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Abstract; To investigate the failure issues of overdue in-service pressure pipelines, this paper proposed
a method based on integration of BOA and SAM for analyzing the failure probability of such pipelines,

building upon the FTA framework. First, the causes of failure in overdue in-service pressure pipelines
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were analyzed, and a fault tree for failure was established. Then, experts were invited to evaluate the basic
events of fault tree, and their opinions were aggregated using SAM method and an improved BOA-SAM
approach. The accuracy of aggregation was assessed by comparing the uncertainty values of two methods
(the lower the uncertainty value, the more precise the aggregation result). Finally, the failure probability
of the top event was calculated, and an importance analysis was conducted. The results show that the
uncertainty values of the aggregation results obtained using the improved BOA-SAM are significantly lower
than those of SAM method. Notably, for the basic event X, the uncertainty value decreased by 7. 6%.
The failure probability of the top event is calculated to be 0.117 641. Siress corrosion cracking, third-
party damage, weld cracking and excessive H,S content in the medium are identified as the key factors

contributing to the occurrence of accidents. This study provides a scientific and logical approach for risk
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assessment and failure analysis of overdue in-service pressure pipelines.
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tree analysis ( FTA);
failure probability
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Fig.1 Risk assessment process

HEES

2.1 EHEHIER

FE T AR I e 77 48 18 AR SE S ORI AE fE R T
%IRRT T R R TE
R SRR 22 Rh 22, T i SCHR -5 B 8 s S
BRSO 1 e R A A5 7R
K2 fis,

IR

B2 EHEERFKRSER

Fig.2 Fault tree for failure of pressure pipelines system



S EINES O O = N S S 4 H36k
- 60 - China  Safety Science Journal 20264F
x1 HEMEEEHA oL L ML M MH H VH
Table 1 Description of fault tree event
=N LD e TR LD e TR =N LD E TR 0.8
e N TR 2 R
FEHEERR T RSB M, BRI X, 06
JERARICREL M, | R M, B=JTWER X,
o - 0.4
Mj@ﬁfi' TR X, | S X, )
KD AN S &
m@gﬁfi “ﬁij}aé‘ 6 T i X,
A 3 W= Ay 00 0.1 02 03 04 05 06 07 08 09 1.0
. B CO, fri BB
wmkaem, |02 WSETT 2 X,
R fiis X, T H3 S RHENERES S
AR My, | BB X, | BB AESE X, Fig.3 Number of natural language fuzziness
ANERIE DR M, | ANTALEIE R X R R X, judged by experts
FRERES I M, | PR X, | BRSO iR X,
RER I M, =i X, HEFFRML Y 3o, S(RLR)) A 2 (5 GO ] — VA B L)
WEREM,, JE RIS X, R ARIEE X, N ,\/
SNESIER M, mlE X, | BEWK L X, PERERY PR R, IR, 73 5N L 58 i MG 52 j X [A]—
W ER kL M IR X . ~ ~
32 10 F S0 K kR B i i yANA]
e LTI BN wR, (x) AR (x) 4030

2.2 REUREMHHIZR

Bmzi &

TEME S FTA Mg &, it 55

AR BOR A AT A 2 %, IR R
TEHESR 800 L AR L R DA K TAE & ok
WA R SEA S R AR T ReME . 7RI SO 7 ik
Hh SR A 5 2 A ()R B A T BB T BT 3 i
o BB FARERECRGRE N 74, 43 AR
(Very Low, VL) fX( Low,L) %X ( Medium Low,ML) |
H1 (Medium , M) %75 ( Medium High, MH) |7 ( High,
H) M (Very High, VH) . ST, AU X 261 SUE T
ANRERAL RO BOE D RO S NS T R
PRI SUEFE A AT BRI
2.2.1 BEEXENL

KT SAM AL HIWr , KX etk 5 H Wi
BRI

1) THEARRUE WL,

[ (min R (x) , uR () }) dx

S(R,R) =" — (4)
J (max |uR ) , wB)(x) | dx
1 S]z Slj S]n—
AM = Sil Si2 Sij Sin (5)
_S 1 Sn2 Sn] 1 B

