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Probabilistic Safety Assessment Method of Ship
(Part 2 : A Risk Evaluation Methodology for FSA)

by Fujio Kaneko, Member Susumu Ohta, Member
Xiauxun Dai, Member Masaaki Fukumoto
Summary

Formal Safety Assessment (FSA) considered at IMO, is formal methodology for improving the transparency and
accountability of decision related to amendment to the regulations. FSA consists of PSA (Probabilistic Safety
Assessment) and cost and benefit assessment. Risk assessment is the most important and difficult part to realize
FSA. This paper introduces a methodology for risk assessment and a system for risk assessment composed of
several programs including disaster development simulation and evacuation simulation, - Furthermore, the result of
the trial application of the system, in which the effect of sprinkler systems, i.e., one of the Risk Control Options
(RCOs), on the risk due to cabin fire is estimated. Though there are many defects and problems in the system and
the methodology at present, i.e., discussed in this paper, the methodology is considered to contribute for reducing
the arbitrariness at the decision related to rule making process.
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Fig. 1 Risk Evaluation Procedure for Ships
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Fig.2 General Arrangement of the Ship for Trial
Application of the System and Methodology
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Table 2 Numbers of Passenger
ships and casualties
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83 4528 57
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85 4692 63
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2 89575 957
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Bk 92 750 1392 2142
KRBT 209 525 511 1036
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i 129 17 17 34
Z DAt 5 0 0 0
PNz 0 0 0 0
# 957 2732 2402 5134

Table 4 Disaster Types , Number of Lives Lost and
Risk(from LMIS Casualty Database)
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Fig.3
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Frequency — Number of Fatality Curves
of Disasters in Passenger Ships(from
LMIS Casualty Database)
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KBREOCEBEL I 21— MBI, MIHOR
BT, KEOEFEORFTHRREBEERTLITRL
KRDOFERE E BTV IEVFEYEZER T ALERE
L%, 2D, kKROERIZEDLET, BT &
®WHEAZEBRBEMICET TN Z e L, 25 LKA
BT BRI L PO, BUITFD 4 2BRELE,

A) KRZBRVCINIZETIET
(B) KK MVZ R kKR

(C) kKMVZ A GEKKPEZET, )
(D) & (LERERE)

fET R B KIBOMA L, REERBL TV A0 —
TEEZBBETITO) L E2WREICL, BRTEF
Y FOEOBERIZFET 5,

533 A2 MY —DER B0

KRKKEICET D Functional Event Tree DIERIC

BNWTHIX, LTFTD 183 04 Ry FEBELE,

(1) XA RIT 585 - R

2 FHLEURMABICLBMHA

8) KREERIZRIT B D XEL

(4) KEZEFTORE TR 50 K HEL

() A7V 7T LBWHk (kBEm)

(6) K MVZ D:RBEETIIT B BB E~DE B
IR TMiLo> MVZ DO BE T ~DJE5ishE5 -

(7 HARITL DA

(8) TR UMD ~DIERER; -

9) kK MVZ WITBIT 5= b DEFRBIB I &
UK SEBEER T 2> b D FEHEBYBS 1k

(10) FEAHE MVZ 2> D MVZ ~OEFKBI DB 1k

(11) FEKRKBE~DFERERS 1L

(12) FEk 3K MVZ ~DIEBERS I

(13) ZEBATE K
TERAE A X, BEARICOWTIZE XBEWAR,

AR I ) —ORAREERLTED T,

YRR AND
Db s ERp T B

Functional Event Tree {Z5-3% | L ¥ ##72 System
Event Tree Z{Es L7z, System Event Tree 2B}
BARNOEIX T2 Thol, ZI T, BBITIIEX
KERTREERLE 7 VOBEBSIZOWVWTE, H¥ED
=, “fELTEEEZRLETN3,

5.3.4 74—/ DV —OER 210

System Event Tree L4 Event % Top Event &3

57—V VY —EER LT, Figd iZfl%E57T,

Ihbo7 (28) HMvVZ~D
VY — Rt s BERASH & K
2RV CRE f AND
2175 DIz, (g ) (mmig)

