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Abstract

For the micro-cracks found during the in-service inspection of nuclear power plants, the nuclear
power plant in-service inspection program is usually used for evaluation and implementation. For
power stations designed in accordance with the legal system specifications, the crack propagation
analysis is generally carried out using the nuclear power plant nuclear island mechanical equip-
ment in-service inspection rules (referred to as RSE-M, the same below) prepared by the French
nuclear island equipment design and construction and the in-service inspection association. Based
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on the 1997 edition and the 2010 edition of the RSE-M specification, this paper conducts fracture
analysis on the typical equipment defects of a nuclear power plant. It is found that the results ob-
tained with reference to the 2010 edition of the RSE-M specification are more accurate and can be
more practical for the life of nuclear power plant equipment to conduct an assessment to save
plant operating costs.

Keywords

Stress Intensity Factor, Influence Function, Plasticity Correction

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

MG B, MRS TE R R BT eE. phidr. NABGERE, SER&NERrT™
HE LTI T 228 BN 0. AE R RSB AT I R, % T B U 7 ol 5 B R 4
TEAEY RN 25 2L TR . BRI AL R BT LSy R B has), NSO
J&, R B R, BT YRR SR, SRR R I HEAT VR AR EE, A T B AR
H1E.

1997 FiR RSEM #1155 S SCTHT . /7 K B2 7538 B IRl 2 TR R A T — RV T B 5 - 75
SR AR S @EEMN SRR BT L AR AR 3ERE , 78 2000 #MSAR[2] RSEM #i
e RO g R B R T ST T s, SO B RS R R R 2005 Fh B3]
el L 250 O A TE A Y S AR AR PR, RN O — 254 R R 5 M R AR [R50 06r B ISR R 80 2010
B [417E BT IR B AS (0 SR b 2 A B TR OF 0 DASCHE R M0 R B0 — 45 2 A S I 3 11 4317 25 3%
RSEM A [ S8 5 26 450K Pl RO B 20 W R0 7 5 S BR SE R B 0 4518, P S R v e /L) i
TTVRAG, RS A UM R 25 235
2. RSEM 38 B st
2.1. RYENHEERFIHEAZX

N5 EE R B R e T R R RS RS AT TR e B Sk o TR IRERAMENT S e,
PP B . U0 S TR B U (B . BSAEEHIAR), AT DL E B S ARG RN 77, T
SR PTG AR IR F  (035 A2 1E 5 2 Tt (A A5 e, 1207 V2 ) AR A P, S e T =% RS o 40 00 B 2
TR R IR e TR A TR AT 4T

S R B S R AT S B AR RE TN BN 1 At DL, B JE AR RS e AL L DA KN T
SN ARG AR B RS  EERT

2.1.1. 1997 B RSEM #FEHHE S
1997 Jit RSEM FR3E o 5% F- 82 0 R B0 B A3 0 ARt F

2 3
u u u
O':O'0+O'1(—j+62(—j +03(—j , 0<u<t
t t t

DOI: 10.12677/nst.2020.84027 230 MR A


https://doi.org/10.12677/nst.2020.84027
http://creativecommons.org/licenses/by/4.0/

S
o

A, MBI, u REUE AR N RIS, o NROERIE LN T,
1 RUZSLIA NS5 5 R T

2 3
u u u
K = {ioao +i0, (—j-ﬁ-izaz [—) +1,0; (—j }/mx
t t t

Kb, o NRGUREE, « NEER, i (j=0,1,2,3) AREMHRAT/E T &R, 1997 b R EE .
IS Sk 1) 2R TH 24 S0 R
2.1.2. 1997 ZGHiA RSEM #IEHtE 5%

RSEM KR o 5T 5200 bR B0 I 8 S 3 AT i

2 3
O':O'O+Gl(%j+0'2(%) +0'3(%j , 0su<lL

b, w B RBE AR, o ARGUEAT RN MR, L O [ v o e i A T AR B
1 BRI B 7758 L 1

2 3
a a a
K =|io,+io|—|+i0,|—| +i,0,| —| [N7a
I |:0 0 II(LJ 2 Z(Lj 3 3(14)}

X, o NRGURE, L WOME OB @RS RIS, 7, (7 =0,1,2,3) 95200 e HCR] £E LT o 2
o

XHEPIRITF AR A ), EEDCORE TR A N RGO ERTI K IE A, 1997 R H 734
O TR AR AR, T2 5 FORRASIE I 1 ARG DB R AR SRR AP S, %K/ 1997 A,
HIRNVAE £22'6- 2L 0 RN c= . 2 N e MR M 7N [ RV S/ -5 i i A A Ve APl R AT i

