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Evaluation of C-parameter for Weld Interface Crack
Considering Material Plastic Behavior

Kee Bong Yoon and Jin Sang Lee
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M), Cintegral(C"-2£), Weld(£73 %), Fusion Line Crack(£847 %)

Abstract

In this study, behavior of C, which is a well-known fracture parameter characterizing creep crack
growth rate, is investigated for weld interface cracks. Finite element analyses were performed for a
C(T) specimen under constant loading condition for elastic-plastic-creeping materials. In modeling C(T)
geometry, an interface was employed along the crack plane which simulated the interface between weld
and base metals. The C, versus time relations were obtained under various creep constant combinations
and plastic constant combinations for weld and base metals, respectively. A unified C, versus time
curve is obtained by normalizing C, with C  and t with # for all the cases of material constant

variations.
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Table 1 Material properties of base and weld metals
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. Temp. £ Yeild Tensile D 4
Material ) (GPa) v S(tlr\ir}x’gh St(r;;xpg;;\ (MPz™) m (MPa™ - hr’l) n
Base 282.0 494.5 2.54E-13 4.68 - -
25 205 0.3
Weld 198.0 382.0 2.65E-10 3.24 - -
Base 258.8 308.0 4.95E-34 12.75 1.83E-24 9.03
538 175 0.3
Weld 136.0 235.0 4.03E-17 6.11 6.36E-23 9.36
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Table 2 Creep properties for welded specimen Table 3 Creep properties for welded specimen

analysis with various 4 values

analysis with various n values

166 16-5 1e-4 1e-3 18-2 1e-1 1640 1o+l 1842  10+3

time (hr)

Fig. 3 V. variations for welded specimen analysis

with various creep coefficient(4) values

Analysis A4 (MPa" - hr'") n Analysis A4 (MPa™ - hr'") n
Welded Weld 1 6.36E-23 9.36 Welded Weld 4 6.36E-23 9.36
Specimen 1 | Bage | 1.27E-23 9.36 Specimen 4 | Base 4 6.36E-23 9.03
Welded Weld 2 6.36E-23 9.36 Welded Weld 5 6.36E-23 9.36
Specimen 2 | Base 2 6.36E-24 9.36 Specimen 5 | Bage 5 . 6.36E-23 8.70
Welded Weld 3 6.36E-23 9.36 Welded Weld 6 6.36E-23 9.36
Specimen 3 | Base 3 1.27E-24 936 Specimen 6 | Base 6 6.36E-23 8.37
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1o+ 1841
—— Weld 1 (A=6.36E-23, n=9.36) —— Waeid 4 (A=6.36E-23, n=9.36}
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Fig. 4 V, variations for welded specimen analysis

with various creep exponent(n) values
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Fig. 5 Normalized V, curves for welded specimen
analysis with various creep properties

2 Yehd ¢ glvh o9k e Ee R 3
aHZe AN FAE JehSd od o] F
A ERAHY S 7tz A SFATeR
o] FAxl Al AW F ke dFHERS
AHEEHT ol o)HATVAM olFA &HA
Hnel FAgE catel A9 &4Ad C'EY
Ao A8 & F UAr] sl
Fig. 6914 B9 A% niko) 42t M2 02 &
Aot &3Ae FAAE AY F JHez ¢
&1, o|FA LAAHe] Ao F3x7] o}
F H2 A sdole ofzhe] Apelzb YAIuE Al
kol Ao wat X3k AdgE Hole AL

e & AWEdd G o

T %7t 681

—v— EL-SC (A=6.36E-23, n=9.36)

~&— EL-PL-SC (A=6.36E-23, 1=9.36)
1644 5 —8— EL-PL-SC (A=1.27E-23, n=9.36)
—&— EL-PL-5C (Welded specimen modai)

VIV,
s
3

1e-1 e ey

166 165 184 163 T1o2 To-1 1640 To+l 1642 Toed Tfo+d

M)/

—v— EL-SC (A=6.36E-23, n=9.36)

