Journal of Taiwan Maritime Safety and Security Studies
Vol 3, No 6

Y SRS E Iy

Application of Bayesian Network to the Risk Assessment
of Offshore Piping
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Abstract

Maritime works have developed their own standard construction procedures.
To mitigate risk of maritime works depend mainly on the domain experts’
experience and know-how. However, problems appear when less experienced
experts are available, or qualitative experience exists in a narrative form. It is
therefore important to structure clearly an engineering risk factor relation, and
quantify and control these risk factors. The proposed study will first collect and
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review related literatures, and then interview an expert from the designate maritime
service company to establish the risk factors associated with offshore piping.
Eventually a complete Bayesian network (BN) was formulated using Interpretive
Structural Modeling (ISM), and experts’ experience was Written into a set of prior
and conditional probability to be embedded in the BN. The BN can clearly show
that certain earlier operational factors affect final operational process deeply.
Besides, the backward reasoning using the BN is possible to identify the factors
causing a project failure.

Keywords: Maritime engineering, Risk assessment, Interpretive Structural Modeling
(ISM), Bayesian network (BN), Offshore piping

A E TR EEY - BRI EVE TR SRS TResREgh 2 &
Bl G RRUSEAAE K TR N ETHBASE - o — I > B s R LA R 2 &
Z - R ESUE R E IR IRAIGE S - FIANEE RT3 E - SEOBRER ~ FRRA
SRS - EAERIPERER Xﬁ\ PEIEAR -

PRI TR Y > SO RE TR B R T VB SE - AL S R KRR A
NIHIEGE TRERONTE R&)E - EH B ERImAEEREE - —(F TR SAVRRIIEA - BR

TI$£?321TIETJ$Z?%P??*§EE JeR\ e 5 T Y7 PR AR Ay R S EE ML € o i Simm and
Camilleri (2001) ¥ $& & J&be & B RETR it TAE F3atEE NI =AM |

® i BRI A BRI H

o EiEEESLSHIRETEREER T

E>l

© PR B A P A Y AN B

R TRV 2 - B0 JRIBE ~ ARERILG ~ DA - DTSR ~ BORE - FTHEE
FlEsASE - MBRE SR TENHBREERZ - BIERES  BEIURE - #E
WORE ~ BRERXARWAEEERAE KA ES  EBRERTEE B > 558
JERE SRS RN - NMEETORFIRET - ARRBI B FENGE - HIREI4EEH
R TR E A H AR RE E DU - R e M2 FoR E AR o

20

wiw safetyses.ory

HAMSS

Ta jwan Association of Maritime Safety & Security



Journal of Taiwan Maritime Safety and Security Studies
Vol 3, No 6
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2.1 BIREEREA

7R &5 F8 74 (ISM) & | Warfield (1973) At # t /Y #& i 5 Bh U7 74 & - Mandal and
Deshmukh (1994) B /RESTARYARRE Ry SR HYAET T HfERE S IR i N A B8l (At R ]
YTTE > ISM REHZaEeee - RHERERIIN T8 T BV FRIG - ISM A 1 1I5%IE
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Malone (1975)f2%( ISM HYELAMEEE T T 2R 5 (element set) 7 Fij1& ¥ i i (4
(contextual relationship) - (5 {lE A\ BLEERS T REEFERY S G0RER - dEM AR RERY 1T 8
Ji%E - HEER ISM BA AT R R AATEE S » ISM HH # FI 2R oo i s AT AR
HAYRESEIN T Ravi and Shankar (2004)57. 55 ISM H{BEEFE AR T2 MRS B 5228
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BReT i a7 (reverse logistics) Ay beEfH & /F FH fé8 {4 © Hsiao and Liu (2004) & 1 % H R fE
M5 RINEmM RS sat—E ISM B30 F R & 15 KAYRS S - Bolanos et al.
(2005)50 5y ISM {EAEFEAVIE LT - dFES 8 A B TEENAINEE T2 IFE ER - NIt
M ER] ISM ABFRE SR » B S 23R A BT T EIREA - Faisal et al. (2006)#5H
ISM T fg it b > R [EI Sz R (enablen) fEIHYEZ S » o0 M A (ke 5k e e
A -

H_EACRISRD ISM EERIFEF 2k - WAE Bk — 2R A 5E TR
M FH LT 725 A R B i A I B Ty g - 2 T = 3R R AV S i B N R A B Sy
—RIME - ISM JEfFE 2 5540~ (Singh and Kant, 2008) :

