBEHARECTHEASBICLIVHIZEL:., FHES
EMOR77F2ax—s0KEED, EREOEA
B2y FF—YIc kD fIEL 2.
WIFNLEFARRIEMEETHS., COEERXY
FE - WEAEN P-0 iR, SBERE Jo & 23H
OZAL OGRS & & REREN /R iR 25 7.
2:3 EBER FERCI-TESNL IR
HBO—FI 2R 3I1ZRT. SM50A XL TEFNREFR
DEFERCI>TEsN FREBEERLIEDOD
Thd, 28, 0340 BS i 3AHTRBRE TH2.
3D, ERFEESCBIIE JEMEEITEEE LIZ
F—BL T35, EHHBIERT 21200 3 mihiFR
BADIE)NEWEER>TWS, A2017-T 3 8L
TOHEBERERBELONL, 2O E»5, Ji-R iR
BRMBFCEBERHBRE RAR LBV L5803,

3. ERESEMICHITD J EHEOEHE

TFEHL Rt s, BEBEMHORIEEZIINL
T, ] BAOBESMERIMNEISEUENCRII T2 2 &
PRLULBREREOER 2o N, B = ZEIR
CBTBIEN- 0TGN ] BHCXEEIN T3 L
V33 Shih®D#ER% b L2, I 2 TRREERHETEE
BACELZBOERT I ERIcHL T, ZDEEKIC

Load

Strain Gauges
to Measure Load P

(a) CLWLZREBRFEBREKE

Load Cell

(b) 3HHTHBRAERER
2

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

EEGERBYHG(J-RES) cMT s Ex 201

BUS ] EAOTHERITY., SRRy, wy
REFBROEED - DRI ERMI I Z 2R T L
T, K4ERTEIRETCOLT, SETELS
SREBTEELHED L D SBERL 058 258
D, EREMCELEEY I, SWEICH > THAI
RAZERE R TS, 22T, 50X NICB>T
EARO KEY, 85X LIKKB->THELABUSO
WRBHACLERLEZL, CORBCEENLES A
ETNEHT T ADHBERLD,

f”r(Wd —T%‘—'d)

= {8~ 0w 2t Vaxdy (1)

ERD.22T, WOV T AIANEEE, T,
BREANZ MV, u BERH~RZ b N, dS IR E
DEFTH3, R(1)OBREAXEB T L c /L,
5, |5 @82z nzgn Jr, Jr, £ 0,

o [ 2o

ER DD, BAOEHBEIIHPEFORKELER S
TWHEBTEE D, I T bbb BRESERT
Exdohszhk Junoad £ T3, F 7 Jr, IR
ERUR» S +HEICE o7 T EAETHY, =
NE Jremoe £33, Jr, R EBERR-1-EBHTH S
D, T:=0,dy=0 & 20 EHWEROATEE D
EWZ85, TH%E = Jeracktp & THUTR(2) 12,

]crack tipzjremote—]unload ........................ ( 3)
ERTIENTES, LI2T, BHREECH 294k
VEERT SN LE, ZOMEOV TR ILEE
BEREEREDEE, 50K W, TEsha, ¥
HICREIZB LTI, R(4)TERsh 3,

£ _*
~ [
gsoop O ]
N /
o ./o
5 /0 SM50A
gzoo.%’ -0- CLWL
T8 -®- BsS

Ol 3 ) 1 1 :

0 1 2 3 ¢4 5 6

Aa (mm)

B3 BHERICL2 Ji-R o s

33 ¥ e
Wu='/(; de€1+v/; Uyd5y+-/(; Trydy.z'y
‘_—"E—",(AE:"’VAE;() AE:

1-y

1(, ., E
7{20,, —T:;;( vAez+ de, )}Ae,
1

— ‘_—_——__E --------
2 {ZT.ry 2(1_1_)/)47’1.;!}4711/ (4)

I, eh e,y BLU oL, o), th BBREERI OV
THBI VGRS, ERY Y 768, v idE7 V>
b, dex, dey, dyzy GBH VO FAETH 2. Lidio
T Juniosa 1 NoDHEERAVTIRRATERENS,

Junioad = ff [ aalfu _i< Oij aau )]dxdl/
[ et e

Yxu
+ '/0 Z'_ryd Yy

1, . E
5 [20‘: 17 (dex+vdey )]Aex

17, ., E
__2—[20';/ —ITV—Z( vde x+ Jdey, )]Asy

_L[ P N ]
2 Zr.zy 2(1+V)A')’Iy A}'.ry}

LOEE O ok, J

—a o -7
Tor Yo Yo

O-N
Wu
Ou
N
N 4¢
N
€u £

5 BAECEZUVTFAIALFBEOE(L

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

9

202

ERERENSRU-R#R CHT 2EE

H(5NZTBWT, 0f o), th BL el e}, v4 (TBH
ANTBOICHBIUVVTARITH S, W iRk
(OHIZFRTES, BRHSNZERMOVT AL AT
EELSBEICL > TEDNVTAIAINFEES

Z5|0hbDT, ZneE W, W EThi,
OWu_ 0,0 o,
or GI(W W)
_ W et aW'&; W oy
Ocr dxr  Oey Orzy Ox
_OW oez OW 0dey JW odriy
oc¥ or Oey ox orEk ox
............ (6)
EEDD, CoBFRERAOTR(S) 2HET S &,
aE.r (?Ey * a}'ry
Junons= [ (0355 + 5350+ 23,22
_ dox _ , ooy 0rzy
e~ 46,52 — Ay 2 Nardy

£i25,
4 B BEROKRE

BEIADTAVINTA N )y 7EREZAW-ERE
REWCEID, 3BOREZHRREROEN 21T
7z, BT TIREEEEER L L TOTABOERE
v, ERFAOFNEEATANELTEZ, EBXD
BonlsHWBEOEMNE ZHEREOBRICET 5,
—ERSFERTR Imm) J D S HEREICNT
BEM RS IRIC, ERKIROE RELM DR %
BRLEANZSRBECHERT 2 LickY, ERO#E
By Iav—hL7.

