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Effect of tail of crack depth distribution on PFM evaluation

Masaki Nagai, Naoki, Miura, Masato Yamamoto and Akiyoshi Nomoto

Abstract

Probabilistic fracture mechanics (PFM) is a promising structural integrity assessment methodology capable of
quantitatively evaluating fracture frequency by comparing applied force with material’s strength. Inputs for PFM calculation
are given as random variables with a median value and certain distribution. Normally the shape of distribution is determined
based on the available data source, whose number of data points are not necessarily sufficient to ensure the distribution in the
tail region. It is known that different kinds of distributions, normal, log-normal and exponential for example, will give different
shaped tails, and possibly affect the failure probability in a low probability region, which is important in PFM evaluation. For
instance, stable distribution with a shape parameter of less than 2 is a “fat tail,” in which the probability of failure in the tail
region exceeds that in normal distribution. The effect of the tail on the through-wall cracking probability was investigated
between two types of distributions; normal or stable. Although both distributions showed a fairly good match with the actual
crack depth data, the resulting probabilities differed, and we obtained a higher probability with the fat tail (stable distribution).

This result simply indicates that the rare sampling of deep flaws still impacts on the probability of failure in a marked manner.
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Figure 1-1 Tails of Normal, Exponential and Pareto distributions [8]
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Figure 2-1 Probability density function of stable distribution
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©CRIEPI



Relative frequency

0.4
I\ 1 Measurement data
0.35 r " —— Normal distribution
| — Stable distribution
- 0.3 - - - Cauchy distribution
3 h
3 0.25 !
>
o 1
g 02t '
]
2 ) 0
©0.15 \
[0 1 \
o 1 \
! \
o A \\
0 = P
0 22 44 66 88 11 132 154 176
Crack depth (mm)

(a) Overall view

0.04

3 Measurement data
—— Normal distribution
— Stable distribution

0.03 - - - Cauchy distribution

0.02

0.01

0 -4
8.8 11 13.2 154 17.6
Crack depth (mm)

(b) Tail of probability density functions

M2-3 BREZODERMISLEERDE RESTELVI——NMOHEREERIY
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B’ E
R RRER , . . .
Kolmogorov-Smirnov Anderson-Darling Shapiro-Wilk
BT TI=4ES piE 1.27 X102 8.41x103 7.04 x 1010
T e
7 & B 1) 1) 1)
BT TS plE 0.972 0.990 —
T ZE 1D N N
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L7z, 22 CEIMIBERIRS MMLIE, 7T OEERE, BRIOVRENS L Uiz, WIasE S
N OBEFABRAARE R TIX2 <, H DR TORIIE AIEI TR LI BB & BESAM A E LTz, £

x2-2 FRAIHR
Table 2-2 Analysis target
Target component  Weld of PLR piping

Crack geometry Circumferentially semi-elliptical crack on inner surface

Temperature 300°C

Piping geometry 600A (Outer diameter = 609.6 mm, thickness = 39 mm)

x2-3 BT CHW-HEEREH
Table 2-3 Random variables used in analysis

Variables Probability density function

Initial crack depth, a (a) Normal distribution

M, =547 mm, o, =217 mm

(b) Stable distribution

a=1.53, f=0.261, y=0.891, 6=5.36
Initial half of crack length, ¢ Log-normal distribution

4.=11.82, 0,=0.977
Flow stress, o7 Normal distribution

4y =436 MPa, o, = 46.2 MPa
SCC crack growth rate C: Log-normal distribution

<Heat Affected Zone> u( 4, = 9.018 X 10", o ., = 0.303,
upper limit = 9.2 x 107
<Weld metal> e wa = 1.017 %101, 0 = 1.12,
upper limit =2.1x107
m: Constant value = 2.161

Distance from weld metal to a crack, Normal distribution
L H#; =115 mm, o, = 1.39 mm

=24 TEEHE
Table 2-4 Load conditions

Applied stress used in crack growth analysis - Internal pressure, p = 9.0 MPa
- Membrane stress, p,, = 60.9 MPa

Applied stress used in fracture analysis - Membrane stress, p,, = 27.7 MPa
- Bending stress, p, = 33.0 Mpa
Weld residual stress distribution o(ylt) = 392—3645 (y/t) + 6946 (y/1)2—3541 (y/t)> MPa

y: Distance from inner surface
t: Thickness
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Figure 2-4 Effect of difference in initial crack depth distribution on through-wall crack probability
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Figure 3-2 PFM evaluation flowchart considering crack initiation
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Figure 3-3 Effect of difference in crack initiation time
distribution on through-wall crack probability
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Figure 3-5 Crack depth distribution during operation (Uniform distribution)
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