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Abstract: This paper deals with the statistical properties of parameters B and ¢ in the creep crack growth rate (CCGR)
law, da/d=B(C*)?, in Mod. 9Cr-1Mo (ASME Gr.91) steel which is considered a candidate materials for fabricating next
generation nuclear reactors. The CCGR data were obtained by creep crack growth (CCG) tests performed on 1/2-inch
compact tension (CT) specimens under an applied load of S000N at a temperature of 600°C. The CCG behavior was
analyzed statistically using the empirical equation between CCGR, da/dt and the creep fracture mechanics parameter, C*.
The B and g values were determined for each specimen by the least-squares fitting method. The probability distribution
functions for B and g were investigated using normal, log-normal, and Weibull distributions. As far as this study is
considered, it can be appeared that B and ¢ followed the log-normal and Weibull distributions. Moreover, a strong
positive linear correlation was found between B and gq.

1. M

Mod. 9Cr-IMo(ASME Gr.91) & @ ~ELfo] &
gl el nlud T =2 T x G}
W2AdS AYa o, v I3 d5E
a3 B AR, ARFEE A3 97 H W7b 122 (Sodium-cooled Fast Reactor :

=] & o P + )
'IHTf:oﬂ ‘1W U]EH S JZ]'E S %21 al SFR) ) U]EH@ O_]X]_i 1:4 1:11—7(4/\ :TLZE%'C

T TEE WG ABINE SATEAAD0. ssovelrel wedld 20304 o] 3710

5.27.-28., A'g b =59,
) Bob ANSHES A7) g G 7k A

* Corresponding Author, sjkim@pknu.ac.kr
© 2011 The Korean Society of Mechanical Engineers 1 T3 EAo golo] FQFit} whEbA 11

(Ultra—SuperCrmcal : USC) = d 4]l 500MW
R 5657E EE $% USC ZHEE

§
o gaga qge

b gy




=

252 247 -\

R

e Tz Are AA ¥ Aofw o= 94
e age, a9z gd ) 2 T8z gd A
Aol g BrpF Vx4 oR2 e qEh

oA H 9Cr-1Mo 79l rHt;

&l &gk AF7F =A14

913}(4 10 :LEM ERtE 73
E

HJ
-
I
s
2 r
o_>|:

8 AHE T Am el A" Adtely mA o
Ao Al os Y= A= 4 AR
o] e YFESE AAGE Agdde A=z
&9 4 A% seto] Fastth ol By
=
-

N

= Es s
9Cr-1Mo 7ol tj
B3 A7 AR
9% dlojElE o5
g X 42} cﬂo] 1
79_ 1— ]1 o]

d "
R (ol (1)

A7, da/dr= AT|E FE d%E(creep crack
growth rate)°]™, C*= A xo| gt 3}y A3}
3} 2} B (creep fracture mechanics parameter)©| T},
w3 B AYEZ < AF Ao, g A
g 4 |20l

A e A8z 49 AYE dadt E BN
of QojAl Az el &2 1 (nature of material),
Aol 7k, Aot A3 #4 e nlE
/KO

d JHES AEsta FYHow Priet)
ME s W-eRe] Mess aHd 48§
AF QL ol ek

eba AEE gd e gEH 5S4
gobalz] el E A ()9 A= 7d AFGE
HAOl Wieh setHE Bk ¢of SE S SE

o]y 2 BHAA 2 AFelA = 9Cr-1Mo
7ol 600CollA el T stFzslolA 2 A
A% dolg"e] 27)2] Al B NFS F7}
skl F 5709 cTAI g gk 3 AP E f
g AF AF dolge] gk AF Wsld wE
A= #4 4% delgE didsith. 1ga
A= #E A AS Bet A¥E HE 4F A

B R
F g9 BAA A FERE ATS At 2
Z, AT FE 2Ea selE FEo| tfstel
Adstel o sEREe] AEe nEsglen,
vtebe o] stER st WY E st
A e AEST

2 ME W JBlT B MF MY

= AT AHEE Mod. 9Cr-1Mo 2 d3F 4

S wdglo]A W elxE Ay AR
5 'i”i S Table 10 UERASI oM, S 60

CollA o]l e 7]AA AAE Table 20 HER]
Avk. AE #d A% AP ASTM E1457"
o ool FAsen], B Agd A A
H2 Fig. 17 &2 12" CT(compact tension) A&
He AHEsSlH

99 BYY @4e WA dsked AEw
o] FA9 20%= W F& 7HESSith vl
<2 EDM(electro discharge machining) &2 3/ Al
Atk AR Lx A4S AF dAnE A
H fAEH oo Z 2~5 mm G| vl
Aol HAaA. AFAIA ] FFH B
AR s Aol 27k ¥e QT ol 7}
g2 9F-2 wlo] LVDT(linear variable differential

Table 1 Chemical composition of the 9Cr-1Mo steel
C Mn P S Si Cu Ni

0.115 | 0.415 |0.012 |0.0014 |0.230 |0.038 |0.220

Cr Mo Al Nb Vv Ti N

8.9 |0.869 |0.020 |0.073 |0.194 |0.003 |0.0513

Table 2 Mechanical properties of the 9Cr-1Mo steel
£, = D(O‘/Uy)m és= Ao"

Temp. E Oy
(C) |[(GPa) |(MPa)

D m A n
600 164 |247.5 0.0017 (6.4 ([1.28 |9.98
E-27
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Table 3 Creep crack growth testing matrix

Sp. ID. a(mm) ao(mm) agy{mm) am{mm)  By(mm) B(mm) W(mm)  error(%)
G91-A 10.22 11.669 13.086 13.283 10.119 12.654 25.299 -1.486
G91-B 10.102 11.456 13.624 13.694 10.161 12.688 25.40 -0.511

GI1-C 10.077 11.378 13.691 13.726 10.168 12.655 25.345 -0.257
G91-D 10.086 11.614 14.355 14.224 10.179 12.680 25.696 0.924
GI1-E 10.075 11.605 13.283 13.436 10.172 12.670 25.346 -1.136

~ {e] Nickel wire welding
12.7 T +6.3: 185 2 G91-A :)_
__.i |~ gmo E
A 4 g
0 71 F ® s
b T kel 0 500 1000 1500
E - Time (h)
Fig. 1 Geometry of 1/2" CT specimen (unit : mm) Fig. 2 Creep crack growth curves for 5 specimens
transformer) W] 701 A& F3to] FAsATE Al FEH FAFHE BoFAE, v 2k Fd
3 o #4¥ dol= AFH A (direct current stse] Ad xHstAME A o449 A 4
potential drop, DCPD),—C:’,_ o] -83lo] =A 3 T) o] 71717 AgHrttr =24 yERta gl o]
AF AL 60T FA R FEe = Az gD A o Qs a2 7 A
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o] wEsta 9o o 4= 9t} W el 524 A (probabilistic process) Y=
@9 e wueds A= sedE ool A w8E &l
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Fig. 5 Creep crack growth data for 5 specimens
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Table 4 Result values for the parameter B and ¢
Sp. ID B (x0.01) q
G91-A 3.38 1.03
G91-B 2.98 1.02
G91-C 1.86 0.77
G91-D 2.51 0.88
G91-E 2.04 0.76
Mean 2.55 0.89
STD 0.635 0.13
cov 0.249 0.146
All data 2.50 0.91
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