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A Method of Determination of Crack Growth Resistance
Curve by J Integral

K. B. Yoon, S. R. Choi and Y. Y. Earmme

Abstract

A reasonable J-resistance curve determination procedure is suggested by correcting the

amount of overestimation in J-value whose effect becomes significant when crack grows.

Experiments using compact tension specimens of an alloy steel (SCM4, K.S. Designation) are

performed. The value of J estimated according to this procedure is compared with that as

obtained from the method by Merkle and Corten. The conditions for J controlled crack growth

proposed by Hutchinson and Paris are examined for the material used here. It appears that J

resistance curve, which is independent of crack ratio can be obtained for those specimens

satisfying the conditions of J controlled crack growth.

My
a 1gdze]
: F9 A A=(crack growth) (mm)
$ A A (mm)
: A= 84" e (ligament) (=W—a, mm)
g A% (Kef/mm?)
: 3 (Keb)
1 Agd"e F(=a-+bmm)
1353 w4 (mm)
ETRR
oo Ee9 (flow stress) (=
#=), Kgf/mm?)
Us: H A oA

B>
8

vmgwmvm

#F5e9 + 4%

mj»—

1. M 2

2= g o) A 4 (stress intensity factor) K=z ol 23

*AAY, FFETLTL ARSTHETATA
* A4, ATl A4 3

£t A% =24 s}y E(linear elastic fracture me-
chanics)e w44 997X FdA7]7 s g =
Ho] VA RHUD. AR b3 Q4AE d¥se o
2 w7} " (parameter)s} A gslgl e, o) F JA
H-& 44w 3 o] E(deformation theory of plasticity)
o A4d o FIARE EFse Y ARAE
Al wekoz HE A% 4AT ZE veliz o]
A 27k-e HRR-¢# ¥ 32 (Hutchinson-Rice-Rosengren
stress strain field)o]412e] FdA 28 o =ys
(strain)®] Eoj4 o] A7 (strength of singularity)&
vheb epe,

Begley ¢+ Landes®7} #9432 A2k (onset of
crack growth)oll A J#s Jie 2 FYsla, Jic Y

AP E AT ol F, o] e BE AT} o] %
oA gettv, ol JeEAE A% B Pyl Alak
A9E o, o Yy ES WAz et ZE ARe

ARk D TIHF AFRE HE F, i) 2 A4
o Jzs Tttt 2% AS.T.M.(American Society
for Testing Materials)ell 4] EF3lsl g wy.e J



442 23444 %%

2 #49 4Fz(crack growth), Ae 9] =2 Jehy
Z J=20,A0 B H9H E314 (blunting line)2 19
A, T A A ALY JRE Jo= I Joob 4F
A4 EdEHE 2AL wEZdd o Jie2 e A
olt}, o] W2 weld, FF-dHFA ozt A4
o wele] Wld Jgg A Aol Haseh =
3 dE-He Fidozde G wHd ddgste AaE
T 3ol "asi, ol Js4AE duide=
o} % A} ¢ =y (multiple specimens method)7o] o] &
=, =td A (single specimen)$ o] 43 3}FAl
A #E3}o]ol ~(unloading compliance)u} ¥ o] © 3§+
AL AEHE JieF T F v olF dlEol B2
QT o] Hof fiep®, o] F AA AZTeteldd
£ L Fdo] 44 wE A Eeleld 2y Wl
& A3, ¥ A4S ok yhg oz, A
AL 5L shsbe =F 384 sEAA (par-
tial unloading)E <33, FHEelololsd] Wi E
&4 3k},

ASTM 779 ahal-& J—Aa FA(JA8F4)
A 232 E Zot Jie F Fihevl I FA el
o, Wb FA4F AR olF J-leFAg
A Tk YL F4E AT w4l Sz g
o Jiegtel st 4 AE W Eshn YURuk, of" A
2ol AL Fdol FI4F AFH o] F2E A
Al s, JAgFAE FFs] FHe A2
Paris §'9o] Alckst vy FA4A F4 4
o delA o ArE AFH 5 gt

