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Effect of deviation from manufacturing tolerances of the outer diameter and
wall thickness on pipeline reliability
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Abstract: The outer diameter and wall thickness of pipeline are important parameters in pipeline
design. But due to the limitation of the existing technology, there will be a deviation from manufacturing
tolerances of the outer diameter and wall thickness in the pipeline production process, which will have
certain impact on pipeline reliability. In order to study the influence of deviations from manufacturing
tolerances of outer diameter and wall thickness on pipeline reliability, this paper obtained the data of pipe
outer diameter and wall thickness by pipeline geometry dimension measuring instrument, and studied the
distribution law of pipe outer diameter and wall thickness. The limit state-function for calculating pipeline
pressure is established and the reliability calculation formula considering the influence of deviation from
manufacturing tolerances of pipeline is derived by using first-order second-moment method. On this basis,
the influence of average and standard deviation of pipe outer diameter and wall thickness on pipeline failure
probability was studied, and the sensitivity of pipeline failure probability to the geometric parameters was
analyzed. The results show that the deviation from manufacturing tolerances of outer diameter has little

influence on pipeline reliability, while that deviation of wall thickness has relatively large influence on pipe
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reliability. Therefore, the deviation from manufacturing tolerances of wall thickness should be strictly
controlled in the process of pipeline production.
Keywords: Pipeline; Deviation from manufacturing tolerances of the outer diameter; Deviation from

manufacturing tolerances of the wall thickness; Reliability; First-order second-moment method
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Fig.3 Histogram of the wall thickness for pipeline
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on failure probability for 355. 5 mm average outer diameter pipeline

—=—1,=9.95 mm

1.0f —e— 14,=9.96 mm

—4— 11,=9.97 mm

0.8r —v— 14,=9.98 mm

o6 EEE@EP ——/4,=9.99 mm
- . \\”M 8 EEEEE —<— 1,=10.00 mm
zz::::+y,):10.01 mm
0.4f T e 4210.02mm
—+— 1,=10.03 mm
0.2r —+— 1,=10.04 mm
. . . —<—=10.05 mm

0'(9‘00 0.05 0.1 0.15 0.20
o,

B8 HsMEFH{ESN 356.5 mm HEEEEIREE
Xt I SR R0 R B RN i 2R R
Fig.8 Effect graph of standard deviation of pipeline wall thickness

on failure probability for 356. 5 mm average outer diameter pipeline

ME T ~8 W LLAE W, Y4 8 BE RS B E N T
FSou,, /Dy, B19.985 mm 1 10. 014 mm B , %5 18 2 4 MK
SR s A 2 1 3G KT e )N, 20 A T RE R OF Y R T
FSowp, / Dy B 58 T8 RO 32 W6 25 b 1 2 A 388 g K

F (L) AT F 2352 88 R % . itk R S
WS84 F 9 GB 50251—2015 Ff kit &% 0. 8 i), 4%
T RO 5 BE JE AR I 22 Z R C R, LI 9,

2.0x 1071
1.5%10°"F —e—11,=10.02 mm ?
e 1=10.04mm v
e« 14;=10.06 mm I
- |
L 1.0x10 1,=10.08 mm
5.0x107°F
0.0 - - - L !
0.1 0.2 0.3 0.4 0.5 0.6
0;
B9 FA0.8 REEEiRMHEEITEERMEE
45 M fh 2% (=

Fig.9 Effect graph of standard deviation of pipeline wall thickness
on failure probability for 0. 8 design coefficient F

L9 AT LI Y, 25 F g 0. 8 I, 48 18 4 A5 5k
T F Ry 1.0 B A8 AR ] S AR, M BE S A v 2
INTF 0. 45 B 45 T8 RE SR AR o 25 114 A48 Ak 6 A8 T8 R U3 L
-5 R T 2 E SRR o 25 B A 0. 45 B, 45 3 O A
R B TERE SRR I 22 R 2 I L T