A, FEHEREEMETERIRIR T

B. EEIZATfEIAY LR RMA - TSR N T4 SC G B (structural self-interaction
matrix, SSIM) > 2RI Z &A1~ Z FEIHI B el

C. % SSIM ®EHapk — Fr4EfE » FB{E 0] 4HH (reachability matrix) » 37 H i 246k
HOEIE M (transitivity) — 1A BAB SRAZMB BAC SRANE -ZRMA BAC HR

i

D. ] REE (reachability matrix)dy AT B %70 A [F @4k

E. ERN LilgahEirISMigaRasts

F. xR E AN —2mIEs o W MBI
2.2 HIR4Eps

H K 4% (Bayesian networks, BN)t7 4% f £y (= #8248 1E% (belief networks) ~ f&2 44 %
(probabilistic networks) 1A FE49 %4 (causal networks) & A 38 56 b1 Graphical Models
(GMs)fAT » 2 R E T R REHEE A A % 772 (Ben-Gal, 2007) -

Jordan (1999)Ed Stich (2004)$2%] GMs fi_E undirected edges —f&# R Fy & o] K E
%15 (Markov random fields)al 2 & a] Fe4 kg (Markov networks) » 72 48RRI DU A R EL

(Markov blanket) & B BB - £2 B oT A {[E A [E 618G 2 PRI Y E SR - M &S T RAE>
FA 4= 2 (statistical physics) Bzt B 2 (computer vision)ZE 451 -
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HIRAEEs B —1E GM &8 G - W8 &A mIJEfEER El (Directed Acyclic Graph,
DAG) » KRZERN B FZE - A\ TEE B (SR E e S BN #
HEEE LAY EGE A EE SR - N0 HAETE — AR b > AR R B e i
247 FE (joint probability distribution, JPD)( Pearl, 1988) -

DAG #2457 R El 7y - EifRfi(nodes) LA [ (directed edges) - EiRGZREER%
i HEREEAEEMELTR > ArEHARFE R EE 2 MVEFRE R AT
HfES B 2 ETRE X HEEREREL X AFRE40ET EAVAE M (Griffiths and Yuille, 2006 )
HEAER LR Ay M (qualitative) 15 > [T 1 75 BERE ST 4HER BHAY E & (quantitative)
HEAIES 7y SRR 2R & B W R 48 (Markov property) » 7145 — (& &R [FR {414
#4347 (conditional probability distribution, CPD).MEHEF AT IS EREL » S Bk eI
% &2 (discrete random variables) VB2 - H SRS AR » 7 HFEIBGELSCERERY
HE K2 HEEE - RS ENE GBS - AIlEE H BRI 25% (conditional
probability tables, CPTs) k#1515 (Ben-Gal, 2007) -

Enrique, Jose, and Ali, (1997)E:Lauritzen, Thiesson, and Spiegelhalter, (1994)z7 5 H IX,
AR R A SRR B B R TR R - IS AR 3R B. o HLER 4R > HIIB=(D ,P) »
HD FRDAG » BIF RREER SR - ZLABE G E2H - P /DAG X —E
PRI SR BC(PD) - Bl RV E R EREERE - MEHEAREARO TR » &
om By oxi HYSCERES -

n

P(X):H p(xi| )

i=1

H IR A Ay BUAIT R H R e (Bayes® theory) ZE{HIZK » HHEEmEE AR
FH i A 165 (evidence) sl HEE HoAth FfRL 7 B BLIRREAVHER - —R%H RAY H [ Adrs R
fEIEC 43 = > 401  exact ~ approximate Eil symbolic (Enrique et al., 1997) - H (& &}
FEM AR RARRNT - FRAIHSE AR P(E) » MEE BBl E WEAYFRATERL
P(EIE) > 28 H R4y HEEDEEDL > BIT 1S 2| E&ME P(E E) > stE AW TR -

P(Ei)P(E|Ei)

ZH:P(Ei)P<E|Ei>

i=1

P(E|E) =
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® FffH(Materials) © BEfES-FREEIEIE SHVE GO > W2 IR E -
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® iJg(Coating) : 'EAINEZE LB IEININRAEMELRE -
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PR TR R SE % - AR A NS TR EAE 0 EH
N =A+1
At AR RN H A 7T 2R B R AR (element connection matrix) > #5HH —IT R %
FEFEANN_ R FERE Frfs-HHavsERE - fREEAR AR E R (Boolean operation)sk>KIGM 1] ZE4E
fiHi(reachability matrix) - Eg i FyIREE - EEARTZCAT M > FR2FTR -

