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Abstract: In order to solve the problems of inaccurate failure priority ranking and excessively subjective
risk evaluation in traditional FMEA | a risk evaluation method of oil and gas pipeline failure modes based
on a hybrid weights-cloud model was proposed. Firstly, the failure modes and causes of oil and gas
pipelines were investigated and analyzed, and the systematic FMEA mode was constructed. Then an expert
evaluation opinion processing method was proposed based on the cloud model and the hybrid weight

method. The game theory was introduced to reduce the subjectivity and randomness of the evaluation
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results. Finally, VIKOR was used to rank the risk of each failure mode. The feasibility and accuracy of

this method was verified by comparing with the traditional FMEA method. The results show that the method

can comprehensively assess the risk factors of pipeline sections, quantify the risk values of different

pipeline sections and identify the most important failure modes of the same pipeline section, realizing the

effective positioning of pipeline high-risk areas and the ranking of the risk factors of pipeline sections.
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Table 1 Analysis of causes and consequences of oil and gas pipeline failure

FPe | RAEC KA

L REN

1 A

Moz B b S b | UK ) 45 A0 0 4R 5 B I

i 25 AT P U M 240 1k ERE )

KA AT TR ko 2 35 i A B T2
2 | wpm | TR LA AV IS ARREI | e st

(LIS

2 =
3| dikRia Wesisn | %

HE B A T E AR A VA G Sy o o B A T

Je M W BT 3 IO I PN DA SR AR MG
15 Y JA PRI RN , 1 L B0 R

oy
4| REBW |

S =PRI i TBREE | P AR ICE R i i A I R

T AN SR S B R R B, B ol i
U, BOKR SIS B AT

15 Frh 2
S| EERIFEL | g s o s MR RER T , %2 AL

F T N RS R b A ok R AR PR

JR BB /LIRS , PO K W A 2

R2 WSEEXERSIRE

Table 2 Oil and gas pipeline risk classification scale

IR S5 2% KRBT REME (R AR ) ik Jri SR BB/ % =hrE
WARSIE.[(0,1.29 %/(10° km - a) ] ; i S EESAFE
ngLL [(0,2.17 /(10" km - a) ] ; LURUES (85, 100] | 0(6(1 3())9(())2)8)
Bl - [ (0,4.08 K/ (10° km - a) ] -064,0.
WA T [ 1.29 R/ (10km + a),4.58 /(10" km = a) ]5 | ... o
IZiJ;/IL S /Eh%ﬁ[z 1775’\/(104km-a),1.41 #,\/(104 km - a) ] &ﬁiﬁhbﬂﬁ{mjm (65, 85] . 3()(9005605)
BAAS I < [4. 08 YK/ (10°km + ) ,2.38 R/ (10° km - a) . 309,0.




% 5 01 TR U 2R FMEA (3 KU HE £ 65 -
g%
R 5 ST REPE (SRR ) ik I W% | bR
g Gt = o
| ML (4,58 5/ (10%m - 0),9.09 B/ (10 k) | (5 EUTESLE 0 B 0 601
1= o e Y .. /108 km « a) 1. DL TR A2 i Al
o | KR L4 (10 - 0) 0.9 B0 (0 - )]s | g g3k | 2 %) | 0. 064,0.008)
6 A A5 3 Ve 6 .. o | . A A A AN B
s | T LB I/ Q07 b - 0) 0 UV D ezt A | Lo | (0,
K VH IE )(Af : m - a), oo JRCTURE: L1 LI/ CL0T e o e ey ’ 0.013)
m-+a),too

3.2 ETF VIKOR HEBI XK KL% FE

VIKOR 77 ¥ 42 OPRICOVIC %' F 1998 4F
B, BB TP T B v A
FEARAT AR 5 SR 55 25 0 1 AT B 0 4T
IREAHET . RS & 2 P EERE  JH VIKOR H:0
4 2 A ) O B A S R 5 SR

D R (o, 0, 0,0 ) B (0,
oo oY o ot g Vs AR S 0
DT E, A 2 A T35 2 xR E, 5
NS L

2) R RHARGE I B, IR R, ST

RO B, A BB R, TR0 AR
R R Y Q 1
Q=y it U=y e (1)

