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Recently, probabilistic assessments of nuclear power plant components have
generated interest in the nuclear industries, either for the efficient inspection
and maintenance of older nuclear plants or for improving the safety and
cost-effective design of newly constructed nuclear plants. In the present
paper, the partial safety factor (PSF) of wall-thinned nuclear piping is
evaluated based on a reliability index method, from which the effect of each
statistical variable (assessment parameter) on a certain target probability is

evaluated. In order to calculate the PSF of a wall-thinned pipe, a limit state

Partial safety factor
Reliability index method
Target reliability
Wall-thinned pipe

function based on the load and resistance factor design (LRFD) concept is
first constructed. As for the reliability assessment method, both the advanced
first-order second moment (AFOSM) method and second-order reliability
method (SORM) are employed to determine the PSF of each probabilistic

variable. The present results can be used for developing maintenance
strategies considering the priorities of input variables for structural integrity
assessments of wall-thinned piping, and this PSF concept can also be applied
to the optimal design of the components of newly constructed plants
considering the target reliability levels.
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Fig. 3 Schematics of wall-thinned pipe under intemmal pressure

Table 1 Input variables of the PCORRC and Modified B31G
for wall-thinned pipem

Variables (X;) Mean (p) Cov Distribution
D, 914.4 mm 0.02 Normal
t 20.6 mm 0.02 Normal
o, 455 MPa 0.07 Log-Normal
o, 358 MPa 0.07 Log-Normal
d 8.24 mm 0.10 Normal
l 200 mm 0.10 Normal
r, 7.8 MPa 0.10 Log-Normal

Input target failure probabilities
Py)

¥

Input probabilistic values ofeach
assessment parameter

Numerical
convergence ofer;

‘ Calculate a;

T

Solve partial differential equation
for limit state function

)

Construct limit state function ‘

| Set initial direction vector (a;) ‘

| Calculate initial failure point (x)

Normal
distribution? T
‘ Convert to normal distribution ‘

Fig. 4 Algorithm employed in the present work for estimates
of the PSF based on the AFOSM and SORM
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Table 2 The values of PSF according to target reliabilities
based on PCORRC and AFOSM

P, 1079/ year 1073/ year 1072/ year
D, 1.02 1.01 1.00
t 1.02 1.02 1.01
’, 125 1.17 113
d 1.10 1.07 1.05
l 1.06 1.04 1.03
P, 133 119 1.14
ty 17 15 14

Table 3 The values of PSF according to target reliabilities
based on Modified B31G and AFOSM

P, 10%/ year 107%/ year 10~ %/ year
, 1.01 1.01 1.01

t 1.02 1.02 1.01

o, 1.17 1.12 1.10

d 1.17 1.12 1.09

l 1.00 1.00 1.00

P, 1.39 1.22 115

ty 20 18 17

Table 4 Differences of PSF values between AFOSM and
SORM based on PCORRC

P, 10%/ year 103/ year 10~ %/ year
D, 1.889E-13 2.997E-14 7.993E-14
t 2.997E-14 9.992E-15 0

o, 8.788E-13 5.778E-15 3.446E-14
d 1.998E-14 3.996E-14 1.998E-14
l 5.599E-13 4.600E-13 9.992E-15
P, 4.700E-13 5.997E-14 6.664E-14
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