4 g

A S0 1 A T LA SN A R AT T I AME S
BEJEL AR , 7O AE T R ) R ROR 2 e B, A
— IR AL AR T R I A A A RE TR ) i e 22 5
M) 4 A8 T ] A RE AR 5, RS 1A AR R BE TR A -
PR b 2 0 A5 3 T FE BE B R0, OF 0B 1A SR
1 BB AR

1) B A I AN S (E A 3 O, A T8 R R S 4R
PR (RBP4 AR o o 22 06 A8 T8 R AL
BERILT- AR . BRI, A I AR Y 3 i 22 08
(ESENLETS ALk

2)) BE JELP- B2 (E XA A T R A B2 0 5 R JEE AR oE 22
A BEJRERRE 22 B/ A8 T ] HE I A2 BE JELF (B Y 5
Wi K, Bt AT B JE2 s o 22 0 O, A 3 T A A% BE TR T3
(ELARE /) o R PACTIT 75, BE JBEF- 24 (I 0] A8 T W] 58 22
LS

3) YA TERE /N T Fow, /Dy I, BB TE R AL
LR Bt RE T A 25 Y 1 DR T DR/ ), 24 BE JRE S (R T



OIL & GAS GATHERING, TRANSPORTATION AND TREATMENT |iISEzS0E 39

F&o, /Do I 485 T8 2R S50 24 i BE J5E 0 4 22 14 1 DR T 184
Ko BEARTTF , BEJEE b v 26 0 A8 18 n] 5 BERZ IR
4)F B 0.8 i}, EEJEAREIE/INT 0. 45 BEJREbRifi 22
ARSI RO R L~ T 52 Wi, >4 BE JE A o 22 i i
0. 45 8 18 R AL AR Pt BE S bR e 22 08 R 2 W 2 BT

;4/

BF K

[1] &%, £ K ERBE FERRRRATHIRALH
[J]. R4 5 &9 ,2015,33(1) :36-39.

GAO Mingye, WANG Zhen, FAN Tianxiao. Present situation
of domestic natural gas market and its analysis [ J]. Natural
Gas and Oil, 2015, 33 (1) 36-39.

FAkdm R TR R, . 2020 A sk AF R
RBE A ], i Ak ,2021,40(12) :1330-1337.

LI Qiuyang, ZHAO Minghua, ZHANG Bin, et al. Current

—
[\
[

construction status and development trend of global oil and gas
pipelines in 2020 [J]. Oil & Gas Storage and Transportation,
2021, 40 (12): 1330-1337.

(3] 2 E,LER . FHFH HBLTTERRALLEHHM
(1] RAKA L 5% ,2023,41(1) :1-7.

WANG Zhen, KONG Yinghao, LI Mengyi. Research on the
supply security of China’s natural gas under the new situation
[J]. Natural Gas and Oil, 2023, 41 (1) 1-7.

[4] BP. BP statistical review of world energy June 2012 [ R].
London; British Petroleum, 2012, 1-48.

(5] A &, & #,F W BREXEFFRLEEBTH XM
FAA L], A2 5 ,2011,28 (3% 2) :97-108.

ZHOU Jing, FENG Xin, LI Xin. Research on critical issues
of life-cycle service safety for subsea pipelines [ J ].
Engineering Mechanics, 2011, 28 (Suppl 2) ; 97-108.

[6] MUHLBAUER W K. Pipeline risk management manual
[M]. Houston; Gulf Professional Publishing, 2004.

(7] R,ER. HEFASRERNS—E B EGHFE

BaFMAEAT] PESEERFFROESMAFR),
2011(5) :6-10.
CUI Feng, ZHANG Shuangshuang. Ocean exploitation and
environmental risk: An analysis of the Gulf of Mexico oil spill
in USA [J]. Journal of Ocean University of China ( Social
Sciences) , 2011 (5) : 6-10.

(8] L& F MK, E o, % EOHFEREFHEEDSE
L ALK EHAER[I]. b B4R, 2012, 34

(12):5-11.
FENG Lianyong, SUN Xiaoyang, TANG Xu, et al. After the
Gulf of Mexico oil spill, the new framework of offshore oil and
gas exploration and development supervision in the United
States [ J]. Energy of China, 2012, 34 (12). 5-11.