K. BT B R* MR Y8 B, A1 R, W85 KA Al
/IMEL; y RSORS00, 5,

RRIEA R A Q M, MU LB AR 2 2%
B RS HERY

4 EEREHE R L6 5

DAL SR By K AR S T 10 SE PRz A7 85 A ]
KB RIS TE K 120. 6 km, A K X60, H 1%
9 660/1 016 mm,izf7EJ1h 6.4 10,12 MPa, 25 &
BRI AR RS SR i S Wi 5 Bk
OB IR M 2SR REJE AR Gs TR ) (EE
TE S L B A T A B T R A, £ 6 U P R £
BRI 25 S | B0 43 B 4545 B B R 3 A1 1 1 DL
P& 3, ARG I A I A A A 5 SR, R AE R
52.160 km &b &A= 8 R FG, S ECT 0 T B AT
RAEASIE S IB AL K B FIR B 35 5 1 388
1344 mm, HGHE 5 0L KN L B FMEA
PEM T R VL, LM, H | AT RO PEAY AR 3
BRI A3, PFAY 5 B 28OS 1 3 Rl AN PR 7
IR NFR 4 NG E SRR S,

®3 BRSO RBREST

Table 3 Unit division and defect distribution

o REJR/ WK/ | Mz B TR E/ mm BB/ mm TR AR /mm | PREEBFE K/ mm
mm MPa mm YA | WiEZE | BMH | AniEE | BE | 2R | BE FrifE 2
1 7.1 6. 4 660 1.81 0.36 15 10.5 1.4 0.28 123 26.21
2 10.3 6.4 660 2.35 0.47 22 15.4 1.4 0.28 51 10. 87
3 8.7 6.4 660 1.64 0.33 24 16. 8 1.4 0.28 39 8. 31
4 7.1 6.4 660 1.31 0.26 30 21.0 1.4 0.28 167 35.59
5 12.7 6.4 660 2.00 0. 40 16 11.2 1.4 0.28 151 32.18
6 10.3 6.4 660 2.35 0.47 17 11.9 1.4 0.28 75 15.98
7 18.4 12 1016 2.81 0.56 26 18.2 1.4 0.28 160 34.10
8 26.4 10 1016 3.50 0.70 22 15.4 1.4 0.28 32 6.82
9 22 10 1016 2.80 0.56 16 11.2 1.4 0.28 142 30. 26
10 26.4 10 1016 5.09 1.02 25 17.5 1.4 0.28 42 8.95
11 14. 6 10 1016 2.79 0.56 17 11.9 1.4 0.28 43 9.16
12 17.5 10 1016 2.35 0.47 40 28.0 1.4 0.28 170 36.23

il AHP 315 FMEA 3E 3 NS FRIFE ,
PR30 57 0 WALTE , EA 45 R T — B 56
S HIALE Hy 0. 58,0 MIALEFFSH 0. 31,D BIFLE K

0.11, ffif{] CRITIC 453 S.0 D #8FrlAI 22 % &
B bt RECSERN T, R 6, RS R
AH B M ME A SR S5



hOoE % e B % ¥R H34%
: 66 - China  Safety Science Journal 20244F
F4 EXIHER
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Table 8 Results of VIKOR method and traditional FMEA

Ei VIKOR-Q #6475 | 154 FMEA i | H)F
e 1.36 0.42
RN S 1.10 0.15 2
Ji ik 0.98 0.14 3
A 0.77 0. 08 4
Fmpit 0. 66 0.07 5

THEEE R R IR B AR 24 1 RO e ey, L
USSR R, BB PR B Rl 345 5 25 64 7 R
s il [0 B T 3 28, I i PRl B 25 T B 1At %) L
7 8 1 VIKOR 5154 FMEA HHESEHR nlLIF
2 2 P EAS 2 KU HE P — 2, BIE T VIKOR £
R RHE, [RIB S KU FR bR , & B8 VIKOR 4%
P R FRIAI 22 SR S8 FMEA 358 8 3% B
B, AT ALK A RS RS N, Sy TR S bR
PRAS TR I HE (1 e o S

