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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, it is necessary to perform the PFM analyses
based on statistical consideration of flaw generation time. A depth and an aspect ratio of initial
semi-elliptical surface crack, a fracture toughness value, delayed hydride cracking (DHC) velocity, and
flaw generation time are assumed to be probabilistic variables. In all the analyses, degradation of
fracture toughness due to neutron irradiation is considered. Also, the failure criteria considered are
plastic collapse, unstable fracture and crack penetration. For the crack growth by DHC, the failure
probability was evaluated in due consideration of flaw generation time.
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Fig. 1 Schematic diagram of CANDU fuel channel
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Table 1 Details of probabilistic input data

PDF
type

Exponential | 0.12 [ N.A.
Log-Normal| 0.06 | 0.08
Log-Normal| 67.00{12.00

Normal | 8.30 | 2.65
Log-Normal| 5.30 {0.583
Log-Normal| 2.40 (0.468

Probabilistic Variable Mean | STD.

aspect ratio (a/c)
depth ratio (a/f)
Kic ( MPaV'm)
initial hydrogen (ppm)
Va (x107) (m/s)
Ve (X107) (m/s)

Table 2 Range of probabilistic input data

Probabilistic Variable | Miifum | Maximum
aspect ratio (a/c) 0.01 1.0
depth ratio (a/f) 0.01 0.50

Kic ( MPaV'm) 20.0 100.0

initial hydrogen (ppm) 5.0 15.0
Va (X107 (m/s) 2.0 14.0
Ve (X107 (m/s) 1.0 5.5

Table 3 Details of deterministic input data

Deterministic Variables Value
wall thickness [mm] 4.2
inner radius [mm] 52.0
deuterium uptake {ppm/year) 12
flow stress [MPa] 750.0
inner pressure [MPa] 10.4
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Fig. 4 Density function of beta distribution

Table 4 Number of allowable cooldown cycle for
each flaw generation model

Flaw Generation Model  {No. of Cooldown
beta(0.8, 0.4) 106 cycle
beta(0.8, 0.2) 96 cycle

uniform 87 cycle
present from installation 55 cycle
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