[9] CHEN Qian, ZUO Lili, WU Changchun, et al. Supply

F 41 % F 4

reliability assessment of a gas pipeline network under

stochastic demands [ J]. Reliability Engineering & System
Safety, 2021, 209, 107482.

[10] YU Weichao, HUANG Weihe, WEN Kai, et al. Subset
simulation-based reliability analysis of the corroding natural
gas pipeline [ J]. Reliability Engineering & System Safety,
2021, 213 107661.

[11] XU L Y, CHENG Y F. Reliability and failure pressure
prediction of various grades of pipeline steel in the presence
of corrosion defects and pre-strain [ J]. International Journal
of Pressure Vessels and Piping, 2012, 89 75-84.

[12] &3 T, ToB 45, X, 5. BEEMN— R =W 483t 3230

FERAM AT BB A [T]. &AL TEFR,2021,
21(6) :2371-2377.
BA Zhenning, WANG Mingshuo, LIANG Jianwen, et al.
Improved method for calculating failure probability of buried
pipeline based on first order second moment and its
application [J]. Journal of Safety and Environment, 2021,
21 (6): 2371-2377.

[13] % b A3 & RAAFETRMBOT 7k [J]. F
£ 1 b X ¥ $3R,2020,34(4) :49-54.

LIU Hongye, DU Peien. Reliability design method of natural
gas pipeline [J]. Journal of Qilu University of Technology,
2020, 34 (4) . 49-54.

[14] MpAsk, B we k. 3 438 30 % KR W 0L T o S 447

[J]. K& T K3 54R,2011,51(4) :581-586.
LIU Chunguang, FENG Xiaobo. Reliability analysis of
continuously buried pipeline subjected to settlement [ J].
Journal of Dalian University of Technology, 2011, 51
(4) . 581-586.

[15] assik a6 7,588, ATREFEHGELER

FHERTEEMNI]. BXBHXFFHR(ARHAF
#%),2016,31(5) :48-52.
BAI Luyao, SHI Ning, LI Liangliang, et al. Structure
reliability analysis of buried suspended pipeline based on
Monte-Carlo method [ J]. Journal of Xi’an Shiyou University
('Natural Science Edition) , 2016, 31 (5) . 48-52.

[16] T, B dh. Wak R AT RS H[T]. B 5
& ,2015,36(4) :516-520.

HAN Wenhai, ZHOU Jing. Reliability analysis of corroded
subsea pipeline [ J]. Acta Petrolei Sinica, 2015, 36
(4) . 516-520.

[17]47T &, FEE.F %, % ATBPHZRLSRET
F ok bk AR T R ()] W A4k 15, 2018,37
(10) :1104-1113.

HE Lei, LI Zairong, LI Jing, et al. Reliability assessment of

underground gas storage units based on BP neural network

and Monte Carlo simulation [ J]. Oil & Gas Storage and



40

AMSS0MH | 5003 4 8 7

NATURAL GAS AND OIL

Transportation, 2018, 37 (10); 1104-1113. JIA Banglong. Design of pipeline wall thickness based on

(18] FAkWF, T340, %) 4h. MMALA TR EA SR EETE reliability theory [ J]. Technology Supervision in Petroleum
JE ey s A [T]. b A E @ A2, 2017,36(8) :3942. Industry, 2019, 35 (7) : 8-12.

WANG Qiuyan, WANG Lihang, LIU Wei. Application of (23] 2 kA, FHF, BEE HYBRRTEATEERALAK
the stochastic finite element method in submarine pipeline BRJEAT R[], A K 3 % 3,2012,33(1) :4043.

reliability [ J]. Oil-Gasfield Surface Engineering, 2017, 36 LIU Qinggang, YU Xingi, PENG Peiying. Reliability of
(8):3942. pipeline under uniform corrosion conditions and the sensitivity

(19 225 % ., A, BT A TFTAHAMRAGZ A TERESR of the influence factors [ J]. Journal of Hebei University of
B e AR A FMIEE]]. A RFFR(EIR), Science and Technology, 2012, 33 (1) . 40-43.

