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Evaluation of Creep Crack Growth Failure Probability for High
Temperature Pressurized Components Using Monte Cardo Simulation
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Abstract : A procedure of estimating failure probability is demonstrated for a pressurized pipe of CtMo steel used
at 538°C. Probabilistic fracture mechanics were employed considering variations of pressure loading, material properties
and geometry. Probability density functions of major material variables were determined by statistical analyses of im-
plemented data obtained by previous experiments. Distributions of the major variables were reflected in Monte Carlo
simulation and failure probability as a function of operating time was determined. The creep crack growth life asse-
ssed by conventional deterministic approach was shown to be conservative compared with those obtained by proba-
bilistic one. Sensitivity analysis for each input variable was also conducted to understand the most influencing variables
to the residual life analysis. Internal pressure, creep crack growth coefficient and creep coefficient were more sensi-

tive to failure probability than other variables.
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Fig. 1. Pressurized cylindrical tube with axially long internal
surface crack.

Table 1. Input values used in the current study

Temp. () 538
E (MPa) 140600
A (MPa” hr') 4.49E-20
n 8
H 1.66E-2
q 0.714
p (MPa) 6.89
R, (mm) 355.6
Ri (mm) 309
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Fig. 2. Flowchart of creep crack growth life assessment.
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Fig. 3. Stochastic analysis of creep crack growth(CCG) coe—
fficients for CrMo low alloy steel.

o] HolA xi= SEWF HE JEhH )% 38
Qs 3k pE Ehdrh

ﬂﬁli AT A= 71E 47 ZH2FEH FE£8
9] dlolEl & 97)7} ofeigonz Zad o3t
o tlFHTEER 7Pk 271 4ol v
A HAL o] 7IHoR AME AV AAZ
A9 7G=17] vlole| 2 HE dAH oo Frk & =
E—oﬂHl—— 2] 5ot 2o FEEUEYTE BHEE A
xR MRS ek A )M ue =

sHRobMErs|x|, M21 M1E, 2006

o2 Uit 249 3B|=

TN TREEE Wt

dom varlable)—‘ —%—%3 A} =& I JdEgk
g ol&sld 2o A A W i
E£EE AXete] ddo] YAFEAET AAH
Zodgo] AzEo] dEEHE Aoz Fosidith
ool zZYE FEAY FHHVE B HA
Al BIEREE HHE F8sig] o, ghEo]
A A g BA7EA] ¢ ’\}%—’F‘ﬂ AEE 719
A B4 Azt e g Z4E WA AlEdelA
2 Wi we 1 *VPEHOﬂ’ﬁ-% & FER A4
oj&tqi). olelg A Tz e FAEE Fig 4
of AA3] Jehiich

Table 2. Probabilistic variables used in the current study

Probability Standard
density function deviation

4.49E-20 | 2.00E-20
1.66E-2 | 1.55E-2

Exponential 5 -

Probabilistic variable Mean

Creep coefficient, 4 Log-Normal
CCG coefficient, H

Initial crack size, a; (mm)

Log-Normal

input analysis condition
~Prob. Var: A H, a,
-Det. Var. E, 0, q.p. R, R, &
- Analysis cond.

< # of sim . time, time interval
.

Sampling of input variables
- A, H: log-nommal distr.{., o}
- a; exponential distr.(u}
-E.n q.p.R, R, 3. const.

¥

Deterministic life evaluation
- Creep crack growth analysis

¢ * M= N+ 1
T

[ P=NJI N |

Fig. 4. Flowchart of Monte Carlo simulation.
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Fig. 5. Failure probability of pressurized cylinder with axially

long crack.

33. &fiA 23

ol At s xH e s F3d ZeHyE= v
HE o] &% IEEE WUt AFHE 7HE Al W
2 Uiy FE9 sEgER Jehlo] Fig 59 &4
stivh 2R84 WA A7E vls}r] 98ty
W] SEEE7) obd EES A8e AAHEH
el mE oGyt A9E A ZAEAL
o, 2323 T35t st & $H-L 1050
AlZtellon ol SEEH B HEgEe] o
31.62%= Hrl5 A Aok weld] ZAEA 9o
2% 7N AP EFHEE € T Utk

34. olzd: 24

Aol AMEE FR B Eo] T 3HEd nAE
JBe AYH o B2y Zhol5Y H7lo
uth A 8 T AsE sekss] s
o AT BX(sensitivity analysis)S 4-3835l5 )
Table 30| Bl nio} o] =8 W] 48 YA W
A= HIAA JMHA 12 240 AFEAIZH o}
£ d¢ 882 B, vlasin) NgE 24 3
ot otd FArE S T2 sk W
o datd= FjAlE FAFH oz FPFoaN &

Hq 244 B F9F 5 Aok

o

Table 3. Variation range of parameters used in sensitivity analysis

Parameters Variation range

Hnean +20%
Probabilistic Hsm £20%
Variables Aean £20%
Astp +20%
q +20%

Deterministic "
Variables P £20%
E +20%
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Fig. 6. Failure probability for various PDF of CCG coefficient, H.
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