B9 R, AR ()@ R, 7l A 10 S, IS M A
— AU % ( Agreement Matrix, AM) , RR EHKZ
] g — B
2) LRI BRI .
1

B, = _lﬁaiﬁh (6)
Reb N BRI,
3) LM ERRE
PR (7)
2B,
4) s G RIE AR, W
W, =B, + (1 -B)R, (8)

A B e [0,1]; &, NEFRIFE B EARRA(E,
THM LR 2,
®2 ERBENEREER

Table 2 Expert competence indicator system

R = W TS
S| BUH | EF% | BUE 217 BUE
NS=E 5 it 5 =25 10
Al 4 i+ 4 15<4¢<25 8
i 3 AR} 3 8<¢<l15 6
] 2 K% 2 2<¢g<8 4
HoR 1 it 1 q<2 2
5) ILRLFREILTR
N
R=) (W, R, (9)
i=1



4 4]

FEAEMSE . SETF BOA-SAM-FTA f B3 AR A 1K 14538 XU A - 61 -

2.2.2 EEHRUCIER
TR It R R AR 30 Ak R 3 M ) 0, LA
TEAEROIIASE Fh A T AT AN SR O Rk T
EAIAL .
A +d+ed-a* -b -ab
P_/»((l,l),c’d)— 3(c+d—a—b)

(10)
s P, R RO AOBORT FT REVE(E ;0 b o .d 53
GilWaL A Yk GO =8
2.2.3 RUBEMERRAKIMERE
W A AR T A RSORY) 7T R 2 i oA SR SR
& P j#3d Onisawa ' 2A031H5

— P #0
0.7,=0
Kb kAR, "1,
1

1-P\7°
k= : x 2.301
Py

2.3 i BOA-SAM 7 iM% B

$2 i BOA-SAM i, 8 a2 A AL A 9t K 5~ 42 = 2R
BRI R SR

AT Sy . 1 5, 76 Matlab 27 i AL %
MY EEAAE BN L ZZVEA AR 28, A st X - 1) B R
R0, 1] Z ) A5 ok, FIT % 58 SAM
R EG XIS RN LR B n AR GG RN
W PR, XIHEAERE 7 BOA F2 7 R i I
TR, B — 19 2 5 AN PR B O RA S R T, e
A5 B0 IO e /NN 2 M AL PR S st PRI 7T T B
BREARS TG 24 ) AR R %
2.4 MEGHMEITE

TR R S A3 AT R TR A 3 A
PR AN R R G R A F R 2 PPN
FEE 2 B SR Sl e 5 ] S e

(11)

(12)

e I HAN AT, 2R S TR SATE

PMFI—HU—H&H (13)

R on EEARIERAEG P(X,) Wi AN EAE
PRSP (T) R AR A
2.5 BEXEGHEEEST

TR 2 T i 2 G AR I 1 A S A%
ORI, R T R R e RS, T AT
FEGHT , DATTAR S A S50 4 A A 2R 10 720 Ak 2% o T o
TR AR SRR SR PN 2 B O S 7 4
AR T A AT

MR w T, AR

_oP(T) _
"MMQZIL“ PO

3 EFISH

PAVGALSE it FAR Y DX R 1), 32 XS A T ) 4
BRI 42.5 km, S48, B IREAE E & LA
28. 3%, ZAFAL XA B IAL T il | R3S,
ARSI N RS (5 NS TER 71
3.1 WEERIEFHIE

H1 7 2L RAE R, & AL B A AL
PO L FRHAFA BRI RITHr W3R 3 FIk 4,

®3 ERENRENERS
Table 3 Expert brief introduction and weight scores
LR Ry T | #HE | B

(14)

R my | s | kr | @ | PR
1 T AR 4 i+ 11 0.113
2 g AR 20 Wt | 18 | 0.185
3 g T AR 14 Wt | 15 | 0.155
4 g TR 9 it | 14 | 0.144
5 g T REI 13 it | 15 | 0.155
6 Hz 1 i+ 12 | 0.124
7 H % 1 Wt | 12 | 0.124

