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Evaluation of Creep Crack Growth Failure Probability
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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 clapsed time was also normalized with f7. 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.
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Table 1 Input values used in pressurized tube crack

analysis.
Temp. (T) 538
E (MPa) 140600
A (MPa™ hr') 4.49E-20
n 8
H 1.66E-2
q 0.714
p (MPa) 6.89
Ro {mm) 355.6
R; (mm) 309
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Table 2 Probabilistic variables used in pressurized
tube crack analysis.

.. . |Probability
Probabilistic : Standard
: Density Mean Jad
Variable Function deviation
B A Log-normal 4.49E-20 2.00E-20
ase
H Log-normal 1.66E-2 1.55E-2
A Log-normal 5.50E-20 3.00E-19
Weld
H Log-normal 1.66E-2 1.55E-2
aj Exponential 5 -
Input analysis condition

- Prob. Var.: (A, (Abese, H, 3
-Det . Var.E,nq,pa.R,R,
- Analysis cond.

: #of sim , time, time interval
______,T

Sampling of Input vartables
- A, H: log- nermal distr.(u, o)
- & : exponential distr.(1)

-Enagnpa,R,R, :const

Deterministic life evaluation
Creep crack growth analysis

[ P =NIN J

Fig. 3 Flowchart of Monte Carlo simulation
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Table 3 Variation range of parameters used in
sensitivity analysis

Variable Variation range
Probabilistic | Amean (base) +20%. +50%
Variables Hinoan +20%
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