5 & it
1) (0 25 R TR0 5 3 £ 2 i 2 R 464 1A

TR M a5 R AT AR 5 6 B, 5 R IT it
iR 1) i O WG 1 1 O Y 2 B R = W)
GRS RS,

2) FHRANEE, 456 AHP 5 CRITIC %,
3BT FMEA J5 39 3 N8 bR R 7 8] A A R, 5
AHZES AR B PR A E i T EM s E U, 5
PN EE AR

3) i VIKOR iEXF4538 5 Fp e sioh =047 K
BT A, 8 i 55 58 FMEA J7 ¥: 45 B 4) 1, &
VIKOR AN AT 35 21 XU 246 5 HE P 09 H i, i L
TEA 45 SRS ) e sop o ) 22 5 3, S o 2 4 it
AR A BEIE S

4) 3 A T AT MO ) FMEA 4387, & B
IUAE B K A B 28 e a3 i RS B s, AR R T 2R 30
M TEHICRZE , SCHP AU A BE 5 Fl R 2R
PEAT RS DAY, Rk — 2 04045 T () BT B | If30F
TR S R e U, 48 T SO R AL Y TR IS
Rt

2 % x

(1] Z#R BEB 50 £ . MREBs5HIK4 BIN]. L5235, 2023-08-07(007).
(2] TN&E. BEFEM FMECA BVEBEBRELEXMITNTI]. 2%,2020,41(8) :13-19.
NING Shuangsheng. Safety assessment of pipeline oil pump based on fuzzy FMECA[J]. Safety & Security, 2020,

41(8): 13-19.

[3] YU Jianxing, WU Shibo, CHEN Haicheng, et al. Risk assessment of submarine pipelines using modified FMEA approach
based on cloud model and extended VIKOR method [ J]. Process Safety and Environmental Protection, 2021, 155

555-574.

(4] 8% EFUESITABRENORSEEEENMNNTIAARLD]. IR PECSHAZLR),2019.

SHAN Ke. Research on quantitative risk assessment method of gas pipeline based on data statistics and scenario

simulation[ D]. Beijing: China University of Petroleum, Beijing, 2019.
(5] K8, 0. SRENESMRMOBIEEERBBRL]]. OB%#R,2016,37(10) :1293-1301.
ZHANG Peng, PENG Yang. Failure probability of corroded pipeline considering random variables correlation[ J]. Acta

Petrolei Sinica, 2016, 37(10). 1293-1 301.

(6] N2, 3%, BEFRIEEEVESEEESXMITNTIALI]. RRSTI, 2018,38(9) :129-138.
SHUAI Jian, SHAN Ke. A quantitative risk assessment method for oil and gas pipelines based on failure data[ J]. Natural

Gas Industry, 2018, 38(9) . 129-138.

(7] B, KX, B EXSRAREHRRSEEEEMNMIPN TR ARLI]. KRRSTU,2018,38(2):

112-118.

ZHOU Yawei, ZHANG Zhenyong, TIAN Shanshan. Quantitative risk assessment of the natural gas pipelines in upgraded
areas[ J]. Natural Gas Industry, 2018, 38(2) . 112-118.

(8] FEB EBMHAEIMS,F EFERNRNBWEXOXWNTI]. BRNEFR,2017,26(4) . 77-83.
WAN Xichao, YIN Weiliang, SUN Peng, et al. Risk division assessment of rainstorm-flood disasters based on cloud
model[ J]. Journal of Natural Disasters, 2017, 26(4) . 77-83.

(9] BB NEH,PXE,F EF _4BUNDRSRABETX

2023,23(10) .3 774-3 783.

BN RIDEAR]). LESMRESIR,

HAN Feng, LIU Zhibo, YIN Wenhua, et al. Ecological risk evaluation and optimum selection of desert expressway
schemes based on 2-D cloud model[ J]. Journal of Safety and Environment, 2023, 23(10) . 3 774-3 783.



hoE e B o $34%

- 68 - China  Safety Science Journal 20244

(10] SKES, BSVFE, £IR, & EFIERUNEMTHTHSEBNMMNARLI]). PELEZETRZRA,
2022,18(7) :149-156.

ZHANG Peng, YOU Yafei, WANG Jing, et al. Research on risk assessment of buried parallel oil and gas pipelines based
on multi-dimensional cloud model[ J]. Journal of Safety Science and Technology, 2022, 18(7) . 149-156.

(11] BEN, X, 8, F. EFRUSY I TEHEXOENE XN ()], BEXETRZSER, 2023,
45(10) .98-103.