N#=N2=N3=N*=N"=N"=M

2 ]

sl s2 s3 s4 s5 S6 s7 s8 s9 s10 | s11 | s12 | s13 | sl4
sl 1 1 1 1 1 0 0 1 1 1 1 1 1 1
s2 1 1 1 1 1 0 0 1 1 1 1 1 1 1
s3 1 1 1 1 1 0 0 1 1 1 1 1 1 1
s4 1 1 1 1 1 0 0 1 1 1 1 1 1 1
sb 1 1 1 1 1 0 0 1 1 1 1 1 1 1
s6 1 1 1 1 1 1 1 1 1 1 1 1 1 1
s7 1 1 1 1 1 1 1 1 1 1 1 1 1 1
s8 1 1 1 1 1 0 0 1 1 1 1 1 1 1
s9 1 1 1 1 1 0 0 1 1 1 1 1 1 1
s10 1 1 1 1 1 0 0 1 1 1 1 1 1 1
s11 1 1 1 1 1 0 0 1 1 1 1 1 1 1
s12 1 1 1 1 1 0 0 1 1 1 1 1 1 1
s13 0 0 0 0 0 0 0 0 0 0 0 0 1 0
sl4 0 0 0 0 0 0 0 0 0 0 0 0 0 1

JE 4R 4SRRI FE R 2 FE el sy m] 3 55 5 (reachability  set) B 51745 & (antecedent set)
IV AC SRR TT - I & Ry ] 2 rh T R ENYY - B E&F 1 AR T2 A Er
TEZNES SfTEE R ZEEMf TR HENTT 888 1 0BT ZATEIEY T
ZES  EXEEFNZESR » HotRE R - 0% 3 A oo @it s
—EraitE E g RS ik —ERIEVEE AHERT SRR R
F—Jg e LEEEEUK B T gRIERE ] TIEATE RS TE EGMREREE
HEVK N EE - HHREEF oS E - Diehdg - B4R - K N B FEHRE SR &
[BE - &5 = EHE TR S Ak TR -
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e L ST 58 Level

Amoik

s1 s1,s2,s3,54,s5,58,59,510,s11,s |s1,s2,53,54,55,56,57,58,59, s1,s2,53,54,55,58,59, 2
12,513,514 §10,511,512 s10,511,512

2 s1,s2,s3,54,55,58,59,510,s11,5|s1,52,53,54,55,56,57,58,59, s1,s2,53,54,55,58,59, 2
12,513,514 510,511,512 s10,511,512

3 s1,s2,s3,54,s5,8,59,510,s11,s |s1,s2,53,54,55,56,57,58,59, s1,s2,53,54,55,58,59, 2
12,513,514 510,511,512 $10,511,512

sa s1,s2,s3,54,s5,$8,59,510,s11,s |s1,s2,53,54,$5,56,57,58,59,510,s |s1,s2,53,54,55,58,59, 2
12,513,514 11,512 s10,511,512

S5 s1,s2,s3,54,s5,$8,59,s10,s11,s |s1,s2,53,54,55,56,57,58,59,510,s |s1,s2,53,54,55,58,59, 2
12,513,514 11,512 s10,511,512
s1,s2,83,54,55,56,57,58,

6 |s0'510,611,512,513,514 6,57 6,57 3
s1,s2,83,54,55,56,57,58,

ST 159.510,511,512,513,514 6,57 6,57 3

S8 s1,s2,s3,54,s5,$8,59,s10,s11,s |s1,s2,53,54,85,56,57,58,59,510,s |s1,s2,53,54,55,58,59, 2
12,513,514 11,512 510,511,512

59 s1,s2,s3,54,s5,8,59,510,s11,s |s1,s2,53,54,55,56,57,58,59,510,s |s1,s2,53,54,55,58,59, 2
12,513,514 11,512 510,511,512

s10 s1,s2,s3,54,s5,8,59,510,s11,s |s1,s2,53,54,55,56,57,58,59,510,s |s1,s2,53,54,55,58,59, 2
12,513,514 11,512 510,511,512

s11 s1,s2,53,54,s5,58,59,510,s11,s |s1,s2,53,54,55,56,57,58,59,510,s |s1,s2,53,54,55,58,59, 2
12,513,514 11,512 510,s11,512

s12 s1,s2,s3,54,s5,58,59,510,s11,s |s1,s2,53,54,55,56,57,58,59,510,s |s1,52,53,54,55,58,59, 2
12,513,514 11,512 510,511,512

s1,s2,s3,54,s5,56,57,58,59,510,
s13 s13 11512513 s13 1
s1,s2,s3,54,s5,56,57,58,59,510,
sl4 sl4 11512514 sl4 1

B~ AR4ERER

PR AR AR AL BRI A S RAVEID T E R R A B A & R ERH R
MRy T ARALLIHTRE > f(Ri% Liao, Wan B Li (2008)5&FHH/RES A R AN 2828 0y

