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Risk assessment of riser interference of FPSO single

point mooring system based on fuzzy Petri net
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(1. State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300072, China; 2. Tianjin Key
Laboratory of Port and Ocean Engineering, Tianjin University, Tianjin 300350, China)

Abstract: The FPSO single point mooring system has many risers underwater. Affected by the factors such as environment, the risers
are prone to stretch, twist, bend and collide, which will cause interference and endanger engineering safety. Considering the risk of
riser interference of FPSO single point mooring system, we proposed a risk assessment method based on the fuzzy Petri net. Firstly, the
risk evaluation index system was built by identifying the risk factors, and was transformed into a fuzzy Petri net model. Secondly, the
AHP was used to determine the constant weight of risk factors, and fuzzy belief structures were used to improve the accuracy of the
subjective evaluation of experts. Then, the variable weight theory and the fuzzy reasoning algorithms were combined to iteratively
compute the credibility of place and the state matrix. Finally, the risk assessment was carried out with an internal turret FPSO in the
South China Sea. The results show that the risk assessment level of the FPSO is medium, and the environment factor and equipment
factor are the main factors that affect the riser interference. Based on the risk ranking results, the risk control measures are proposed for
the risk indexes with a high comprehensive evaluation value to effectively reduce the probability and harm of the risk of riser
interference.
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Fig. 1 Risk evaluation index system
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Tab. 1 Risk index of riser interference
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Fig. 2 FPN model of risk evaluation index system

3 BBk
3.1 WA E

WRAL 712243 0 0 B ANH A RA =R, A i & Z AW B A8 b AR | 38 F T MELLE Bl
RIFEFR , (EALTE 32 NN K B IRAGE AR 8 b B T H 3 45 SRR, H B —ENUE, i
THAFEALIE . A MACEE O 254 R T RN WAL |, REAB S5 A T 20 SOT VR M AS I |



14 i3 # T i 540 45

FURTSC T4 T30 MBS PG A BIF TS B | = /2 0% B0 R 5 ., ELAT S8 IXURG: i Ay 8 MEdE A, iodE LA
i i 2 UAGE TR RS N A, BT %58 R Z AT A A B SR 2345 s XU DR 38 ACEE, 1
IR R AR AT FIW e TR AN R BRI REAR S S PR TR BLHEAT 2R AL, A p PO S5 B, 8
T T 10 SEEh TR % 5K AT HAWAF T h #0083 ~ 5 00 B R0k, BRS8N Il & 538 AR LEBE R
AR . & 10 6L AN L A, AT LR AGbr T RPN b JZ 00 i 3 AU IR &R
AR AL, JZ2 T B SRR AR, LR F B ILR 2,

*k2 ERER
Tab. 2 Experts information

75 HERE TAEHERR/ a HUFR 7T 450K

1 i+t 13 % T ARIE IR I S

2 2t 20 (= an el WIREE BT

3 i+ 13 TR IR A T 5 RS S i RIS

4 i+ 15 g T AR IS 5K B ST

5 2+t 13 TR BTGB 5B TWH AR
6 i+ 13 g AR MG RIARG I S48

7 it 10 T AR S RIAR G WIS

8 it 14 T AR FPSO #E 5 RN RINR G L%

9 i+ 12 T2 FPSO fif i 1% 42 5 B R TH R G2 1B i
10 i+ 14 T TR FPSO fif %42 5 B 5 R I R Gk 1B vl

ARA BRI AR TR A 1Y, 3 AT BRI B A AL 2. . AEREAT SR AR A KU AL )
X T R LA (E A RO R b , 2 X B G0 AR T RS 75 B HEAT JE O TE A SR T AR A T XU A, 45
T DILAEAR AN, FEOPAE AR 5 I PRAAF, AR PPAG A tERf I, DRI, SR S BCLE X RS 5 s 22
Frah AL, A AU (EBEHE AR RS I R R/ N AL A, AT A ER 73 e SR B AT 5 S Bl O

SR PR LIRS AR A i 1 S % A T HEA T B 25 A8 .

e (x.=a)

