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ABSTRACT: The purpose of this paper is to get a rapid and reliable engineering method to evaluate the safety of local thinned
pipeline in nuclear power plants. The research method of this paper is based on the basic requirements in the design code of
RCC-M and the experience of engineering practical, and three engineering hypotheses are assumed. A method of rapid evalua-

tion for local thinned pipeline is proposed which includes three parts: 1) calculation of minimum wall thickness; 2) structural in-
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tegrity evaluation; 3) functional evaluation. Both the rapid evaluation method for locally thinned pipe and the finite element

analysis method of SYSPIPE software are used to analyze the study case. The results show that: 1) the minimum wall thickness

meets the requirements; 2) the maximum stress ratio deviation is 0.26 under the normal condition, 0 under design condition, 0.04

under emergency condition, 0.03 under disturbance condition, and 0.03 under accident condition, respectively; 3) In the pipeline

functional analysis, the deviation of primary stress ratio is 0 and the deviation of secondary stress ratio is 0.27, respectively. The

rapid assessment method of pipe wall thickness thinning is safer and more conservative than the SYSPIPE software analysis in

the normal working conditions of the pipeline integrity assessment and the secondary stress assessment of the pipeline functional

analysis. And the calculation results of the two methods are basically consistent in other conditions. The method proposed in this

paper is a general engineering practice, and it has be applied in many nuclear power stations in China, and it provides a rapid

and reliable technical analysis method for the actual operation of power plants.
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Fig.1 Flow chart of pipe integrity and functionality estimation
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Tab.1 Design parameters of the pipe
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Tab.2 Parameters after pipe wall thinning
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Tab.3 Stress results of the pipeline before wall-thinning
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Tab.5 Pipe functionality analysis before wall-thinning

N T3 — RN T3 W
11445 1 /MPa 10.97 205.01
Vi 1 FRAE/MPa 185.4 309
N7 B 0.06 0.66

B LU 3K 0.37 S, B A T D BE
WL R IR 6, WIFPTTE 0 N ) B R M 25 2
0.27, RN F R PG E i T A B A N T E
7 1.03, RHA SYSPIPE 3k {44 FRyC/ A it it 48
FMIR ST A 0.76, BRI AE Rm 25 0.27.
PG PERE T7 AR AR B 45 ST A PR ST 19 o

*6 TEREREEINAREMITESR
Tab.6 Pipe functionality analysis after wall-thinning

M —RMH RN
5 i /MPa PR E ik 17.14 319.80
SYSPIPE # {4 17.20 233.37
YFH Y I BR1E/MPa 185.4 309
e T E Y . 1.
5 e H&uTmﬁz# 0.09 03
SYSPIPE #ff: 0.09 0.76
VWAL Rl P 0.00 0.27
3 #it

1) TR 3 i, R TEiEER
PR EORIFE Tk, E 2L R/ NVEER TR | 454
SERNEEAN . DIREMEPEAN X AT BN A

2) PR T A — R 2 TR Tk, T
A R ) AN SYSPIPE B34S H i 1
It TR IREVETFE T, & AU BTHRRL )
FEA/INT SYSPIPE BRI T .

3 ) B TERE TSy PR R 7 i — o ] T AR
SRTTE, JFEE A 2R LA B TR S R
M, i) geprs TR gt T — AP . AT EEAYEOR
T ITE

S Rk -
[1]  NB/T 204722017, H/KHERHT B T ARG & H
A BB HENIS].

NB/T 20472—2017, Design Criterion of Process System
Piping Layout for Nuclear Island in Pressurized Water

[13]

[14]

Reactor Nuclear Power Plant[S].

AR, PN, TR, S BT Tl K T R i
R[] At e, 2018, 32(11): 98-102.

LI Hai-rong, GONG Xiao-jie, QIAO Li-min, et al. Cause
Analysis for Industrial Water Pipe Corrosion in a Power
Plant[J]. Total Corrosion Control, 2018, 32(11): 98-102.
SKRINZE, EIOHE. BT A% 8 T 20458 R i By e
T[], AmE AR, 2013, 27(3): 11-13, 33.

ZHANG lJia-jun, WANG Zhao-hui. Analysis of Corrosion
Prevention Technology for Nuclear Power Plant Process
Piping[J]. Total Corrosion Control, 2013, 27(3): 11-13,
33.

I, B, S SORT, . R TE A A e
b XA ). IS B8, 2006, 27(2): 72-76.
SHU Guo-gang, XUE Fei, TI Wen-xin, et al. Flow Accel-
erated Corrosion and Aging Management in Nuclear
Power Plants[J]. Corrosion & Protection, 2006, 27(2):
72-76.

LR, FFESE, ZEaOt. R RN A I R O A
ST A%3h ) TR, 2013, 34(2): 123-125.

MA Na, YIN Chang-geng, QIN Jin-guang. Wall Thinning
Analysis of Carbon Steel Pipes in Nuclear Power
Plants[J].
123-125.
DL/T 982-2005, FHLJ 1R/KAE 185 5 484 1B ) 4
J[s].

DL/T 982-2005, Maintenance & Adjustment Guide for
Nuclear Power Plant Steam-Water Piping and Sup-
ports[S].

