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Proposal of nuclear power plant piping maintenance method
based on reliability evaluation
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When cracks are found in nuclear power plant piping, the integrity during the evaluation period is secured
using the Rules on Fitness-For-Service of the JSME (the Rules on FFS), and continuous operation is
allowed while leaving cracks if satisfying the criteria. This paper focuses on the reliability of crack
evaluation using the Rules on FFS and proposes inspection and evaluation methods to satisfy the target
reliability. The sufficient reliability cannot be obtained by employing safety factor or limitation of crack
depth due to variations in inspection and evaluation particularly when the pipe diameter is small or the
crack angle is large. Prediction accuracy of the crack depth is very important to keep the sufficient
reliability. Reliable crack evaluation is achieved by performing successive inspections defined by the
rules on FFS and re-predicting the crack size to envelope the actual crack size based on the successive

inspection results.
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Fig. 1 Limit state conditions and fracture probability
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Table 1 Analytical conditions

Parameter  Distribution Mean cov* Ref.
o Normal 317(MPa)  0.100 [6]
Normal Input 2/mean [7]

Normal Input 6/mean [7]

Normal Input 0.042 [8]

P, Normal - 0.045 [9]

R Normal Input 0.15 [9]

Note) *: Coefficient of variation
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Table 2 Distribution of fracture strength

Strength Mean gg’?gt?gﬂ
(MPa) (MPa)
Yield stress, o, 166 318
Ultimate tensile strength, o, 469 313
Flow stress, o¢ 317 3L8"

*) Standard deviation of o, is used in this study because it
is larger than that of o, .
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Table 3 Dimensions of analyzed pipes

Sligm'e?g: dgfﬁg{er ScheduIeThIcSl::r;Zsju(I?m) Schedule

(mm) 40 80 160
4B 1143 6.0 8.6 135
8B 216.3 82 127 230
12B 3185 103 174 333
16B 4064 127 214 405
20B 508.0 15.1 26.2 50.0
26B 660.4 189 340 64.2

3.3 BRATIRERTEVGADEHERE

HMERFBIRE CIE, BUBICKT T 2R 2B L CRARS
EERZD T5%ITHIIRL, = HICRZHER L T HaHE
AR A VY (LBB) W3AST 5 Z & BE L L mBAD
FAJE % 60 ELLFIZHIR L CWA[L). UL, KEOHER:
FAGITHIY 9% ASME Section X1 T2 E OHIFRIL
P20 F 7z, BREBREER L O, MR R
VEHImSR: (Fo~RE, BEENE, WS/ E) A
e ChiuL, BEAEITOTEHARTRETHD Z LV
Mo TND[L). —, FEBROE ORIEIREIX Table 112
BIRT DX ORELZITLH. 22T, BRRS %
HEFFBUE OHIYE TH L EIE S D 75% & L, Table 1 DI
HOX A BRE LT E OBSEMERAZTHn L, Fig.2 (27
TR A NI v DR E & L BTN
HEMIZH Y, FROPOREICBWTHEE L RS, 2
1%, U TESAVISVWNORE T, AZEHEDIED
DENBALFRWMAFEORE RT OO 572D T
b5, T, 1FEAEDr—ATEEEH#RTH 5 108
Z FAl%. Fig 2 IZBW T, BEINIITE LV 26B DA
72— 80 (X 340mm, A) & 12B DAY 2—b
160 (=& 333mm, &), BITEEINEFE LW 16B DAT
Va—L 40 (EEX127mm, X) & 8B DAZ Y 2—/L 80

(Ex12.7mm, ) OBEEHRBRIEFETHL Z Lhb,
MR I R S IR AT 5. Lo T, ZhBIED



R2% Vol 18, No. 4 (2020)

BRI R e —1 80 A RFE L LTERT 5.

10° —
-1
10° Q%%%%%%%% i
Z 107} ©Hg &K a6 a A
310 ::9+§+@%+i+
= 10°F OO NZ a0
3 oL nH  tTo -
o 10ff oo x.os 1
o o 0O, T+, Black: sch.40
S 107} X o .  Red:sch.80 A
] - Blue: sch.160
- o 04B X 16B
&
g S DsB 208y
% & & 12B 2 26B

0 50 100 150 200 250 300 350 400
Crack angle (deg.)

Fig. 2 Fracture probability in consideration of the variation

of evaluation parameters
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Fig. 3 Allowable crack depth according to the technical

evaluation report [12]
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Fig. 4 Fracture probability when crack depth is limited

according to technical evaluation report.
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Table 4 Change of partial safety factors with crack angle

Crack

Parameters

angle o a 0 t R,
60° 1106 1439 1259 1012 1166
360° 1053 2569 1000 1010 1040
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