S(x) = 1 (% <a) (D
C(x,)S(x,
V(x) =— () 5(x) (2)
/;[C(xk)s(xk>]
A S(x) =[S(x) S(x,) oo S(x,) ] AT BLRSARA A i, 2 S () B3 1 L PR AR a
el0, 1], RARBMB KN, EXHWWBERATGFEMNEH KLY « &H 0.5 Ck) =
[C (%) Cyxy) weeee C,(x,)] HEAERE; V(x)=[V,(x,) Vylx,) oo V.(x,) ] HERJGEH

AL

3.2 MR
3.2.1 HBIESEEH

K P2 B LA BE RIS T B AR B o0 N IS S5 . H = {H,, Hy, Hyy H,, Hys |, FTR“ AR K7
SRR AR TEIRI 0, 1] NHEATR A BOMIIE AR IR 3, HE B EME GBI S TN ok 2
AN EFGAEAT VAL, 025 % U TR PR A PPAG SR T AR 2 vh &5 Z B I AL GEBORI I8 5 PP JC i kAT 3R
R R =B BRI B F A5 R R L R EWITAN LAB S PP i

1) ghsr s ERAHIERCY | (H,,1.0),i=1,2,3,4,5} , FORIEARBMIPAL S 900 H, , RIEHEN 1.0,

2) KR BEEHIERN | (H,,1.0),i=1,2,3,4,j=i+1,-- ,51, FRTEAREITAL S TE H, B
H, Z [8], FOF R B TR B H, 5 H, BTXE R BT AR A1 2565

3) ﬁ\ﬁj‘«tﬁ{%gﬁﬂ]ﬁﬁﬁj’ﬂ % (Hii 77ii) 1= 1,2,3’435% »Yii FIRBIPEA S5 H, E"Ji%ﬁ, 2 Vi = 1o



%1 AR TR Pewi LAY FPSO H 55 2487 45 15 UG P-4k 15

®3 EWEEE
Tab. 3 Fuzzy language set

WAL SR % TR A AL
1 MR (0.0,0.0,0.1,0.2)
2 ik (0.1,0.2,0.3,0.4)
3 4 (0.3,0.4,0.6,0.7)
4 & (0.6,0.7,0.8,0.9)
5 e = (0.8,0.9,1.0,1.0)

3.2.2  JIAZES SRR
XF4EbS P, 2B R Z,(m=1,2, - M) DL = R8O B S S5 E T R R Bl K 2, BIT
Wk
Gr={H,,y;(P,),ij=1,2,3,45i<j| (3)

Kb yi(P,) AERR Z, WIHEEF AR5 H, SRR,
WELRHEIEB, (m=1,2, M)W M AL RV ER AT IR R — LR BAR S

G, = {H;,y,(P),ij=1,2,3,45,i<]| (4)

A ‘)’(P>j‘:’r/3“m$)§ JE G (m=1,2, M) TR T AR H R A SR ISR, T R R X
S

M

7y(P.)= X [BY(P)] (5)

2R A (5 A B R TEBORL R = (R, R, Ry, R,) , FRRIE(E R, (k = 1,2,3,4) T T
B

22 [r(H) xy,(P)]  (k=1,2,3,4) (6)

Kb r(H,) (b =1,2,3,4) G H, X5 R BIE BB U4 bR BEAE
Ja ELOER R I, Tﬁ%@ﬁa bR P, BIVPARE .

X = ([fta)ade) /( [f() do) (7)

4 FURIHEEGE

AR Petri W28 Y FFATITLRE T A FRIZ SRR J7, B2 14 1 % i Al A5 B RS PR A 1 | Rk AR
SRR B AT B 5 XU S AR A, 58 i s & KU Tl
4.1 FEFFEEHEEEZX