—&— EL-PL-SC (A=8.36E-23, 1=9.36)
tesd 4 —®— EL-PLSC (A=8.36E-23, n=0.03)
~—#— EL-PL-SC (Welded specimen model)

v,
3

to-t o - S

16 165 184 le3 |t~2 te-1  Te+0 e+t IMZ 1e+3  Te+d

() /1,
16+5
—v— EL-SC (A=8.36E-23, n=9.36)
& EL-PL.SC (A=$.36E-23, n=9.36)
to+d 5 —@— EL-PL-SC (A=1.27E-23, n=8.03)
~8— EL-PL-SC (Welded specimen model)
1e+3
.3
2 1ev2
o
>
Teel
1040 §

10-1 o o Tt u s
106 1e-5 184 1e-3 162 1e1 1840 Je+1 1e+2 Tesd lewd

(l+!p.) It

Fig. 6 Normalized V, curves for welded specimen
analysis with various plastic properties

& = Aok ojuf R} Z7|o] olFA) %Wlm
o] y.gtel Zol7t e AL A4FY WY &

Fo) FAn = 949 U9 $HF %MM
zpololl oA LAEE Aolgtm Az Ht)

(%

A7k

=

)

| w2 o]FA &HAIHY .o W3 A
ol g 2 Ao dFE dolrl H%H
Table 4, Table 59 o]l EAle] 24 A+ D}
&4 A5 m& 244 WA b 2Ae 83



682 &

Table 4 Plastic properties for welded specimen
analysis with various D values

Analysis D (MPa™) m
Welded Weld 7 4.95E-34 12.75
Specimen 7 |  Base 7 4.95E-32 12.75
Welded Weld 8 4.95E-34 12.75
Specimen 8 | Base § 4.95E-30 12.75
Welded Specimen Analysis 7
Te+d
—— Weld 7 (D=4.95E-34, m=12.75)
— — Base 7 (D=4.95€-32, m=12.75}
+  Welded specimen model 7
(Weld 7 + Base 7)
161
£
&
o
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183 N— r T o
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time (hr}
Welded Speclmen Analysis 8
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Fig. 7 V, variation for welded specimen analysis
with various plastic coefficient(D) values
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Table 5 Plastic properties for welded specimen
analysis with various m values

Analysis D (MPa™) m
Welded Weld 9 4.95E-34 12.75
Specimen | Base 9 4.95E-34 12.00
Welded Weld 10 4.95E-34 12.75
Specimen 10 | Base 10 4.95E-34 11.25
Welded Specimen Analysis 9
1942
~— Weld 9 (D=4 95E-34, m=12.75)
— — Base 9 {D=4,95E-34, m=12.00)
Tout « Wakied specimen mode! 9
(Weld 9 + Base 9)

V', (mmhr)

1e8 1e-5 164 1e-3 162 181

1640 tael  fes2  Tesd
time (hr)
Welded Specimen Analysis 10
tes2
—— —— Weld 10 (D=4.95E-34, m=12.75}
F ~ — — Base 10 (D=4 95634, m=11.25)
1o+t ~ + Welded specimen model 10
T N (Weld 10 +Base 10)
SN
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T et <\
E R
£ N\
->" te-1

Te8 197 166 te5 ted 163 102 1ot 10s0 lo+l Tles2 1e4d
time (hr)

Fig. 8 V, variation for welded specimen analysis
with various plastic exponent(m) values
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Fig. 9 Normalized V, curves for welded specimen
analysis with various plastic properties
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Fig. 10 Normalized V, curves for welded specimen
analysis with various creep and plastic

properties ‘
9 @ IHoR AAsm, oIFAH SHANAY A
ol Yo 9 Hols YA A2
of Aol met ANFHE AFS wolk e ¥

l

% 9ok oWl Rah z7ld) oA gHAAe
v.atol Folzk e AL 249dY ye) s
o Yy 2z G ol $Yge B 2

44 AMT L G WAEs Bt 683

olel ofajx A= Zlojzta Az

Fig. 102 Fig. 65} Fig. 99 vebd F4e 3
vo] aeiZo] Yed Ao, IEE A7t A
2 02 o|FATe &HAEA 24 At A

