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Integrity Assessment of Sharp Flaw in CANDU Pressure Tube
Using Probabilistic Fracture Mechanics
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Abstract

This paper describes a probabilistic fracture mechanics(PFM) analysis based on Monte Carlo(MC)
simulation. In the analysis of CANDU pressure tube, the depth and aspect ratio of an initial
semi-elliptical surface crack, a fracture toughness value and delayed hydride cracking(DHC) velocity are
assumed to be probabilistic variables. As an example, some failure probabilities of piping and CANDU
pressure tube are calculated using MC method with the stratified sampling MC technique, taking
analysis conditions of normal operations. In the stratified MC simulation, a sampling space of
probabilistic variables is divided into a number of small cells. For the verification of analysis results, a
comparison study of the PFM analysis using other commercial code is carried out and a good
agreement was observed between those results.
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Fig. 1 Schematic diagram of CANDU fuel channel
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Table 1 Details of deterministic input data

Deterministic variables Value
Wall thickness {mm] 4.1
Inner radius [mm] 53.0
Aspect ratio (a/c) 0.2
Flow stress [MPa] 626.4
Inner pressure [MPa] 11.9

(a) Curve fitting of histogram (b) Error estimation

Fid
Chi-square density with k-1 d.o.f.

Shaded area = o

0 p R *

(c) Determination of PDF (d) Goodness of fit test

Fig. 3 PDF derivation and goodness of fit test
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Table 2 Details of deterministic input data

Deterministic variables Value
Wall thickness [mm] 25
Inner radius {mm] 127.0
Paris' law constant (C) ox 107"
Paris' law exponent (n) 4.0
Flow stress [MPa] 275.6
Inner pressure [MPa] 103
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Fig. 5 Comparison of failure probability

Table 3 Details of probabilistic input data

Probabilistic PDF
variable type

aspect ratio (a/c) | Exponential | 0.12 | N.A.
depth ratio (a/f) | Log-Normal | 0.10 | 0.08
K. Log-Normal | 67.00 | 12.00

Vr (X107 Log-Normal | 530 | 0.56

Ve (x107) Log-Normal | 2.40 | 0.47

Mean | STD.

Table 4 Range of probabilistic input data

Probabilistic variable Mi‘gig::m Me\l{);ilr\?eum
aspect ratio 0.01 1.0
depth ratio 0.01 0.50

Kie [ MPaVm) 20.0 100.0
Vr (X107%) [m/s] 2.0 14.0
Ve (X107 Jmys) 1.0 5.5
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Table 5 Details of deterministic input data

Deterministic variables Value
Wall thickness [mm] 4.2

Inner radius [mm] 52.0

Initial hydrogen[ppm] 83
Deuterium uptake rate [ppm/year] 12
Flow stress [MPa] 620.1

Inner pressure [MPa] 10.4
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