V26 JIT ] 5 P BB U R AR = A 2 sl R U3 A S, LA AL R AN R

52 A T .

1) - :A-B=C,H"P A Jynxp 4E55FE B 2 pxm HEHE,C Ry nxm HEHE, c; = ]rg?gp(aik Xb,)s

2) @.APB=C,H¥, c; =max(a;,b;), i=1,2,- =12 e ,Mg

W AR k= O ﬁﬁﬁm%ﬂﬁ“ﬁ?@?Tﬁf%ﬁ% a(0) BT EBAEEH M U MIBUEHFF W,

i a(0) 4 nx1 4L, U 4 nxm AEFERE 146 2 BT AT {5 BE VAR GE BAR A 10 B KL =FIiE X m
RO B AR SRR AR AT N S th 3 (3) ~ (7) TR, L ZACEI R 0.1, W o nxm 4EJE I, HoTR W,
PRI P, 0 TARIE o BIAUE , PR HRSOR ™ A= 20 50 RO 7 P, o o AOS AEIT, W, 20 1, 5002 0,

5 =0 TR AR AU ELAE ) A



16 i3 # T i 540 45

E(k+ 1) =W xa(k) (8)

U THRHT I P T A B R

alk+1)=a(k) ®[U-E(k+1)] (9)
Halk+1)=a(k), WIEREEH i RLET 5 BN B4 k=k+1, EEE =,

4.2 ARIESHEPEHIEE X

TEAR SR R e A ) e g | AR ACGHE , BAE R ANF
B, L HERE T
1) ®:D® B =C, HH B .CHnxm 455 D N 1xn 4EFE[E, c; =d; X by;

2) ®:A@B=C, H'P A B .C Jy nxm #EFEF, ¢, = max(a,,b,) ,i=1,2,- S, =12 ,Mmo
5004 k=0 P E WA RS M S AR I i R R 1 e X SRR )
iz BEHEE A I TR KU (97 S AR K FPSO PR 2 48 T30 XU S 9000 R 5 A4, 2L 20T & X

W% R AR RN, & XRELEH R Q=002 0.4 0.6 0.8 1.0),(0 0.2]XF W “#A%”, (0.2
0.4]XF R K", (0.4 0.6] XKW “H4E”, (0.6 0.8 XM “E", (0.8 1.0)XFpi“ M in” , HARK prifedn
4 It

LG RIGERT P, ~ Py BRSS9, 45 & ST A B XU S5 G 0PA 1) J 0 B0 A0 BRI 2 R 5
10 LB RAETHAR T P, (B SERT S A& ZIPAE 0« & 4 B RKEAN &7 1 BRIk
W AR SR (0 0 0.5 0.4 0.1) o ZEE A MBS SE A 1) 2 al A SR RS HE R

55 =20 AR PRI TS BEXT = AR BRI AT AR, W KT a KR i AT AE B A KO A TR E

e™ (w, = a)

5 = 1 (w, <a) (10)

C.s,
V= (11)
kzl (C,Sy)
FVL AR AR T O S Y —IRSHE R
M(k+1)=Mk) ®(VRO)[I'M(k)] (12)

I G M(k+1)= M (k) JWEEAREE A B4 k=k+1, 255 PP E A 52,
BTN TE O T 04 XU S P A
D=M(k)Q" (13)
L G IR BT R LS A (R
fi =w; XD, (14)
4 KBRS IRk

Tab. 4 Classification standard of risk grades

JRUBS: S 25 %l fii A
1 AR RUBEAR /)N , AT 2280
2 {[IS BN, B RO
3 Hhag A —RE UL, 2 AR — 5
4 [ Ao 5N R PNV
5 e XS A, 5 v JE E AR A i

5 Sl
BRI R 5L N B 20 FPSO B 5 R TH R G0N B HEAT XU TR | X582 H i D7 ik A T S0 uE Ui I



1 KRR LT Petri 51 FPSO PG 28 25 T XS TEAN 17

5.1 PEEPrAI{E EH#EIE

5, BERIGEAE . BIAR R RIS BRI @ (0) SR EAR R U R 0F

«(0)=[0.685,0.438,0.291,0.498,0.826,0.545,0.851,0.799,0.633,0.485,0.623,0.473,0.54,0.568 ,
0.425,0.49,0.428,0.285,0.388,0.30,0.32,0.223,0.45,0.35,0.216,0.340,0.293,0.405,0.413,0.283,0,0,0,0,
0,0]"