2 o]FAN &AAHY Az-EFHEAS

Adeo} Fxpdgeld BF shtR X dos
4 At
< 3EX 2N FAA A¢ HHA
o8 CGE ¥ F AT, A7d & ALy
AR FEANN F5D CY 1B )RS F
13tetH o|FA &HAHEY ¢E 7 5 o
oltt. 9ot #2 Wyer AWdTEe] e
A LHAHY CE HulstdE &4 ddAe

%*é%}%k%% S48 £ o9, o 12
TREY YT B YT YR FIHF F
BFg7tel] &8 5 Qlck ok, olw o]F A &
AA AL A 3yl 1 & AT FHe A
a7t ﬁﬁEEMOk ok B, S AHEEY &
d FRrelA e AT HASE F37] )
Ae g mB no 23 g ¢ e 2w
o g A7 dPFojof & Aol

°W N

5.8 &8

B Ao e mAg &7t %ZS |3 A
Hell #de] EAE u F2T FIAHF ASS
5438 & e BEE vy *%}71%% =3
ATt AR A S @42 AYZT
AEoR2 7Msta FH_AHE AHEste At
FAMY c(MAHY AFS o8 FL9 FI=
A5 2 2 Aed dE st B AT

&

AFHE QoW Y3 g

(1) ABE A5 4% oS UIAA 84
7 o]FA EAHANH AWFIEY At WE VY,
WS Vistt#d HolA 2 Fardset
I, 9 HEE LA olFA SHAEA F
AA AW BE A9 v, Wsade]l dX5
o}

2) 24 4 DSt mE ASAA MG AR
o] FA EHAH AWgdY Azt mE Yy, W



684 &7 B

SRANES A AE ZE B9 v, Asy
Aol dA kgt

@) WA, F2A4 gAY v, MgnHez
FH &4 gge 2L vt MR e oF
A SRR VRFFAE dFdte ojFA &
BAHe negay apdsd ¢ ARsE 3
7teta, A9He2 549 dodrC AANE H

43td 2T FIAFE A5 & Aok

2|

ol

B =8 dFHEAG st AFBdsa 4
v]ebAAN HYL AT HE(SAFE)S A4 A4

r
2 oolgon oo AR HREN A}
4

il
ror

tns

(1) &71%, A8F, AKF9, 1998, "2&AYE =
AolA ERAE #do ¢ Wb e
AFAH AT WA =73 AR, A2
A A12E, pp. 2239~2246.

(2) Saxena, A., Cretegny, L., Grover, P.S. and
Norris, R.H., 1998,
Crack Growth
Temperature,"

"Modeling of Fracture and
High
HIDA

in Weld Operating at
Proceedings  of Int.
Conference, Paris, France 15-17 April.

Al

\_.}\Ol‘

() &71%, AFE, UL, 1998, "I &
5o ZYZ FIAZAT 22F, AI7A
3= Ad, A229 A123F, pp. 2153~ 2162.
(4) Saxena, A., 1986, "Creep Crack Growth under
Non-Steady State Conditions," ASTM STP 903, pp.
185~201.

(5) Yoon, K.B., Saxena, A. and McDowell, D.L.,
1992, "Influence of Crack-tip Cyclic Plasticity on
Creep-Fatigue Crack Growth,” ASTM STP 1131,
pp. 367~392.

(6) Yoon, K.B., Saxena, A. and Liaw, P.K., 1993,
"Characterization of Creep-Fatigue Crack Growth
Behavior under Trapezoidal Waveshape Using
Ci-parameter,” Int. J. of Fracture, Vol. 59, No. 2,
pp. 95~114.

() A, &71%, AP, WA, oaF, 1997,
"1Cr-0.5Mo’%d 8AF dd¢9 neHIAF 4
T FAEGAREA Ald A3, pp.
45~56.

®) €718, HEE, &2, 1998, "$AHAVLE
o AT FE4FE AT #F A7) dFE
AstslA] A16d 445, pp. 339~347.

(9 Liaw, PX., Rao, G.V., Burke, M.G., 1991,
"Creep Fracture Behavior of 2.25Cr-1Mo Welds
from a 31-year-old Fossil Power Plant," Materials

Science and Engineering, A131, pp. 187~201.