E ATNAE &L AgH gFAA FEeeld &
g ARg3t ARE A AEs(compact tension
specimen, eto 2 CT A"z /3 wg J—
AaFA9 AAYE AAska, FF7F SCMAKS
A)E A" d J-AaF4AE AFsiget. T
k9] A4E ¢ A= 3R Merkle-Corten 2] 419
% o]-43lgdl. Garwood 5'%¢] 34 FIAHHE
point bending specimen)d]] ]3] A}-§3F ubd] S o]&
ste] CT A3l ] Fdo] 4A4gd =2 T3y
3] 3 7} (over-estimation) & 3 = 4 & f=3ld,
o] & Ah-gste] J ke +A & shglvt. =3t Hutchinson
3 Paris'y} Alokgt Jxuw] #F49 A= (J-controlled
crack growth) z7& & 489 Aslel wmsie 7
23 o

e ¥

4
x
B

filo
=

¥

e

2. Jatel Bt A F
Tael 4

Riceo] g4 A2 ABow Folzx JHALBL ¥
WA eldAe Wsel vt 2L FAT bl @
HA e

S (1)
=g Rice ¢ &5 TY4HE 715t CT A
Hefl disl chgst 2 F4E 48 fEdgd:

2U
]:—B—b. (2)

q74 Ux 3-3934 ste =24¢ e
Merkle 5 Corten-& CT A|@= o] 49 QA4FIE
28 JA 74L& Alstgiev], Landes $9& ol
A%s] shel ohest go] +4ag v :
_ 14a 2U
I~y B ©

14 a=al(§) +(§)+ 3} {(§)+ e -
@< Fzzd A5 99 4 (D B %
of eleh zeu, A (DL TEYF AAAAE
fashd, o WA 4T AdE HF-49
Faste Aol dol A=, Jgel I AL
o,

o R

| &7
N
[l |

—— LOAD LINE DISPLACEMENT, 3

Fig. 1 Schematic load-displacement curve for
fracture test

OPQ : Actual load-displacment curve
(Initial crack length a, at O—P, final
crack length a, at @)

ORQ : Postulated load-displacement curve
(Initial crack length a@,, no crack gro-
wth)

OPRSO : area U,(\\\)

ORQTSO : area U,(O)

OPQRO : area Us(A)

SRPQTS : area U,(///)
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Table 1 Chemical composition of SCM4

Component weight percent
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Fig. 2 (a) Dimensions of CTS (mm)
(b) Types of CTS and tensile specimens
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Table 2 Hardness measurement of SCM4

After tempering
(Rockwell C)

After quenching

After machining
(Rockwell C)

(Rockwell A)

55.3+1.1 | 53.2-1.8 Q 25.5+1.3
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Table 3 Mechanical properties of SCM4 used in

experiment (Tempered at 645°C 1—%—
hours after oil quenching from 850°C)

Mechanical properties T-type L-type

0.2% Yield stress, o,| 71.8Kgf/mm? 83, 5Kgf/mm?
Tensile strength, ¢, | 85.5Kgf/mm? 95, 9Kgf/mm?

Flow Stress, o,=1/2| 78.6Kgf/mm? 89, 7Kgf/mm?
(6,+0.)

Elongation 18.9%
Reduction of area 44. 8%

21.2%
59.8%

21, 100K gf/mm?
0. 295

Young's modulus
Poisson’s ratio
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Table 4(a) Results of TL type CTS tests
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Fig. 3 Load-displacement curve for a TL type
CTS with a/W=0.61. Each number on
the line represents the point at which
unloading is performed. In this figure,
ripples on the curve due to noise are
within the thickness of the curve

a; : Initial crack length (mm)

as : Final crack length (mm)
Aa : a;—a; (mm)

Ja : The value as determined by ASTM Standard'® (Kgf/mm)

Jic : Critical value of J (Kgf/mm)
max d : Maximum load line displacement (mm)

Subscript m means the quantity is the measured value, while ¢ means the quantity is the value

computed from compliance measurement

a; ar Aa(zaf—a;)
Specimen a/W Ja max o
(@dn (@) (as)= (as)e (Ad)= (Aa).

