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A Modification of the C* Integral Considering the Effect of Crack Growth

Y.H. Choi, .M. Bang, Y.Y. Earmme and J.H. Song
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Abstract

A modified C* integral as a load parameter in creep fracture is proposed considering the effect
of crack growth. It is shown that the parameter does not depend on crack velocity. By performing
experiment using STS 304 stainless steel at 600°C the validity of the parameter is investigated.

The results show that the parameter is a good measure as a load parameter in creep fracture and

the rate of crack tip opening displacement can also be a creep load parameter for STS 304 at

600C,
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Fig. 1 The geometry and dimensions of the compact
tension specimen. B; represents a specimen
thickness

mm )
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Table 1 Material properties of STS 304 at 600°C

Yield | Tensile | Young’s| Creep Cree
stress | strength | modulus coeff. ex P
(MPa) | (MPa) | (MPa) | (1/sec) P
107.9 369.8 |152000.0/6.990 E-05| 6

Table 2 Experimental conditions

Specimen| Bt P a Ki(MN/
number | (mm) (N) (mm) m?)
C4-1 9.97 7921.6 | 25.99 36.42
C4-2 10.04 8430.7 | 26.78 38.25
C4-3 9.99 8544.5 | 25.82 38.85
C4-4 9.98 8956.5 | 25.43 39.83
C4-5 10.05 9192.0 | 26.06 42,44
C4-6 24.91 | 24879.1 | 25.75 45.23
C4-7 6.08 5709.4 26.12 43.52
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Fig. 2 Curves for the normalized crack tip opening
displacement due to the crack growth vs. the
normalized crack growth amount for 304SS at
600°C. The values are normalized by their
maximun values respectively
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Curves for the normalized rate of the crack tip
opening displacement vs. the normalized rate
of the crack opening displacement for 304SS
at 600°C. The values are normalized by their
maximum values respectively
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Fig. 4 The relationships between the C* integral

and the noralized time for the C4-2 specimen
of 304SS at 600°C
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The relationships between the creep crack
growth rate and the C* integral for 304SS at

600°C. The experimental conditions of above
specimens are represented in Table 2
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The relationships between the creep crack
growth rate and the Cp parameter for 304SS
at 600C. The experimental conditions of
above specimens are represented in Table 2
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Al Hel 4] A ¥ = (plane strain) Aefol H
¥ (plane strain) A& FEI}E 7|Fe] ofFy
floene B 79 A AdE F4EA 4
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e Axe H=E Aoz FHIA, A
+E F C* Cr, Cme A2 & 395 71Ax
R, Che U9 H4-E3 o G2 E AR
georz F49 Ad £5& J[Foz 4A¥E via
ok gt WA =2Y 5 =S 7 A
£xote] FAE ohgd ¥4 JuE HaAe
© 2 3 ¥ (fitting) 3} =},

a=£C(t)° (29)

21(29)oll A g9 o AFeoli C(HE C*, O,
Cr, 28l3 Cms EZFH oz Jeld Hol|rt}, o
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9 g 42 [N/m*sec]l, [N/m], [N/mx*
sec], [N/m#sec]olc}, 4ol iy " Sx& o
<3 Ze] A s}za],

S:=(Z 1 dm—eC)* /N (30)
AB0NA ane AN 248 Fd AR 45
olz, £9 ot A(29)olA AW opoloh, =&

< AAl slolHY Agolnt, B AFAE o
& F4A A% ALE TYY, A, 4¥Y A
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AR 49 0 AL 2 ALE TG £ A
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The relationships between the creep crack
growth rate and the Cr parameter for 304SS
at 600°C. The exprimental conditions of
above specimens are represented in Table 2
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Table 3 Deviations for ¢ vs. C(¢) in Eq. (29)

C(t Sxl(mm/sec) | S,2(mm/sec)
c* 6.98E-6 7.02E-6
Ch 2.00E-5 2.45E-5
Cr 6.22E-6 5.83E-6
Cm 5.65E-6 4.96E-6

o} & Sxlzt Sx29] Fte] Table 30 FA]s|o]
Ak Foll eld viol el Cpe AEE
815 oA 4ol wig WS & 4 gl =
3 C* Cr, CmAEEs C* Cr, Cmo $o2
Aasta des & F AUk 53 7 AA &=
7b & "WYatg 2@ o), Cme 4AXE C*9 4
Fol vld} A Fadn Y& RAEH

43 Cme 82

Cme FASE % A¥el G%e Gohrs, 4
(14)= 34 a9 o] Cm2 Cr3t 7+ AA9]
E3g nef o FE yEes T4H Yok o
AN CrE e 2ol AelHA,

Ch=— d“aacd’ dé (31)

Cr3t Cp7t Cmoll o= A= 75 AEF =4
7] st o3 o] R1, R2E A9 3AL

R1=Cr/Cm (32)

R2=Cp/Cm (33)
Fig. 9= A1gd C4-1d] 9@ R1=z R2E veld
aolch, ao4 2 AY AZE HFE AY
AzZtez 535t A7 <gelrh, ¢4 AA £E7
F713l w2l Cpel kel F7ksted Cm kol el
Hd 10%9 7145 dz Q& B Fo,

el Axwgs Lo qepaa vehe
wish 2ol Bg ¥ sbA 4% E3 B2 T4
Ak, 474 E, B, 28z ¥ @9l ¥, R3:
b3 2ok,

&

_(.n_ yCrla
E‘_[n+1 b ]iz‘ (34)
Cr C*wsr
E,=—— Yt a4 (35)
na P ’
_/;C n+idt
R3=E2/E1 (36)

Fig. 10& A9® Ci-200 g R3S e T34
58 A7 teol AS hehd 2ol R39) el
9 A S5 Fobol wet 348 gaddn gl
Beol 3 9lel, olAL T AH 27

o

K-R
]

cdEEd A

£ B L0 ge Avsa, 39 A0l 2
Q94 B atel S g Avska 9

& el

5.2 B

(1) C*AEE A5l 9 AA9] A3E wiA|
T A2E a2y 3% Ay Cme F=33A0

2) Cmel 27 s3g F9 AAE Awsle &
/3 3F lAHELS 600CANA STS 304 25|
da 7L A3 27 sy AP S Fsle Fal
st ot

1.2
1.0
~N IS o
o R1
o 081
]
2 oe-
o
0.4-
0.24
R2
Rz
0.0
Y 02 04 08 . 08 1.0
R
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Fig. 10 Variations of R3 with the normalized time
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