T IBEEXES)
LIRS, YO
214 TH S, Fig.4 An Example of Fault Tree
5.3.5 ARBERORILOFEE 10

fiic i) 5B ks Table 5 Expression and

Value of Provability
(72, BEFIILELFE Absolutely 1
AELTWSH, Mok Certainly 0.99
b, MBETTHo TR ‘Bfostlsl; 82
. . ery_Freq i
B -REOFRLIIBET Froqaent 0.5
IZDWTRE L=, Occasional 0.1
5.3.6 HEROFE 10 ﬁ@?ﬁl Jﬁ;
_ egligible .
EZ&E%@ qj “—’i‘ ﬂll:} Impossible o

REDBX RO K KR A D
KU LY ERESREZ EOLE, 25 LEESR
Tk, ABIC L3S LRRY, EBOBED L
IWHERMEN 0 71X 1 Th3BE8bHZ, O L
EEZER LT, EREROMERIL Table 5 1279 10 Bfg
TREL, ThEhORBIZ O W THEHY 2 ERES 5
Zleo BL, A7V 27 05 5BE DM KKK DORE
RiX, XE National Fire Protection Association ®
PR DICESE %L L, BAEZDS L,
DRENZ LV FEREZHRE L2 b DX 70, KKRAR
DRJUC L Y FERMEEPE L7z b ik 29, MMoRa
ERKBERORTOBH L VRERELRELEZD
DIX 6, ZDOMIX 109 THotz,
EXEROMERICESE, £74—N E VY —D Top
Event DAAZRER, EIL, System Event Tree (2351}
DELIEORER DO EFER % Table 6 (27T, BHD
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Table 6 Branching Probabilities of System Event Tree
Area| No Event Fe=2 |Area| No Event ek
1 | kREROARBNIC X B AR ERmMER | 0.099 37 | kKT LETOHE OB 0.2
2 | kKD KB EREBIRRK 0.01 38 | kK= LT OB DEERAEE 0
ﬁ? 3 | T DERENIIFBhREL 0.01] . [739 | KSEDRIFAE —Hi T ~IEhe 0
s | BTN L 5 KRR R AR 0.92 ;3 40 | KRE L R ORME 0
= |0 B 27 MMEBIEIK 0.2872| ) [ 41 KIS DRI B — B ~JEE 0
% | 6 KRRER L AT MR 0.2872| g | 42 HE1 Y Rz & BT ~DIERE 0
o |7 |[EBCHEATE 2RECTHKBEL | 0.208| py | 43 |HHID FHEIC & 5 PEERE~OMEHE 0
- | 8 |HKBEATE 0.038| 2 | 44 | FEAKPERERDSKEEBASHRRK 0.04555
no| 9 [ KKEERBEK 0.1} = | 45 | BEBRERIE K K PERS KB DIl FIBEBRAK 0.109
iz | 10 | KR=ZEFRA 7 FEK 05| ¢ | 46 | BEER=IERIEZ 2 hPABY 0.08
& | 11 | kK= T 7 IR 0.8 & | 47 | BEER=RERHEEEED R 0.1009
3| 12 | kKEEEE A 2 MBS 1| % | 48 | FEASRPRER TR S 7 LB 1
5 |13 | kiEPHEEEER KK 091 M | 49 |k S REER TR R EE B R 0.1009
B [14 | BBE~DARF U AF 7 b 1| V [ 50 [FExomem Tmuma iR 0.04995
T 15 |2oMD_F o257 v EY 0| Z [51 | FERIPRIR FB5 KBRS Rk 0.045545
16 | kR=FEBRKA Y 1 52 | FEAk KPR T 15 K BEO@ FA B 0.6
17 | k3B B BB LR 0 53 | fth MVZ XSSP TRERIE & 2 b PASH 1
18 | TR A 7 b 1 54 | it MVZ K S P BE T JE Hl 0 e h SR R 0.1009
19 | B TERISEEE B R 0.55 55 | ftn MVZ k8 PR T 38 % B BASH SR A 0.0999
®) 20 | BAMKBHERE PASHRRK 1 56 | flt MVZ kS BEEE T By kB A R 0.04555
P 21 | BASHRHERBKRA Y 0.872 57 | fth MVZ k S5 PEIER T 5 2k BR88 A 5 BR A 0.6
g |22 B8 B /R PR 8 SR B 0 58 |t MVZ k S B b BB kB PASH SRR 0.009905
M [ 28 [FAREL S bR 0.855 59 | 1l MVZ :k S8 Bk bk Bx b5 1k 5 388 JT JBE B X 0.6
v | 24 |FEKHERBBAY 0.91] () | 60 | #i MVZ PEBSJBAHIBI 2 A 0.02
Z | 25 | gkk o8 ==BR R BRSNS A 0.05| 4 | 61 [ MVZ BBr=/EHIEREED R 0.1009
Wl 26 [ 277 FHkER 0.04| B | 62 |BB=E~DBELRE 0.1
K 27 [# MVZ ~DEEFERSLK 0.00999 | 1= | 63 | BEEXr=/AMREEMA Y 0.992
K [T28 [ #b MVZ ~DBh kB BIB 5K 0.04555 | X | 64 |PEEYE=H 6 DBERAE — JERE 0.02
B 29 [# MVZ ~DFh KB D8 BB 0.109| 3% [ 65 | WX 7 F~DEEfE 0.1
30 | PEBr =~ P K BEIASIRRK 0.0482 66 |#t& 7 FRREMAE D 0.208
31 | PEEysE~DBhKREEDBRARBK 0.6 67 |#tX 7 Wb DEEREE— LR 0.02
32 | PERy==EHIE A 2 EAS 0.028 68 | PAREE (JEHE) 0
33 | Py = A dE ) RRK 0.19 69 | kS PERERREE— i MVZ ~3EE 0.05
34 |EBICHATE AHHICTHAREL 0.36 70 | FEk S pRRE S — i MVZ ~JFE8E 0.05
(©C) | 35 |{H:AKERAESTRE 0.056 71 | B DEEASHER 0.1
36 | AIKEBEAE 0.0016 72 |BRESHE (BRHREK) 0.208