R4 ERMENBEREFHFIET

Table 4 Expert judgments on all basic events
LR 1 2 3 4 5 6 7 L X 1 2 3 4 5 6 7
X, L H H L L ML ML X, VL M M VL M L VL
X, VH H VH H M H VH X5 MH ML MH MH H MH H
X, L L ML ML L M ML X, ML ML MH MH L MH H
X, M MH H MH MH MH H Xis M ML M M ML ML ML
X ML ML H H M MH MH X6 MH M MH M MH H VH
X MH L MH MH H ML ML X M ML M ML ML ML ML
X, ML H L H L ML M Xig ML ML M ML ML ML ML
Xy VL H VL H VL MH MH Xio L ML ML ML L ML ML
X, ML L ML L L ML ML X, L ML M ML L ML ML
X VL L VL VL L ML ML X, ML ML MH ML L MH H
X, VL VL VL VL L VL M X, ML ML VL VL VL ML ML




S EINES O O = N S S 4 H36k

- 62 - China Safety Science Journal 20264F
3.2 BOA-SAM Wiz 2 o s amp AT

5298 SAM HlHA I IR T ph AR 4 e 10 POASAMIFRAERE :
S A SCHR AT 2 (8 R B 0.5, SR FH 0t g P y et v B
BOA-SAM SR U At #A 3 4 F, 3 it Matlab 72 ok @“7 s .
B AR T BOA ML B A s babLYE, 5 £ ') s : °
SRS RAE RN, I, 2217 500 doBOA O s s
Bk, IOV 350 (8 o 85 O (6, SR 5 5 e s 3 I 014 | :
4 0.97. 0.13 . .

BOA-SAM ‘5 SAM AN 5 P8 4 X 5 n 151 4 Fe 012 8 8

~,NE 4 FTLUE 1, 5155 SAM AL, B BOA-
SAM Frf5 8 15 A 45 R BAT AR A AN P,
R X, AT HEERRR 7. 6% , 5 R
3.3 KRBEREMGLREME

B Ze3d BOA-SAM F 58 H i e i st 51y
0.97, FIH(8) — X (1) LR L RKEW WMREG
(5 T A5 B50HE AT BRI 1L | SR A 15 B 4% 52

0, XX, XXX X XX X XXX XXX XX XXX

1477157716 1

Flh e
E 4 BOA-SAM 5 SAM A#E M EE X3

Fig. 4 Difference between uncertainty values of
BOA-SAM and SAM

SAM 5t BOA-SAM [ AN 2 P4 (L LA K e o 4 P
FAFR MR BE R 5,

&5 SAM 71 BOA-SAM RS HERMAHE EE MR BEREHLHR
Table 5 Basic event failure probability and uncertainty values of SAM and BOA-SAM aggregation results

SAM 1A BOA-SAM B4 N SAM 1A BOA-SAM BA N
WS e i e RABA | WS Wtk | R
X, 0. 124 934 0. 124 756 0.003 142 X, 0. 121 400 0.119 235 0. 000 908
X, 0.121 699 0.119 735 0.036 210 X 0. 175 556 0. 172 402 0.012 423
X, 0. 144 954 0. 142 456 0. 000 885 X, 0.178 368 0. 172 599 0. 005 431
X, 0. 167 275 0. 161 276 0.015 686 Xis 0. 160 820 0. 158 907 0. 002 556
X 0. 157 508 0. 154 840 0.008 741 X6 0. 154 994 0. 148 911 0.013 526
X 0.178 275 0. 165 630 0. 005 659 X 0. 177 496 0.171 582 0.002 121
X, 0. 127 985 0. 124 010 0. 003 998 Xig 0. 190 239 0. 184 878 0. 001 827
Xq 0. 147 938 0. 146 021 0. 003 588 Xy 0. 178 633 0.173 522 0. 000 997
X, 0. 157 211 0. 151 943 0. 000 688 Xy 0. 165 729 0. 158 212 0. 001 255
Xy 0. 147 806 0. 145 462 0.000 174 X, 0. 178 368 0. 172 537 0. 003 865
X, 0. 140 769 0. 136 410 0. 000 073 Xy 0.179 66 0.177 46 0. 000 352
3.4 REMEHBEREEESH ooy
FRHER (13) P 5 45 5100 4% A S 0 1 26 0510
SRR | TR 1o AR 3 BB ) T 0905
(2 OAE %, HHEEAR ] P(T) = 0. 117 641, H3E mgg
S (14) B A SEAR TR T LR 0 2 o
Bl 5 R, SCH 4R B9 BOA-SAM-FTA J5 1 38 5 0.885
BOA S UL B - (B K 0.97) , BEHS 0580
ERREF R BB, #0Ex

