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Abstract: In order to prevent the leakage failure of submarine pipelines, a FDHHFLTS-BN risk analysis
method based on FDHHFLTS and BN was proposed to study the probability and key factors of the leakage
failure of submarine pipelines. BN was transformed from the fault tree model, and then experts evaluated
the probability of basic events according to FDHHFLTS. The best-worst method ( BWM) was used to
determine the weights of experts, and SAM was used to aggregate the opinions of experts. Finally, based
on the constructed Bayesian network model, the probability of accident occurrence was obtained through

forward reasoning. Also, the posterior probability was obtained through backward reasoning, and
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sensitivity was analyzed. Applying the method for the example analysis, the results show that the

probability value of the leakage accident of the analyzed submarine pipeline is P=6.20x107". Through

sensitivity analysis, construction defect of weld-seam, construction defect of material, and fishing gear

interaction can be identified as the key factors for the accident.
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(i R (2 RS
r G ERIR I ESN X Ep P fa
A4, LS EN X i 1

A, RESES Xy i 2AEH
B, & ik X N FTFLER
B, LG Xy i Lt T
By B Xy B HHREEA 2
B, HARKE Xy BAE A
Bs BB X Ab BN K g
Bs FEE R X SR AL A I
B, il Bl 5 Xis | RS BRI
¢, PRI S 1o Xy TR HLAE
G, G ER ) Xy [z
[ AR X H M

G, WSS Xy PRS- B
Xy | RIEERIE I R BT || Xy BRI T Bk s
X, ARSI 22 551 X1 FHAE BT BRI
Xy AW X SREE T T BRI
X, b5 JB U J2 R Ak Xy Bl
Xs BRI B 1 2 2 Xoo | BB BT BRI
R R RIA I, B AR E SR AR TE

PPV JE il A5 T 0 UG = B B A = R R 2B 1 T
P AL RIS R W] R — AL H
1 XUZ RS = T,

B 3 LREWRAES XM, |k, kA
BWM ik W B RZANER W= (w,,w,, -,
w,) o SRJE BTG SAM BALHEEIILY

Z(h,,hy) =1 =D(h,,h,) (1)

i W(E,) « Z(h;,h,)

k#j

WA(E)) = < (2)
§W<Ek>
;A(Ej)
RA(E)=—— (3)
ZWA(EJ.)

CC(E) =B~ W(E) + (1-B) - RAE) (4)
h=CC(E,) Xxh, +--- +CC(E,) xh, (5)

KA Z(h, b)) M b, 5 b, BIFRIE, B Z(h, ,h,)
(0,175 hy Flhy 5390028 2 0 L PPN LRI &
JC;D (hy, hy) N hy 5 h, B B; WA ( Weighted
Agreement) N L ZIINI—EE  E, E, 735058 j k
& ;RA (Relative Agreement ) A 13— 1L 15 E] )
L R IFIRT—3E ; CC( Consensus Coefficient ) i&
FIILRE B ) W(E,) Fl RA(E, ) Z [ WA~ BT OG5
—MEL T H B=0.5;h HREGTFMLEHXEI, 7
SRR AT, 3 Dy, RBCOE, WITIA

LR IE R T R B B O A2 R e S L

ES ULk SSYET RS N s A i
6, R BT 125 K AR KI5 48l A5TRH A 3% ( Fuzzy
Possibility Score, FPS) .

fumux,u,(u) - udu
FPS =" (6)
fw,u(u)du

RIG ’ﬁ;{% FPS %'f&ﬁ%%ﬁfﬁ%( Fuzzy Failure
Probability, FFP) "' B SG 06 HE %

ABE 4 ARKYEFEE R BN BIRL IE [ 4 25 21 i
I A E MR SO AR (B, BT BN iz
ot B A (Y 5 SR A TR 3

p(X;) - (X))
ROV(Xi)_—qb(Xi) (7)

K ¢ (X)) Flo(X,) NIEASNF X, A ST AF
Ja BAER s RoV MZAZ4k Lt ( Ratio of Variation) .

R F S0 AR S R AURRAME () o AR A5 i v
U AE T O S 5 A A T T O S AU
W=,

2 LBISTHR

PR FH R B AT ], ST ST
MR T RS, % A 24 KRR 15. 8 m,,
B IRAEEAK 1.6 km, JH T O & M4
BUB-A  EIERA LR SN 0. 15 MPa, A HHE
JEN 95 °C, BRI 1N 2.97 MPa, il B S5 K
204 MPa''! |

T2, W I G A A T TR AR AU R s 4l BN
BRI 2 B, AR A Y S R G T
EAEXE L, A JEC T A4S T , B A 5 A
FEHNTHE R, SNTEREFEE M SN B
HA SR I PN R R AL G AR B B | KA i 4l
Bk e, ok BRI 24 MR E SR 1R
24 DIEARFAFAXTI

WiE 3 LR E, E, M E,, R BWM FikiTeE
BRI FAE N W=(0.53,0.30,0.17) , % SAM,
FEE RN & R E A B OSUZ RIS T,
I FASTR Fb A LA A A 17 TR R O AR
It — LA AR A S 25 R L3 2,

HRAE BN AR 4R T A5 50 50 A0 6 0 2% 1A %
&, 38 0 1 e AR B9 RS il A5 T T U S 0 A
FAH P=6.20x107, FEAF b i 4 B i 55 24k
N R FTFLES RN A2 3 B I S0 A R ok, Je de ]



51 5 W64, T FDHHFLTS-BN F R J56 485 1 Yt O 2 R00XUR: 72 ot 43 B - 169 -
B2 #BEEEMRHLY BN
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Tab.3 Accident probability and posterior probability results
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