JEgRT 2z — > TERE

R it BT 2R IR (4 o R R s - (ARSI 2

T S B R T > BT R ERRE (R B AERE - n DI BIS S H R Ais 45
o DAL B 2 B SR 2R IR AT ZE B 114G H R A Es 4ot E -
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DU 2 1y = R A ps e B o2 e am o WS B R FREINVRE A IERERD - R R0 Rl 2
FIE RGN DA E AR LT RRE  fERE A T A R - BRI ERT
IR R R GRS AR F R AR % 5140 so(Route planning)522¢ s,(Material selection)
RUZRIRATIR A B B 7 R S5 A B 1 R S B it T 3R A8 5 STl o0 IR 1 e B [
TEIRRE G > B0 sa(Bts] TAZETEE) . ss(PRRH AL AT T35 &) U & LA Rl - 1B BT
B AR o BTDVEE S E DA 2 - DL s4 B syp(Pipeline installation & backfill) {3
B G RARE MR R E SR (A AR AR - R R B R PR H AT BRI A 2= 2
B 400E 3 FoR e

H A H IR RS IAS TR R T - S A BEFIEEREEEE - HIE2% Sucheta and
Prakash (2004) WA E-MEIEEIRAY H AR 2« FEBLELS sk > AHFSE (T
Direct and indirect relationships R Eliminating circular relations 2 fqfE il & B 5 & 1548
it 3 o FRPIAER AR 3 #Y ss(Background knowledge)#il ss(Side-scan) fy EL 275 % -
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RIMEBE RS w2 1% > SR EMIERN 0 B R B R85 KZifiZ si(Project
formulation)E s,(Route planning)¥f ss A2 285 S E 12 - ATLUHER Se il 3 2 [E]fy7# 2 o

55— 7 EI1EE 3 HY so(Route planning) &1 ss(Equipment testing) R fEERRER % » BLEESZE
1% 0 RO R SRR T IR B (o R TRt > ERIBLHE ss 5228 s IR IR BRROH
b o HERIVR T FE R HE M A 5 5mi% - ARV B a4 o T se(FHRBHBEALEF 7] &
B)LIEAT - FEEHE LTSS EENEERERK - [HEH A viaaE R 2L
AR > B DI AR RS AT T 2 B EERITE N > NIt SN ER ILER % - He
smAEoR Ry o T EATHRAIERE AR PR F R TR LR DT EEEAAE
EIMEA T > RIEERS se(FHRABEALZF r] B2 LTEE T AR L - (BaTHRTF
BNt S8~S13 & » 415k 4 A (BIERIIATIE H Ky S1~S13 » i H #EH it iE am sk
LAWY H RS IEAY > 48] 4 Fios -

x4 B5THT

4t A+

S8 apeiited =]

S9 BRI
S10 K #Ek B E
S11 SRR E 4R &[AE
S12 o
S13 K
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JiEt S HITEHT MRS L Cain(200LMHZE I A MR IEHER R ZRIREATR -
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B FEE BRI R B2 -

SR EIRITR 2 (stakeholden) 3 R BRI ED Y -

BERI= B R L OB IR TE BT -
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ESAEAY > AlE 5 AR o
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O SUERETIEE

O S2iGiEE [T [

v 22% [ ] N 16% p\
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O ssEEATHE :ﬁ: |
O sfmE | v t
v 30% || N 21% v
N 20% 7
O 511 AR ENE ;

O sKTHIME = O  seRiMER

e = 74% [T v 51%| I
m‘i N 26% v N 19% %
T A

¢ O soEREE

513 5471 s

D ﬁ }‘: Q 512 ﬁiﬁ& v TT% -]
7o [ | |veou | N 23% W
N 21% B |N38% =

& 5 H AL
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GBI AR A S ZSt R A IR A ST BRI 4 (F3E - FCPC18 I
TIPS B SRR B H iR 2 2RISR« 1B —4H18 WERLRARE R S I T K2R
RERIRRIRUIEAE (R 2 = ELAPE K485 A HRAIF M H R E - BERRHAIN K 28
Fel > THEDRAIILEST ISt K s iir gl - (2780 > 2012)

TAEREEL -

® SSIBEr RN HOK N MU 4 DU IR 4 A S A B oy
FEEHE

® IR vIERmE R

® FEREr fEERRERIT TR E N B R

® HIUEE: ITFERHHE -
® BhfEE BUESHERIE -

ARZEB L R AR E SRAT AT RS R A SR E R AR P TR (RS AR
HAATEIER - ML BRI S Z R0F - DUATIFERIIRIEA TG - B ER A
si(ffta ] TAZRTER) ~ s2(BE B EL ss(ffii)iE = TN T > BT DMEARIFER RS R
B E SHEE T TY ) EeREERRL R 100% > DUFEBSREMETRINTE L 0 TG
SR E By T su (BT TREETE) ~ sa(BS IR B so(Iil) e &0 - RIMR S T e m]
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