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Abstract: Efforts are presently underway for developing an optimal design methodology for GEN-IV nuclear reactors
based on target failure probabilities. A typical example is the system-based code, in which the results are represented in
the form of partial safety factors (PSFs). Thus, a PSF is one of the crucial elements in either component design or
integrity assessment based on target failure probabilities during the operation period. In the present study, a procedure for
calculating the PSF of a circumferential through-wall cracked pipe based on the elastic-plastic crack initiation criterion is
established, in which the importance of each input variable is assessed. Elastic-plastic J-integrals are calculated using the
GE/EPRI and reference stress methods, and the PSF values are calculated using both first- and second-order reliability
methods. Moreover, the effect of statistical distributions of assessment variables on the PSF is also evaluated.
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Table 1 Input variables for mrcumferentlal through-wall
cracked pipes (International data)'
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Table 4 The values of PSF according to target reliabilities
using SORM (International data, GE/EPRI)

- : . P.
Variables(X;) Mean(u) S.D.(0) | Distribution Variables Ol , k fi .
a 8.073 3.54 | Log-Normal 107/year | 107/year | 10”/year
0.125 3.37 2.20 1.76
n 3.8 0.55 | Log-Normal a
5 0.4 1.75 1.54 1.40
Jic 1242.6 [kJ/m~] 584 | Log-Normal 0125 Y 1.09 1.05
E 182.7 [GPa] 9.135 Normal " 0.4 1.73 1.39 1.26
M 2260 [kN-m] 226 Normal J 0.125 1.23 1.33 1.37
e 0.4 111 1.11 1.11
Table 2 Input variables for mrcumferentlal through-wall 0.125 1.02 1.01 1.01
cracked plpes (Domestlc data) E 0.4 1.01 1.01 1.01
Variables(X;) Mean(u) S.D.(¢) | Distribution M 0.125 1.32 1.21 1.16
o 3.79 3.86 |Log-Normal 0.4 1.23 1.16 112
n 7.62 3.12 |Log-Normal
Jic 1340 [kJ/m’] 428 | Log-Normal 07
E 204.5 [GPa] 2.1 Normal D\
M 2260 [kN-m] 226 | Normal st e
Table 3 Details of deterministic variables in circumferential T
through-wall cracked pipes® ?
0.125 055 -
O/ 0.4
Ry, 355.6 [mm] 050 i ; ; 4I ; <Is ; zlz ; 1I0 1I1 1I2 13
¢ 3556 [mm] Number of Iterations
(a)
o, 154.78 [MPa] 58
o 1B 7. ™ ol o 34 D\ulﬂ\u/n—urm—n—u—m
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Fig. 4 Example of convergence of direction vector (u)
and PSF with number of iterations for Ramberg-
Osgood constant (@): (a) direction vector and (b)
PSF (International data, GE/EPRI, 6/7=0.125)
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Table 5 The values of PSF according to target reliabilities
using SORM (International data, RSM)

R

Table 6 The values of PSF according to target reliabilities
using SORM (Domestic data, GE/EPRI)

Fra Variables o/ i
. : T
variables o 10%/year | 107/year | 10%/year 10%/year | 10”/year | 107/ycar
0.125 - 2.07 2.04
0.125 1.91 1.59 1.51 a 04
Jic : - - -
0.4 1.12 1.12 1.12 0.125 - 1.98 1.45
n
0.125 1.05 1.02 1.01 0.4 - - -
E
0.125 - 1.08 1.11
0.4 1.05 1.03 1.02 Jic
0.4 - - -
0.125 1.45 1.30 1.22
M P 0.125 - 1.00 1.00
0.4 1.47 1.30 1.23 0.4 - - -
" 0.125 - 1.20 1.15
dsfiA b 2 Aew dEwon, Jeot HdR 0.4 - - -
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Table 7 The values of PSF according to target reliabilities
using SORM (Domestic data, RSM)

Py
Variables O/ 5 3 f >
107/year | 10~ /year | 10™/year
0.125 1.59 1.36 1.30
Jic
0.4 1.06 1.06 1.06
P 0.125 1.00 1.00 1.00
04 1.00 1.00 1.00
0.125 1.46 1.30 1.22
M
0.4 1.47 1.31 1.23
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Fig. 5 Variations of plastic influence function (%;) of
GE/EPRI with strain hardening exponent for
circumferential through-wall cracked pipes
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Table 8 Differences of PSF values between AFOSM
and SORM based on GE/EPRI method
(International data, %)

Variables O/ ki
10%year | 107/year | 107/year

0.125 0.021 0.182 0.260

’ 0.4 0.027 0.016 0.019
0.125 0.351 0.080 0.179

" 0.4 0.116 0.023 0.013
0.125 0.105 0.217 0.168

Jie 0.4 0.381 0.347 0.099
0.125 0.321 0.123 0.412

£ 0.4 0.022 0.185 0.242
0.125 0.133 0.018 0.070

M 0.4 0.074 0.049 0.239

Table 9 Differences of PSF values between AFOSM
and SORM based on reference stress method
(International data, %)

Variables 3 P
10%year | 107/year | 107/year
0.125 | 0.001 | 0.000 | 0.000
Je 0.4 0.004 | 0.001 | 0.000
0.125 | 0.004 | 0.000 | 0.087
i 0.4 0.009 | 0.001 | 0.000
0.125 | 0.000 | 0.00 | 0.000
M 0.4 0.002 | 0.037 | 0.000
42 B

(1) F-2ZetdAIa ALt 23}, Ramberg-Osgood
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