EBIINTAYI 20—y avORER P-6 g
PR |: i A DA 6 ICED P-J iR &L 2

—fleRT. ERCEZR LKL K7 3ER
EREATIC L D PR R L —FITH S, HHE
DOEICKEZENELCTWE Y, M6 1F ASTMYD
HRERACIDFTEL TWB3DIINL, B7TIEZELS

DEBBSICIVFML w2 Bbh 2, EB&
ERIBREICB VLT Y, - R RO &RERKES
DEETHS.

BIEEERE 4a 2T 3 Jerackup ZR(3) %
BOTFHEL - ER 55T, SEERIBENTH S
728, P-S #ERERD Z ARICELL T 383, vy
NOEFRHBRICBOTD Jerackup DITIF—EDEIZE
LIRS TERMERLTBY, AFERNIC X221k
MNEW, A2017-T3 BTy EEREENA LR
72 BHERIC L 2T Jremote DESRZ > TV RIZDH
DD 5T, Jerakup BIEEBREUCEER>TWBED
i, RKEREDBO ST BT, LBIcBir2 JES
EIZ—FTHY, BEAEDIET - VT &5 H 52—
EOFH*FME L REELZEHSEREL TS L%
RLTw3, Zhid, —RICEE S ZER TR
BESESHRCER T2 2 8w WIEES L
UBEEY S O 2 RAmAFE TR a2 BEEEs—
ETHBEVWIBEEINLETZDTH 3,

Zh&n, bhbhbSEEEMRE Aw TERTH
EFT 5 JrREROLREIZ, BREEBCRNsIAZ T
ANFNEHOERICHES THMT 270 LERE L
3,

5. #&

o

SRERICH > TS RERET AL 2 BHERAEHE
BRI TANVFR2ERT I LY, EB
FOEREHRDIET] - VT EHEEICFEEIT5/85
A—=F L TD Jeracxwp XBET 272012, BRER

™ BIE> T, BEBERFASMO0A LtEH7 LI =
- 89 Rt A
30 O ~0 ] T ¥ v T T
b4 800 -—A b
< -~ -
e / BS SMS50A £ ,/A e a
<20t O -O- Experimental Z600} A’ L .
] / - -7 Ay
o Pid -
3 --@-- Calculated S 7::/’8/
9,00t & "o SM50A A
ol £ S ass
J iy 402 ‘A CLWL| BS
20087 Ex| O | ® | 4
g’ Call &6 | A
0 1 1 1 1 1 1 [ 1 " 1 A 1 1.
0 ! 2 3 4 S 6 0 1 2 -3 4 5 6
Load Point Displacement & ( mm ) Aa (mm)

6 RERLBEHTICX 3 P-6 HiIgOHE

7T RREENCL 2 J-R BEOHE

NI | -El ectronic Library Service



S MERENGS R 812) 1ol T 5 £5

203

The Japan Soci ety of Mechanical Engineers
¥ T ¥ Ll L] LS
SMS50A
—~800} oA g
E8 0 CLWL| BS /A' : A
z Jc] o . e A/
& Jri A A oA -
0_600 N » A/
e
5 “00r P ]
2 .
o]

L) 3 A/ o) Q : o
g200| 7 &---—> 8o . /5//9
g A / ? R R P é
- L o ./

o A I N s 1 N

0 1 2 3 4 S 6

Aa (mm)

8 ZRERIHNT B Jremote, Jernckup DEAL

VAEREA201T-T3IFOREERHREICOVTY &
al—¥arETu, ROBE#REE.

(1) "ECRET 3 EREHD Jerackup 13, Z 3
DERZ S FICAFERICEEL T, MBI L-T13

E—EDERRLT:,

(2)

SEOREBRRIME D & BERIEH (ASTM

HIRIET 5 Ji-R ) ORI, 2BERBH LU
HHRTRRCBRNE N T AL F RS, 2BOLE
KHSTHEMT 270 L BRsh 3,

(1)
(2)
(3)
(4)
(5)
(6)

(7)

(8)

X 73

Albrecht, i¥2> 74, J. Test. Eval. 10, 6-245 (1982), 245.
Rice, J.R., Trans. ASME, Ser. E, 35-2 (1968), 379.
Hutchinson, J. W., J. Mech. Phys. Solids, 16 (1968), 13.
BA - 120248, #5, 46-410, A (BB 55), 1049.

BAE -3 2 %, #5854, No. 780-9 (B8 53-7), 69.

Shih, C.F., 1Z» 24, ASTM Spec. Tech. Publ., 668
(1979), 65.

Kobayashi, A.S., iF» 2 4, Eng. Fract Mech., 5
(1973), 293. ’

Takahashi, H., Proc. ASME Mater. Div. Conf. Struct.
Integ. Technol., (1979), 49.

NI | -El ectronic Library Service



