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Evaluation of Creep Crack Growth Failure Probability
at Weld Interface Using Monte Carlo Simulation
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Abstract

A probabilistic approach for evaluating failure risk is suggested in this paper. Probabilistic fracture analyses were
performed for a pressurized pipe of a Cr-Mo steel reflecting variation of material properties at high temperature. A
crack was assumed to be located along the weld fusion line. Probability density functions of major variables were
determined by statistical analyses of material creep and creep crack growth data measured by the previous experimental
studies by authors. Distributions of these variables were implemented in Monte Carlo simulation of this study. As a
fracture parameter for characterizing growth of a fusion line crack between two materials with different creep
properties, C; normalized with C'was employed. And the elapsed time was also normalized with tr. Resultingly, failure
probability as a function of operating time was evaluated for various cases. Conventional deterministic life assessment
result was turned out to be conservative compared with that of probabilistic result. Sensitivity analysis for each input
variable was conducted to understand the most influencing variable to the analysis results. Internal pressure, creep
crack growth coefficient and creep coefficient were more sensitive to failure probability than other variables.

* Corresponding author : kbyoon@cau.ac.kr (Received June 22, 2005)

Key Words : Creep, Weld fusion line, Crack, PFM(probabilistic fracture mechanics), Monte carlo simulation, High
temperature

LM B aw ?%%4 ¢ S BT} AAFo
ul

l‘UO

AR A g 7Nk T A gd v1E unHg ﬁ% 2 3298 (probabilistic  fracture
of g rPHe Hrlo] a3 WS dged wf b mechanics) e E=stelof gttt EE NEE =Y

& nHe tEges 1% fEsid FPsint. 92 19709t FE A7) AlRste] 1980
aey olgld e AAEE dFsitta 7Pget 7] ol vl=e] Azt Wi A&st7] $gk A7t
ks FA o= ooz Bilylo] FERIE 7H gre] g lon, o] Yz Wbl F9 9
Aot w2 EH g 9ges Aeste] FEErt Lo g okt Q—.L%ﬁrﬂ Zgagho] JPEEglen
S 74T A5 F8 dAf= folshd Bt doe 4 12 B AgEs FeZ gdigd od e A

REVERERRE 234 569, 20054 128 557

Copyright (C) 2006 NuriMedia Co., Ltd.



62 o] A A& B
2o g A7E S v Yop. meox FdF g A T& HEHT YH ek ok dgoA e
J g B E B8 &0 AFE] Y= &5\:‘501] = JARD ] §A0) 9l EPRI =iV om

A v FHgelA vl 3 .
WS 73 Y olEAEY AW < (interfacial
crack)o] EAE Afele= il
ooyt FAANA fH 7o Sl
I ofnlE @ "t webr] 7|19 4 Alsed o
Co Mi7iFRte 2= &5 dde] Agx Ass A
a7 EFEotER AW s
o] geolgo] AR
2 AT e 22dA ARREE AR ZE
OEd/HX}oﬂ _/]“6]— J}-{I: ﬁ]—ao 78131:7@% Eﬂ7]—" ]Fd
el T2 AFRA AAWL 7T e oF A
T tigh sk gE HrPEd] diste] AFsisith. o
£ 93l AxL 83 Ao 12 B4 Y3t &
AR A A 9 ZHIREERY AAE o] st A=
2 Az B42 /e AR AW EAlete &
go| I gES Wriske AAE gyttt JHE

= rd
=]
e
o
=
ok
=
u
Ho
K
>,

l‘_&

T = o
v g Grb AAE ol 8ste] ke B # iy
o] W 73 wdo] i A= #EdY dE &
B2 Wrhelslen, F8 Wgge] e gEd nAE
VFe FFHoz Prlkelr] et s BAS
gato] g gl Hoh AuHQ dFE F= UFE
Agasict

G =
I ASE Hole ARY G & Ax A5s 0 2
7, 3% zdozRd ok A€ olgd ¥ & U

Aoz deix o’

=~ 1—vHK* a3 '
_4ap 7.(0.n) ( K F (hA)"'.' o

T Em-1) b @

558

Copyright (C) 2006 NuriMedia Co., Ltd.