2022,38(1) :70-76. [24] 2E-F,F 7,8 dh. 4748 JUAT B 4 5T % 8 A PR R 3,
WANG Yifei, SU Chun, XIE Mingjiang. FEvaluation of H#emar R [ 1], 5 #F 142,2014,32(5) :50-56.

remaining useful life for corroded pipeline with finite element WANG Huiping, LI Xin, ZHOU Jing. Effects of initial
simulation and reliability theory [ J]. Journal of Southeast imperfections on pipeline capacities [ J]. The Ocean
University (English Edition) , 2022, 38 (1) : 70-76. Engineering, 2014, 32 (5) : 50-56.

[20] F 5t ANER, 222 £ AT TERGRRASHER [25] DOREY A B, MURRAY D W, CHENG J J R. Initial
AR RREAL B ,2016,34(3) :11-14. imperfection models for segments of line pipe [ J]. Journal
WANG Lihang, SUN Pingping, WU Zhiyao, et al. Study on of Offshore Mechanics and Arctic Engineering, 2006, 128
design coefficient of gas pipeline based on reliability [ J]. (4):322-329.

Natural Gas and Oil, 2016, 34 (3): 11-14. [26] 2B BRAFBMA T HKRTENG T WARBEAFRL

[21] #k3pok, AR, KALR. BAXRLETHRERITAKR [D]. Xi%.Kk#® T X 3,2016.

W EA R T]. KR A Tk ,2017,37(4) :116-122. WANG Huiping. Study on the bending failure characteristics
ZHANG Zhenyong, ZHOU Yawei, ZHANG Jinyuan. of submarine pipeline under combined loadings[ D]. Dalian;
Evaluation on strength design coefficients of domestic natural Dalian University of Technology, 2016.

gas pipelines [ J]. Natural Gas Industry, 2017, 37 [27] & w7,@& &,8 & —FEEIAART g Z M.
(4) . 116-122. 103453823A[ P].2016 —06 —22.

[22] RAA. AT T MR beTHEERE[]]. BHI L LI Xin, GAO Jie, ZHOU Jing. A measuring instrument for
F AW ,2019,35(7) .8-12. pipeline geometry [ P]. 2016 —06 —22.

ORI ALK IR IR

R A AR 2™ L BE bR e R R BHR R R

2023 48 A8 B, BAXAELR BRAKRE T LFffZ BAH AXKER LEETEINfE RERLHSFITRESPL(AHRE
FEALARER R XIS H (2023 ) ) (HAR(FEH)), ZRABRET AN ST LA AR REZRIG, §EMEE T SRR,
1% i RARER R B AR ARE T AR

(Fed) 5k, 302025 55 AR & 5 3 QAR 4 4 R &8 £ KR AAR IR R, RIEIT 30 L L AR B RAR AT AR
fo T EARBEIT A KRN B A AR A0 Ak A E e A e S O @ AR, 3T A AR FJJ:%%J:’F%J‘:%
7T

(red) A an, &ae 7~ MAFER R BB R ML 24 A6 & S G MmiE iz AREAS AFHREZ BEBREK ZE& A
G ZA M Fk—F M, BR 20 ANAZETFHRE 9 ANZETFHRE,

(Hed) 3R T bl i6aT SRk A F bék AR AR EFRBRA QR B FRAFELRT 2 AEEES, (FE)ZK, R
:Ji?lw | # AREATE TR AR BRI R R A IR R B A LS S B FRAR RN TAE, R B A A R B K e B

B AL B IRAR M,

AR BART, PE B EHARLEERE 4 o 0T ks, ik R AT R et AR R R SR R, A
2023 57 A&, P BB R ERMASE 15 E ZARBIRS 3548 K,

S

(A # #HnatBedmiEmyo)



