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Abstract: The study investigated the effect of the distance between two collinear circumferential surface cracks on the
primary stress corrosion crack (PWSCC) growth in alloy 600TT steam generator tubes using a finite element damage
analysis based on the PWSCC initiation model and macroscopic phenomenological damage mechanics approach. The
damage analysis method was verified by comparing the results to the previous study results. The verified method was
applied to collinear circumferential surface PWSCCs. As a result, it was found that the collinear cracks showed earlier
coalescence and penetration times than the a single crack, and the times increased with the distance. In addition, it is
expected that penetration may occur before coalescence of two cracks if they are more than a specific distance apart.

LM = T Ee ASEH s Adde] 24 A6

= S B3 H o]k g} Alloy 600741 YA 7] g3

AzE WAL Z7)g7] A w2 o7 A%E U 99 g S8 A
AL 3451 Y= 1223 G Fu Y= A hol] AR5 523 A (PWSCC : primary water
2= FRIE A2 YA s AAe o stress corrosion cracking) Aol W aEa glrh®
g9 F3sts obd 1553 7]7)ol) wglad A4 PWSCCE A= 744 o+E AAe fA 9

of ot WA 4 AE FALeUAE AAA
+ Corresponding Author, kimjsbat@suchon.ac.kr ol AUudsl 7)ol W
© 2015 The Korean Society of Mechanical Engineers =71 7] Ad el wHAlE= pWSCC A A}




|

PWSCC FWHTdel A HAAS F3skd]
PWSCC W 44AFS uz3d nf Qrp.?
EPRI(Electric Power Research Institute)ol] 4 & 7]
A7) Adee] pwsce A 2 A} sk
A A, A4 H7F T ggd A7E TR
vl 91t} G KAERI(Korea Atomic Energy Research
Institute) | Al S 7]EA8 7] HE#E] PWSCC A
A BEE ggd ArE 3% np AP
AEAH o2 PWSCC /A 23 AAA F53st
E9st J2HE o]&e pwsce 4 H7t

49 2 H¥y FWE FW PWSCC 4F AEs
7hek vk Stk ® T, SR gl

e

g A= Folry] ofHrt

Foll A= Alloy 600TT Z7]¥A17] A4
dy AFuek ¥ PWSCC A A
Fo] Jistal A 5g PWSCC 7HA
&

=
ol
Ho
o
ko
B
B
>
%,
o
X
- r
=)
o 7
i
ﬂll; J
o
o
O
o
s
o,

o o -
2 AL 0B ol sty gy e
T8 FEe2 4NN PEED BN BT 2
g e AN S

2.1 "Wop ghHE

2 ATdA = A () ol &4 DE PWSCC
AAIAZE 9} SN S8 dre] FEA Ao
skal 21 (2)~(10)ell AAE Garud®] PWSCC 7HA]
RE0g o] gatel W AFWE W PWSCC
345 Hreradh

i

v

dt
D=
[ (1)
0
A-z
In( )
l, =anzg|n(A)¥ (2)
n(5==)

/-z
a =1/ m037

G3)

CAFED - A

A = C.C 22r10IT @)
A=0.66¢""" )
_ |I’](r) 6
2=0.85+— (6)
S I"O'5

=102 L ()

L o
A 8
S ®)

y
C,=3857x107* ~ 2.31x107"% (Alloy600TT) 9
C,, =1.0 (Alloy 600 MA),

=1.61 (Alloy 600 LTMA + TT) (10)
A7IA e, © Airstd SHFATE WA
8F2lA}, A, & Arrhenius =% FHAS 3=

S x v, TE &%, Ex 84 A4, S, s, &= 24
7y =3t = 7t %

WA E o] T} Alloy600TTE= D% A2 Alloy 600
<, Alloy600MAE= & ol A% Alloy 600+,

Alloy600LTMAT A= 2 ofd® A% Alloy

600= M| gkt
T2 o]l A #@el 1o =gE o, #E A

& T te 2ol EAMHET

O Arel a5 AAey ddes A 98,
84 W 83 Gaussian HEH|Ae RE
g AR SRS 0 o 2HI 2 Gho
2 HtE F43H FAERE A

O olgfst =AE A& Foash Z=aQ

ABAQUS""¢] ALga} A o]
Subroutine)$! USDFLD!?-&- o]-&3&}o] mAps,

ok A g 2ed 59
gog 5 gk gaw 79 Aw
A gl QA @l 1o %
dda mAme 7 44 5 7
Wl 4 9ok

=) 4
HEESE

Ho

22 B HE

B Ao = Fig. 13 22 Alloy 600TT 57|
U7 dEde] EAEeE dd 59 a9
PWSCColl thal] f3te s &Ateja S Faste] =

1
%3 749 AAWEES Yamamoto S99 A3d ZAy@
o} wluste] A4JAA C, w4 Fig. 29F o] wA



Alloy 600TT 571248 7] Addad dd d+943F £

3 Ay, ¢, #S 46x10ME AAS
600TT Mo FHAreet A== 2%7‘
MPa¥} 706 MPa©|th.? Yamamoto 5¢] 2% 2
360 °C2] 2%, 21.1 MPa2] W<, 1800 ppme] B &
=,35 ppm-/] L1 &, 30 cc/kgH,09 T4 ilT—_%
7HA = BEAME AR AAE YA AE
Z A0t} @
g E Alloy 600TT
C Eﬂb_
geel FRas E4AAE FAT A5}
Yamamoto %9] A Ae A3s €S A S
Edste] vlagt 43

=%
K

7141 CGR(crack growth
rate)o 4‘?4_?—1“:’:] HAl Aol PWSCC BHEES
gulgttt, SHEIGUATE BHTE H A - A
SHSYA S ZEHA Yamamoto 52 =&l A A A
H A3} o] Newman-Rajud] F24]19& o] &-3}o

O &n) e

b o & EDM slit
135 L 135 I8 e §
2”0 1® L <
(Unit in mm) '
L : EDM slit length
a : Pre-crack depth EDM slit
K value
High | Medium Low
L (mm) 19 15 8
a/t (%) 40 30 30

Fig. 1 Dimensions of the Alloy 6OOTT steam generator
tubes for PWSCC growth test'”
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Fig. 2 Comparison of the experimental data for the Alloy
600TT tube with the prediction using FE damage
analysis for various C, values
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Fig. 3 Comparison of PWSCC growth rate data vs. stress
intensity factor for various cold working ratios
between the Yamamoto et al.’s test and the finite
element damage analyses
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Table 1 Finite element damage analysis cases

No. w (mm) a/w 2a/c h/a
C-1 1 0.1 1/6 5

C-2 1 0.1 1/6 10.
C-3 1 0.1 1/6 20
C-4 1 0.1 1/6 40
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Fig. 4 Schematic configurations of the steam generator
tube with the collinear circumferential surface
PWSCCs
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Fig. 5 A representative finite element model (C-2:
aw=0.1, 2a/c=1/6, h/a=10) of the steam
generator tube with the collinear circumferential
surface PWSCCs
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Fig. 6 Collinear circumferential surface PWSCC growth
behavior of the steam generator tube C-2 (a/w=0.1,
2a/c=1/6, h/a=10)
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Fig. 7 Variations of the coalescence and penetration
times vs. the distance between two collinear
circumferential cracks
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