LB BRI RE R GEVEREAR . A0 M A R4 B
PR T IR A B R RROR KSR R R i
PRI A 5 4 2 A0 ME 3 B T L S
oA

X, X, X, X,X, X, X, X, X, X, X, XX, X, X XY XX

i

5T
KREHEEEHS

Xy Xy Xy

177018 19

Fig. 5 Importance ranking of basic events



4 4]

FEAEM S BT BOA-SAM-FTA (80 IR A% HE 7 4518 RV 374k - 63 -

4 &

1) 213 T BOA-SAM-FTA 1 XU T Al A5 7
XL 58 SAM J5 ik b it K7 B HRCIE 3 0L i
FORA LR 2 Ve = B a8 M T DR/ MER
WaE P H AR R B BOA AL RE AL 766 b3
I FE AR S R A% 0 4 R 2 B g P P, R A o
AR AR 7 B =0.97, Xt Hr M, i
)5 1 BOA-SAM J iIL7E A IR 44 L R A& A
FEPEM YY) R T4 5 SAM J7ik (BRik B=0.5),
HO B O e KR 1 X6 (R I ) R
WEMEERRAC T 7. 6%, XIUFBHZ 7 V5 BE A 20U 46
LRI BOR DX (], 2 BT R 50 ) O AN
REEAL IR I B UL SR

2) Ak TR I AR A R A 1 e AU 5 R
BT BRI AR BT R R X
5 X SelHR I IR AR 1 0 45 1 2R 4 4 IO 5 O A SR N
0. 117 641, Ab TR AR A, HER 8L S M 45
FEIR N SR TT R B = TR AREETT SR A
i H,S P i e A5 S U I O Rk S
HWER, RUFEERSELSRASE T, MR LS
AN AU A5 R GV R S B0 A 18 A A%
DAL

3) HF BOA-SAM-FTA 43 #7 J5 ¥ 19 245 B th %
FSRJE KB, R, PR Iy i A0 3
BEATE SRR sR L, Ry T ARk R A, R ok 1 B
G AN E T3 B 43 b 45 SR B SR ok B2 Ak BT o
pATT

XS, BEEE, =R, F. N N EBEEBRAR. KEBSEELZ2BERNM]. PEOBANKT,

ERE, &8, FFER. S EatRNESHE)]. PEZERNZFR,2021,31(1) :159-164.

Ren Lefeng, Meng Xiangkun, Chen Guoming. Risk evolution and evaluation for oil and gas leakage of pipeline in shallow

Lu Shilei, Tang Dongchuan, Xing Guoging, et al. Risk assessment and control of oil and gas pipelines[ J]. Chemical

Zhao Xue. Risk analysis of oil spill accidents in submarine oil and gas pipelines based on fault tree analysis method[ J].

SdE, Fi8, Behgk. EFSEROMANKEBEBLREROMI]. BT WRAREE, 2010, 26(4):

Gu Wenting, Li Chem, Bi Zhongyi. Analyses on the leakage factors of long-distance pipelines based on the fault-tree

ERE VN U, F. BTSSR R -FMEA 88588 XMAIEL)]. PEZERNF R, 2024,34(5)

Wang Dongying, Chen Xiaoping, Liu Quan, et al. Risk ranking of oil and gas pipelines based on improved cloud model-

Wang Daqing, Zhang Peng. Analysis of failure consequences of oil and gas transmission pipelines by using a fuzzy event

BRI , 76 B AR, 5. BT T-S RAEFEAI T T SED T X EER BB RITESAMRI]. 22 (BR

Chen Li‘na, Qi Guangfeng, Han Qing, et al. Research on failure probability calculation method of water injection

pipelines based on T-S fuzzy fault tree and Bayesian network[ J]. Safety, Health & Environment, 2022, 22(9) . 38-45.