TANG Zhifan, ZHU Wenhua, WEN Chao, et al. Construction risk evaluation of expansion engineering inlet pit based on
cloud model[ J]. Journal of Wuhan University of Technology, 2023, 45(10) . 98-103.

[12] B%E. EFnERAUsHHRENRITNSXMESIRIT : LEBREABID]. Tl LEUDTEAS, 2019.
LYU Jun. Study on risk assessment and risk management of flood disaster based on cloud model . taking Chaohu basin as
an example[ D]. Wuhu: Anhui Normal University, 2019.

[13] =R MRTRPMBEIEL)]. PEIERS,2000,2(10):73-79.
LI Deyi. Uncertainty in knowledge representation[ J]. Engineering Science, 2000, 2(10) .73-79.

(14] LR, S0O0MF. NBREFMARLZENNRIL]]). PEZERFEFR, 2019,29(9) :51-56.

WANG Kang, DONG Sihui. Research on cloud model for safety evaluation of rail transit vehicle system[ J]. China Safety
Science Journal, 2019, 29(9). 51-56.

(15] 2520, R, KfEH, F KIIZARZEWNOSRURNAL]]). PEZERFHIR,2018,28(6):
116-121.

CAI Yilun, YANG Fugiang, ZHU Weifang, et al. Cloud model for assessing inherent safety assessment of chemical
process and its application[ J]. China Safety Science Journal, 2018, 28(6) . 116-121.

[16] fFil. EFSERNESENZENRRIDEL]. ITENERGIERS, 2012,18(12) .2 792-2797.

REN Jian. Linguistic-stochastic multi-criterion decision-making method based on cloud mode[ JJ. Computer Integrated
Manufacturing Systems, 2012, 18(12) . 2792-2797.

[17] HASSAN S, WANG Jin, KONTAVAS C, et al. Modified FMEA hazard identification for cross-country petroleum pipeline
using fuzzy rule base and approximate reasoning[ J]. Journal of Loss Prevention in the Process Industries, 2022, 74.
DOI.; 10. 1016/j. jlp. 2021. 104616.

(18] SEAUR, B35, (W, & EFEHC-BERCVERENETE LLEXNMITERIAR)]. 2SR
248, 2022,22(3) :1132-1 139.

FAN Chengwei, MING Xingfen, FU Xiaohong, et al. Research on safety risk assessment of prefabricated buildings based
on game theory-regret theory[ J]. Journal of Safety and Environment, 2019, 22(3). 1132-1139.

[19] ZTBEMOBREBRBIZHIRALI]. BSMEIZ,2011,30(6) :401-410,393.

LI Helin. Failure control technique of oil & gas pipeline[ J]. Oil and Gas Storage and Transportation, 2011, 30(6) .
401-410, 393.

[20] NE®E, Z&EE, OF, F ARSEERIDNMSFTENR]. LEIMETIE, 2012,19(3) :100-104.

LIU Guozhi, PENG Yingwei, WU Dong, et al. Natural gas pipeline failure analysis and precautions[ J]. Safety and
Environmental Engineering, 2012, 19(3) . 100-104.

[21] 52, InE2,KBsL. BEFBERFEIHSEBRIMRNGLI]). PELZENFFR,2016,26(1) :87-93.

SHAN Ke, SHUAI Jian, ZHANG Sihong. Adjustment factors based assessment of oil and gas pipelines failure
probability[ J]. China Safety Science Journal, 2016, 26(1) . 87-93.

[22] g5, N, 2, F EEBTEEEARIBRMETARBRLI]. WSS, 2020,39(5) :530-535.
SHAN Ke, SHUAI Jian, YANG Guang, et al. Evaluation method for basic failure probability of oil and gas pipeline based
on accident statistics in the United States and enlightenments[ J]. Oil and Gas Storage and Transportation, 2020, 39(5) :
530-535.

(23] METE S, SERIN F, OZ E N, et al. A decision-support system based on Pythagorean fuzzy VIKOR for occupational risk

assessment of a natural gas pipeline construction[ J]. Journal of Natural Gas Science and Engineering, 2019, 71. DOI.

10. 1016/]. jngse. 2019. 102979.

BE®ST: AT (1974—) 55 WHLHKON Tt R TARI, 3220 MG Il e bk
EBEOR iy S TE BB R IT | W beHE RS 1 G B B B 5 B A S5 T AR . E-mail

wangdy@ pipechina. com. en,,