2.2. BAMIEIE

2.2.1.1997 K5 + 2000 #ME + 2005 #ME RSEM #IEZEMEIE
1997 ik RSEM ¥AMA& IE HIWF L G036 =P EBa T 2. ZEAR R BRIG . 5 PR K 2% T G FE A0 4iE 8 38 T VR

LRV
S AR THT SR FE (P 1) AT RS LR TSR A (12 2) 1R FH R AR (A 1) BV X SEAR A N 77 5 L A 7
BAVEAE IE ) HEALE

a=h
Figure 1. Extended surface defect
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Figure 2. Limited length surface defect
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Figure 3. Deep buried extended on surface defect
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Figure 4. Limited length deep buried defect
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Figure 5. Analysis model and schematic diagram of defect location
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Figure 6. Calculation model and analysis section
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Table 1. List of analysis condition
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1 1 SR 200
2 2 L HE V45 1 200
3 3 THA i 12,000
4 4 Wi S 1 12,000
5 5 T FETH+10%H0E T &) 2000
6 6 Bt 5 B (—10% 805 Th ) 2000
7 7 — SR B S 200
g — DB AT MR 8l
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’ 8.2 FaZS BT M) 3h 850,000
8.3 TEREK Mk A AR IBAT I 3D 300,000
. — RGP T R E)
9 9.1 FA = HE IR ) e 3 100,000
10 9.2 BERA VBRI £ RG A IR H) 100
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Table 2. Depth and expansion of cracks at the end of a cycle of 5 years in the lifetime

* 2. FHA S F—MEFARRRURERYT RE

TR A PR LIRS a (mm) R REY R E Aa (mm) K ¢ (mm) KRBy R Ac (mm)
0 3.00000 0.00000 30.00000 0.00000
5 3.01537 0.01537 30.00226 0.00226
10 3.03080 0.03080 30.00453 0.00453
15 3.04640 0.04640 30.00683 0.00683
20 3.06206 0.06206 30.00914 0.00914
25 3.07790 0.07790 30.01148 0.01148
30 3.09444 0.09444 30.01392 0.01392
35 3.11053 0.11053 30.01630 0.01630
40 3.12734 0.12734 30.01879 0.01879
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Table 3. Depth and expansion of cracks at the end of a cycle of 5 years in the lifetime

3. FHA S F-NMBETERRRUPRERY RE

JRASAF BR HRYGAE a (mm) WERBY R & Aa (mm) UKL ¢ (mm) KRBT R & Ac (mm)
0 3.00000 0.00000 30.00000 0.00000
5 3.00269 0.00269 30.00005 0.00005
10 3.00535 0.00535 30.00010 0.00010
15 3.00805 0.00805 30.00015 0.00015
20 3.01072 0.01072 30.00020 0.00020
25 3.01342 0.01342 30.00025 0.00025
30 3.01614 0.01614 30.00030 0.00030
35 3.01885 0.01885 30.00035 0.00035
40 3.02159 0.02159 30.00040 0.00040

Table 4. Comparison of the end-of-life depth and expansion between the 1997 and 2010 versions
% 4.1997 FRAS 2010 FRAFHARRE R REXTEL

i H 1997 2010
GRS a (mm) 3.1274 3.0216
REERRY E & Aa (mm) 0.1274 0.0216
YK E ¢ (mm) 30.0188 30.0004
KEZHYJE&E Ac (mm) 0.0188 0.0004
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RSEM (1997) In-Service Inspection Rules for the Mechanical Components of PWR Nuclear Islands. 2™ Modification.
RSEM (2000) In-Service Inspection Rules for the Mechanical Components of PWR Nuclear Islands. 2™ Modification.
RSEM (2005) In-Service Inspection Rules for the Mechanical Components of PWR Nuclear Islands. 2" Modification.
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