& X X o
(1]
2025(4) .57-59.
(2]
sea[ J]. China Safety Science Journal, 2021,31(1) :159-164.
(3] PeR. 25, IERK,5 B5EEXmEN RERZ[I]. L I1EE,2025(4) :81-84.
Engineering Management, 2025(4) .81-84.
(4] &S EFHEROITABRBSEEmBBIXUOMLI]. K ITER,2025(2) :88-91.
Chemical Engineering Management, 2025(2) . 88-91.
(5]
19-24.
analysis method[ J]. Technology Supervision in Petroleum Industry, 2010, 26(4) . 19-24.
(6]
61-68.
FMEA[J]. China Safety Science Journal, 2024, 34(5). 61-68.
(7] EXRX, KI5 BSREBLARMESREMSHEN DI ]. LESIMNRFIR,2014,14(3) :88-92.
tree[ J]. Journal of Safety and Environment,2014,14(3) :88-92.
(8]
FONIE ,2022,22(9) :38-45.
9]

Diao Xu, Jiang Juncheng, Ahmed M, et al. Risk analysis of domino effect of leakage accident of petrochemical pipeline
based on analytic hierarchy process and fuzzy fault tree analysis[ J]]. Safety Science, 2025, 187.DOI. 10. 1016/]. ssci.
2025. 106852.



.64 -

boE " e B % il H364E:
China  Safety Science Journal 20264F

[10]

(11]

(12]

[13]
[14]

(15]

(16]

Nazila A, Mehrdad N, Atefeh A, et al. Assessing the reliability of natural gas pipeline system in the presence of corrosion
using fuzzy fault tree J]. Ocean Engineering, 2024, 311.DOI.10. 1016/j. oceaneng. 2024. 118943.

Qin Guojin, Li Ruiling, Yang Ming, et al. Failure probability estimation of natural gas pipelines due to hydrogen
embrittlement using an improved fuzzy fault tree approach[ J]. Journal of Cleaner Production, 2024, 448.DOI ;10. 1016/
j- jelepro. 2024. 141601.

SOKE ,HZ, L. BT FTA-BN BV ERP RLZESHMARKRONI]. PERZENFEZFIR,2023,33(2)
38-47.

Zhang Bingjian, Su Qin, Liu Hailong. Human error analysis for unsafe events of cloud ERP based on FTA-BN[J]. China
Safety Science Journal ,2023,33(2) .38-47.

SRHIEBAZ. BT SUHIERIU BRSNS ABSEMRITIIA: CN, 202211622467. 0L P]. 2023-04-07.
G, 2R, ARS, 5. BEFCUHBRM SRR e ABSEMIIL]. AR TIWAKFER,2025,51(3) :
295-307.

Wei Bo, Tang Rongjie, Zheng Yinghao, et al. Improved butterfly optimization algorithm for mobile robot path
planning[ JJ. Journal of Beijing University of Technology,2025,51(3) :295-307.

Lu Mingming, Jin Yajing, Lin Jieqiong, et al. Fuzzy fault tree analysis of EVAC system based on improved SAM-FFTA
with butterfly optimization algorithm [ J ]. Engineering Failure Analysis, 2023, 154. DOI. 10. 1016/j. engfailanal.
2023. 107658.

Takehisa O. Subjective analysis of system reliability and its analyzer[ J]. Fuzzy Sets and Systems, 1996, 83(2).
249-269.

EE®N: B (2001—) 5 WUITNTI W REFE AR 0F 5807 18] S A Hs B 4 XU
PFAl . E-mail : thb1527566913@ 163. com