. 3 R /b+alb
C'=A(01-alb)"a h(——p—-——)"
(I-a/b)"a 1(2 1—a/b ) @)

A A 7PAA Thekst gakg
7ol W2 Oy A AZE
2 T3 5P Fig. 19F 2o
dhe Aol LA g ﬂﬂﬂﬁﬂﬂﬁtTf‘4
 Aeziy 72 5 9o

p_ KX1—v?) o)
™ (n+1)EC*

et &4 A A 5 Azt ¢ M G
T mAter ool ddAdAe C =HE 4
(4)s} Zo] 73 4 Sl

( o
( )!su.\-e . (( ': )

tha i (7 Voase .
o R

7 rvelded
(4)

(C)vvetdea. « Oetiod

714 HA} weld & €484, base &
A E orizity, =2 &
ozl ddAel ¢, 2HEE 4 (5)9]'

24, welded
iges o

£ o%

_1

—— = Base (A=1
+ Wel

c./C

le—1 f f " " ) ) )
le-8 le-7 le-6 le-5 le—4 le-3 le-2 le-1 le+0

t/tr

Fig. 1 Normalized C: vs. time curve for welded
specimen4)

Journal of KWS, Vol. 23, No. 6, December, 2005



272 R 2l o)F &4 Adox e ez FIAA 9& g W) s
() _ Dyt () Table 1 Input values used in pressurized tube crack
thelded, t=Oaea — gorry N ) analysis.
’ (( )\rch&'d eld, t “?'T)m-f:-r.r U wetited
®) Temp. () 538
5 , . E (MPa) 140600
T & otk o] wf H3 AWM ¢ &= ol 4 e oy
(6) o= Aol . ;
1 H 1.66E-2
((“)"'rfn‘fcf = E[((“)f.‘u.\'e +(C " )u'm’(f] (6) q 0.714
p (MPa) 6.89
A (4) == A(B)E ol8dtd =A T gRANe f;} (<mm)> ngée
2 olFolzl Azl C AAFERE &4 Aueld i (mm
o G 7} AREW A ()7 & I Z 7932

25 g#dddES 24T vk 29 A Fo AR & s AgE
le) [e]

da

—=H.C/ _ -
dr @ 32 m % ot MA
ol W, H 9 ¢ & AYZ #9A% A< vehle ool AFE ule} o] FmE FARA Fuw}
As el o GEeR P AL delME g WsE 1
BH ol ohd B¥E sHE @t ejeldor g’
U m= o
3 o &E ot 2 Aol 2= FANPES APk We %
31 a4 & gz A A9 Fe=Z FEAF A g, 27 7
Aol o, T BF W5 e,
A AlsE muo o LA A& 110~ -
el AHgE Rl 538Te M Mg Hike Nz BRIOWe wwE gy gt ¢

oF ¥ 355.6 mm, WF ¥ 309 mmE
6.89 MPa®l W$h= we &9 Jo| W8k (seam)
SR AW SWEkor e ddo] EAlste
Soln ZP =z Fd Sis =

Wl 20S DAl ge HolHg A3t
UATFEER FMelel 458 BRI, ol
OAEelgelel e el AEd 23 $xA

=
e
m\l

290 wuy = zloly) ¢lo Q
: 1 1. =7 = . - T — y
o} Fig. 20& 2 Aol AHE Wge we # el ol iﬂ; %mﬂi w;]-Lf; Dja%;
- - - - A 52 et = Ao |=
O AT FE HoFUt Table 1ddle 8+ o el men = e
Jde e mdo] glomg LHAS LI BE
THE g#el velHERH 2 3z

AE 71E A7 2HRRY 83 5 HoHs
717} B B3l osel! sy tEEs 7
A, SHRe FNZ AF AE FPRelA A9
Ago] 7hashe AMH AL wejdtel el
et 271¢ddels BHe Fmatel”
Agasict. o3t o] 2%

3}k
Bjsh 2gES Table 201 Belelair}.
I8 98

}o

b
A
el
i

ME
e
ofl

1

M
2=
e
=
oft
M
)
rE
}
N
Y,
o
”
J

2o
i
1
Bfil
e
4
il
y
o
e
o
o
e
(i
.
4
to
o2

crack

i N{E il
-0,

2=

Fig. 2 Schematics of pressurized tube and associated
crack
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Table 2 Probabilistic variables used in pressurized
tube crack analysis.

Probability
Density Mean
Function

Standard
deviation

Probabilistic
Variable

4.49E-20
1.66E-2

5.50E-20
1.66E-2

2.00E-20
1.55E-2

3.00E-19
1.55E-2

Log-normal

Base
Log-normal

Log-normal

Weld

el S R S

Log-normal

aj Exponential 5 -

Input analysis condition
- Prob. Var: (A} . (A}... Ha
-Det.Var.E,ngpa, R R,
- Analysis cond.

# of sim , time, time interval
D—

Sampling of input variables
- A, H: log- normal distr (i1, @)
- a : exponential distr.(1)

-Enagpa, R, R, const

'

Deterministic life evaluation
- Creep crack growth analysis
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Table 3 Variation range of parameters used in
sensitivity analysis

Variable Variation range
Probabilistic | Amean (base) £20%, +50%
Variables Hoean +20%

q +20%

Deterministic
+20%
Variables b 7
+20%
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