U= {,u,ij}36X35 JA=1,2, e ,36,j=1,2, - ,35, ,ﬁ\:q:‘,,u}],]=O.769,,u3]'2=0.922,,u431,3=O.922,,u3],4=
0.783 ,u3, 5=0.784 s o =0.568 , 15, , = 0. 730,/’«31,3 =0.866, 13 9=0.905, 3, =0.735, 13, ,, =0.816, 13, ,, =
0.878 ,u3, 13=0.888 b3, 1, =0.905 145, 15 =0.896 135 16 =0.888 155 17 = 0.879 135 15 = 0.796 33 19 = 0.762 35 5 =
0.797 ,pt33 5, =0.808 ,pt34 5, =0.922 145, 53 =0.553 a3, 5, =0.665 5, 55 =0.922 ,phsy 56 =0.498 5, 5, =0.853 35 50 =
0.905 135,20 = 0.779 35 30 = 0.863 iy 5 = 0.888 56 5, = 0.850 , 3 53 = 0.888 , w3 5, = 0.801 , s 55 =0.777 s Ao
EHO,

a(0)FIR P~ P WIEFTRIMEBE, Py ~ Py WO BT AT A5 BE S i 5 22k U B U 2R 1) ~ 1, IR B AR
. kAR, a(2)=a(3), 19_%&2:55'5 W] fe 28 g o P A BE AR R

a(2)=[0.685,0.438,0.291,0.498,0.826,0.545,0.851,0.799,0.633,0.485,0.623,0.473,0.54,0.568 ,
0.425,0.49,0.428,0.285,0.388,0.30,0.32,0.223,0.45,0.35,0.216,0.34,0.293,0.405,0.413,0.283,0.692,
0.573,0.435,0.250,0.367,0.614]"

AL BRI B ST B = B AN LA PR R AEAE KU AT A BE 4351k 0.692.,0.573.,0.435
0.250,0.367,, Ifii Fl A5/ FPSO H.u5 228 A5 T00 AUS B nT {5 1 0.614 , Ui A FA88 5 18 4 DR 38 2 20 AU Y T g
PR, A 5 R A T XU Y K
5.2 REHEREEE

e, ERIIR RS . FAGE R C SRIRIREHER M(0) FR

C=[c, ¢, ¢; ¢, ¢5 ¢)

¢, =[0.167 0,0.279 8,0.061 5,0.036 4,0.103 9,0.044 6,0.103 9,0.202 8] ;

¢, =[0.171 2,0.066 6,0.074 5,0.131 4,0.243 1,0.169 9,0.143 4] ;

¢, =[0.332 4,0.210 0,0.108 4,0.076 6,0.182 5,0.090 1] ;

¢, =[0.338 6,0.083 5,0.122 1,0.178 6,0.051 9,0.225 4] ;

¢; =[0.163 4,0.297 0,0.539 6] ;

¢, =[0.309 7,0.265 9,0.221 4,0.070 1,0.132 9] ,
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M(2)=[m, m; m; m;, m;, m3]'

my = mgsmy = mgsm; = mosmy = mgimy = mg;
[0.009 0.061 0.237 0.358 0.336]
0 0.033 0.240 0.482 0.245
s | 0 0046 0.269 0.427 0.259
0.024 0.113 0.232 0.398 0.232
0 0.046 0.230 0.441 0.284
10.005 0.052 0.244 0.420 0.280 |
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Fig. 3 Comprehensive evaluation value of secondary index
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Fig. 4 Comprehensive evaluation value of third-level index
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Tab. 5 Ranking results of risk index

e SAITHGE XU 4 A b LA TG E R FE bR
1 0.655 2 EIFTRRUSUWN 6 0.454 4 SURES REITEYN
2 0.627 8 KIR 7 0.453 6 B B 2 B
3 0.595 7 ZR RN 8 0.423 6 (M7 SAPS
4 0.519 1 ESEE PN 9 0.421 4 EEE IR
5 0.479 5 PRSI 10 0.420 5 BX
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Tab. 6 Comparison result
211 BRI ARG 21 A TRALE
SCHK[10] 4.648 4.551 4.360
SCHk[ 14] 3.948 3.965 4.390
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