AFCEN, Design and Construction Rules for Mechanical
Components of Pwr Nuclear Islands[S].

ASME B31, Power Piping ASME Code for Pressure Pip-
ing[S].

EN 13480, Metallic Industrial Piping[S].

API 579, Fitness-for-Service[S].

Framatome, SYSPIPE 234D User’s Manuaul[S].

JRI B, Sk, 45, CAESARIL FERZGAETE N J1 53+
B CY/h E R BRI A . bt R
£3,2019: 328-333.

ZHOU Yong, MA Bin, WANG Hui. Applocation of
CAESAR in Nuclear Pipelines Stress Analysis[C]// Pro-
gress Peport on China Nuclear Science & Technology.
Beijing: Chinese Nuclear Society, 2009: 328-333.

RS, XUTAR, XIS, 4. RIS ) 54K &
4t RCC-M2 i /K& B i [J]. &4, 2013, 12(4):
6-9.

LU Jie, LIU Guang-dong, LIU Peng-liang, et al. Modifi-
cation for the RCC-M2 Pipeline in Daya Bay Nuclear
Power Plant[J]. Nuclear Safety, 2013, 12(4): 6-9.

TP, H A, A B R L I R BN T4y
MrS5PEET]. R, 2013, 36(4): 62-66.

NING Qing-kun, TIAN Jin-mei. Stress Analysis and
Evaluation of Improved Second-Generation Nuclear

Nuclear Power Engineering, 2013, 34(2):

Power Plant Piping Systems[J]. Nuclear Techniques,
2013, 36(4): 62-66.



<112 -

2022 41 A

[15]

GB 50764—2012, HJ Zh B ERHE [S].

GB 50764—2012, Design Code of Power of Piping for
Power Plant[S].

GB 50316—2000, T4/ & E BRI THHLME[S].

GB 50316—2000, Design Code for Industrial Metallic
Piping[S].

SH 3012—2011, b T4 a8 A B B AL S).
SH 3012—2011, Specification for Design of Metallic
Piping Layout in Petrochemical Engineering[S].

AR, ROBLT, W, & TSR IR R
AT, L TR 5%80E, 2016, 53(3): 81-83.

GAO lJian-lin, SONG Guang-hong, ZHANG Jun, et al.
Calculation of Stress Intensity Factor for Bends[J]. Proc-
ess Equipment & Piping, 2016, 53(3): 81-83.

TRENE, REE. XTREREIE RGN SRR
0 SIF (ITHREI]. e T k& 5%451H, 2006, 43(5): 54-55.
ZHANG Guo-qing, YU lJian-xing. Calculation of Stress
Intensification Factor for Large Diameter Piping Sys-
tem[J]. Process Equipment & Piping, 2006, 43(5): 54-55.
AR, JE/NE . RSk A AR B0 A I S A
JI53HTI]. ARAEBE, 2017, 55(2): 27-29.

GUO Yong-wei, ZHOU Xiao-bing. Analysis for Pipe
Flexibility and Stress Based on Curvature Radius of El-
bow[J]. Chemical Fertilizer Design, 2017, 55(2): 27-29.
SROGIE, BRI T A BRIT % P R 28 4 1 1 ) B
FE[I]. TR S5ETT, 2020(14): 149-151.

ZHANG Guang-yuan, SHENG Xiao-ming. The Stress
Research of Pipeline under Internal Pressure Based on Fi-
nite Element Method[J]. Construction & Design for En-
gineering, 2020(14): 149-151.

[23]

T, EAbME, 4&E, % ERIMEERT RS
R AR A TR, 2020, 49(2):

WANG Pin-xian, XIA Qiao-jian, NIU Zhi-yong, et al. The
Difference in Calculation Method of Pipeline Wall
Thickness in Domestic and Foreign Pipeline Design
Standards[J]. Petro-Chemical Equipment, 2020, 49(2):
53-57.

Wik, B, #Ae2E, % i) EE ARG LSS
JUAIZ3A[]. FE 12545, 2018, 35(8): 47-51, 69.

SHEN Le, XIA Yang, NIU Shan-xian, et al. Safety As-
sessment of Piping System in Nuclear Power Plant by
Isogeometric Analysis[J]. Pressure Vessel Technology,
2018, 35(8): 47-51, 69.

TR, T 2EE— W A% I 3 Hr (0], Al T
AR, 2017, 43(2): 39-42.

LEI Jun-jie. Analysis of Sustained Stress Checking
Method for Process Piping[J].
Construction, 2017, 43(2): 39-42.
FEKHE. AR RN AL SR AR IR ], A
L TETFAR, 2001, 22(1): 14-16, 3.

TANG Yong-jin. The Source of Secondaty Stress Check
Condition for Petrochemical Pipe Line[J]. Petro-Chemical
Equipment Technology, 2001, 22(1): 14-16, 3.

XIR, BRJEILL, Sl 4% CPR1000 A%HL —Z045
35T [I]. T RERLEHOR, 2008, 42(S2): 500-504.
LIU Lang, ZHANG Zhou-hong, WU Gao-feng, et al.
Class 1 Piping Stress Analysis for CPR1000 Nuclear
Power Plant[J]. Atomic Energy Science and Technology,
2008, 42(S2): 500-504.

Petroleum Engineering