TL61S1 0. 608 31.03 31.35 34.69 34.59 3. 66 3.24 16.73 1.99
TL61S2 0.611 31.19 31.34 34.42 34.37 3.23 3.03 17.28 2.04
TL66S1 0. 659 33.64 33.96 36.48 36.21 2.84 2.25 16. 84 1. 99
TL66S2 0. 665 33.95 34,08 37.19 36.70 3.24 2.62 16. 15 1. 99
TL76S1 0. 758 38.64 38.86 41,90 41.75 3.26 2.89 14.17 2.99
TL7652 0.761 38.82 39.04 40.21 40. 36 1.39 1.32 15.14 2.16
TL86S1 0. 861 43.92 43.83 44,42 44,28 0.50 0.45 11.43 2.12

Jic [Mean of valid values of JoJ : 16.05
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Table 4(b) Results of LT type CTS tests

: Initial crack length (mm)
: Final crack length (mm)
rar—a; (mm)

a;
as
Aa
Ja

Jic : Critical value of J (Kgf/mm)

max 4§ : Maximum load line displacement (mm)

: The value as determined by ASTM Standard'® (Kgf/mm)

Subscript m means the quantity is the measured value, while ¢ means the quantity is the value

computed from compliance measurement

a; as Aa(=a;—a;)
Specimen a/W Jo max o
(ai)a (a:). (as)a (as). (Aa)a (GYP
LT61S1 0. 606 30.90 30.97 31.76 31.69 0. 86 0.72 30.24 2.23
LT61S2 0. 609 31.08 31.09 32.03 31.68 0.95 0.59 31.87 1.93
LT66S1 0.656 33.44 33.37 34.07 33.80 0.63 0.43 31.23 2.04
LT6652 0. 660 33.64 33.61 34.25 33.88 0.61 0.27 33.30 1.99
LT76S1 0.758 38.68 38.68 39.28 39.18 0. 60 0.50 33.69 . 2.95
LT76S2 0.759 38.69 38. 68 39.37 39.19 0.68 0.51 33.79 2.9
LT86S1 0. 855 43.60 43.57 43.83 43.66 0.23 0.09 26. 20 2.93
Jic (Mean of valid values fql : 32.35
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Fig. 5(a) J—Aa curves for specimens, TL type Fig. 6(a) J—Aa curve for specimens, LT type
with a/W=0.61. Results for specimen with a/W=0.61. Other notations are
#1 (TL61S1) are shown in the upper identical to those in Fig. 5(a).
region where the left ordinate is used, (b) J—Aa curve for specimens, LT type
while the results for specimen #2(TL with a/W=0.66. Other notations are
61S2) are shown in the lower region identical to those in Fig. 5(a).
where the right ordinate having dif- (¢) J—Aa curve for specimens, LT type
ferent origin is used. The upper and with a/W=0.76. Other notations are
lower regions are separated by the identical to those in Fig. 5(a).
broken lines. The symbol A represents (d) J—Aa curve for specimen, LT type
the results from eq. (3), while the with a/W=0.86. Only one specimen
symbol O from eq. (6). The symbol @ is tested in this case. Other notations
shows the crack length as measured are identical to those in Fig. 5(a).
om heat tintin _ .
from heat tinting at the last stage of o}, sq 91 ¥AL TLEISIAH AT J-Aa
) o = -
(b) J—Aq curve for specimens, TL type  T422 J&E 4% $456 yehigia, 4 o
with a/W=0.66. Other notations are  F4A-& TL6IS2 A&e] wif Aoz Jge 285
identical to those in Fig. 5(a). 2z %4 JElgiel, 2L W e = Fig. 5(b): TL

(¢) J—Aa curve for specimens, TL type
with a/W=0.76. Other notations are
identical to those in Fig. 5(a).

J—Aa curve for specimen, TL type
with a/W=0.86. Only one specimen
is tested in this case. Other notations
are identical those in Fig. 5(a).
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Table 5 Results of parameters related to J-con-
trolled crack growth (see Eq. 7)
(a) TL Type, Jic=16.05 Kgf/mm.

A4 7t} )
TL ¢
0. 066

. g | ooB b d ]
Specimen T | Tre (Aa). |0.068 | w= T dz
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TL76S1 60.6| 124.4| 3.26] 0.742 6.41
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TL86S1 34.7| 124.4] 0.50( 0.425 3.9
(b) LT Type Jic=32.35Kgf/mm.
gb | g,B . b dJ
Specimen T | Tre (A0)~ [0.060 | w= T da
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