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A Study on J-Resistance Curve of Low-carbon Steel
Using Center Cracked Tension Specimen
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In this paper, the J-resistance curve of low-carbon steel with 3 mm thickness was investigated for

various crack ratios. The experiments were carried out for the center cracked tension (CCT) specimen

with about 50 m# width on an instron machine.

The plane stress fracture toughness obtained by the Simpson’s formula was J;,=24.96 kgj/mm. Sim-

pson’s formula which considers crack growth in obtaining J integral showed more conservative J;, than

Rice’s and Sumpter’s.

For materials that may be approximated by the Ramberg and Osgood stress strain law, the relevant

crack parameters like the J integral, load line displacement are approximately normalized.

Crack driving forces in terms of the J integral are computed for low-carbon steel CCT specimen

using the above estimation scheme. Comparison of the prediction with actual experimental measurements

by Simpson’s formula showed good agreement for several different sized spacimen.
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Table 1. Chemical composition (%)

C 1 Mn [ p ] s ce | or | mi

0.13 0.23 0.02 0.01 0.01 0.04 0.04

Table 2. Mechanical properties

42.1 kgf/mm?
28.6 kgf/mm?
48.5%

Tensile strength
Yield strength
Elongation
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Fig.1. Geometry and dimensions of CCT specimen.
Amd AgRe e A e PARE
40% A+ AT ssted olslzad g 2.5mm
Bx Fo] mRv]s}k 0.50, 0.60, 0.700] HEZ g
F 2% 1088 QEEE A/ K4 ABAE A4E
CEEEREET L
Pp=(W-2a)Boy, 1)

T Al Ay oF
AAH, WE ¥ Z, 2¢ =

AR A, oy FE-gdol
AL A slgoen, adAde: FIEANA

afAe], B

HAEvtolad 2y & 2AbEstglon, sialAgde] T
% adste mA el Ihqlatgrh. sEAENd e
813 A XY EAlel 7 %elzm, = o8 X—
YA EAE ol &3t FEAA s Sstadeh o] Azt
E b3 Aol Eg AL ol Esld JAE2FEL A
A

ol
o
32
X

3} Z2e -“\Pﬂ P A5 °l oz glvt
1 U
I=~F 6o @

3 Rice 502 439153 44 Bl WA e
RAA Qe ol Ested et 2o AL
.

24
T=C+grw=za) 3
A7A AL HEHAFAS $AA (offset line) o =

EHeg skl "d&olm, G ol YA s]uk-g(energy rel-
ease rate) 2 G=K2/E ¢ AAAL 7A+, K+ &
Y7} = A 4 (stress intensity factor)2A &3
1—4,11)

K=ova i 57) | @
7(55) = 1-o.0a8(57) s 0.06(57) )

X \/ sec (7%;) (&)

Sumpter 5192 AWA 2ope] FRY LAY J
A2AE Ga3h el Adstalsh
2'I¢U 2'IpU» ~
J=BwW =23y BQW -22) ®

AAM, 10 mE A7 B % £AAFEA 7,
(A5 2ow13, 7,=0.50]h. Ue 9 Up & 514
44 2R AU o e

WL

ne=(1-25 )57 757 ) @
=Gl 57 2 cosh-t COSh(%)
= e ) T 5 }



NN (Si“(fvTa/) )2
W sinh(%)

q714, yE HA&54dAe,

=l

}**’ *:vy] @

vE Topgulol.

Garwood 519 zaie] 4abgtel wheb J 3 ko]
Seg7k S e wAEA el 2] ARy

A1 s}%'ﬂ«i
A4S 448

sl &, Fig.26]4 sz e
FH A 0SPQ o) 7t
WA FAql ORQol &gk

F49 qH o4l

Load

o 7t s
J AR AT 4 GeE An
aool W%k 5
WA A ol 4 sk
4 A% ABsedo} ] 4
Fol AL AE 4T + Ak,

_?_I

Ji=(Jia=G)

w4414 7-¢ Ramberg 2} Osgood o] 2 ¥4

£ AL B8 ek

£ozad)
o714 &y oy=EE A2 wigEolm at AR
A4, ne YA Fol o).

AZE A10E FEhx Fhgshd, J AL 9
HDE o3 o] gAYl 248202 g
4 g

J=J(a)+J(a,n) an
Ad=A4d(a,)+ 4(a,n) (12)

W'—Zai
W-2d,'..1

Zel ek

=Gy +

2HT (DL A
4% v, A EsY.

2(‘4 A:—I)
B(W-2a,y)

A7A HA i i e vz, 4
aigse JHE
X ATedAde (3,604 o1 %sted T ARYLS
:r‘s}:a, FAld RS
JAERE T F

2. HERE LS 28 T HEBL

®

d 2 J;

&}

3714 e & Bgd A9k FE2 R0l

B o] T

J=na,P?f2(2a,/ W) /E32 we
4=2a, PVy(2a,/W)/EB

< ge3} 2o,

as
asd

0 Load line displacement

Fig.2. Load vs. load line displacement diagram.
OSPQ : Actual load-displacement curve
ORQ : Postulated load-displacement curve
OSPQO: Area A
ORQO : Area A,
OPQO : Area Ag-Area A,

Simpson!9).2- Garwood 5-190] A 3t w3}k 4 (2)
€ olgsted B3t 2o) Adaa s

Table 3. h;, hy for plane stress CCT specimen
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2a/W N 2 3 5 7 10 13 16 20
1/4 { h, 2.544 2.972 3.140 3.195 - 3.106 2.896 2.647 2.467 2.19
hy 0.611 1.010 1.852 1.830 2.083 2.191 2.122 2.009 1.792
3/8 { h, 2.344 2.533 2.515 2.346 2.173 1.953 1.766 1.608 1.431
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Fig. 3. J-resistance curve for CCT specimen with
2a/W =0.50.
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Fig. 5. J-resistance curve for CCT specimen with
2a/W =0.70.
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Fig. 7. Comparison of predicted and experimentally
measured load-displacement curve for CCT
specimen with 2a/W=0.70.
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