"Area" L & B DL 5.3.2 i THR_IEITHBRILTH D,
BEER 0 TH 1 THEV Event DEIL 55 TH D,
AN 7 FRENEFITOVTIE, [(260)RATY »
7 S KRR OMEER 1L LTHIET S,
5.3.7 RFEARY b~ VAR PEORERER Y
Table 6 FDA X2 MZ X DVHEREND AR VY
—TCRENBEANRY P =V RTOWTHEFTT S Z
ERBENTIRENEZD, TNLOTA—THEITO,
RFARY P —HT VR FDOHKEMRBERDT,
AR THIIE., 4 XY h I —F U RITOWT, ftT
RBEIENTHEEES I2b—Ya VY EROEHEY I =
L—3a rEFD, ARBROHPFEIBEREL IR
BL0OEIN—FT X THHH. 8.3 HiTHEMLL
IO EERERD, BREAAKL AWM ESNLD A~

Vh— U REIN—F LT,

I —FicBEL TR, SETHREREC, &4
Ry h oy AT B ARBRKORREE L HE
L. "Marginal", "Critical", "Catastrophic” ® =2 7
N—TI LT, EL, [TKRBERGZNIZET HE T
OEFMBRIRICB VT, HHLEURHEABICL
AWK KR LEBEIE. AGBRRIBVNLDLE
EZL., Mo Zr—7 ("Negligible" & FES, ) & L7,
ARy h—H VADE T N—TITONTIX, BAER
REPHFEL, RBEARV I —F VR ERELE, &
ZN—F DIRERER % Table TR T,

WAIZRD LEBEITIRE&H A X MIREL
Vb DL L THBITRIBRCBIT 23RBSV Fr—
U ADMBELEERDB L EZORIT 46 LRV, £
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NERIZOVTRTY L7 SRbIEE L EBNBED
MR ERD Tz, :

HEOED, HAKIFBHOER., kKBMOBERE N
BIkRBAREOETICOLBEE LTREA Y ho—r
VADITN—FIEIT o, FERE Table 8 IZ5RT,
RITBOTA Y MERRFIICEA THARANS LI
HEEINREW,

Table 7 Probabilities of Representative Event Sequences

TR~DEOBALETFNMELTWS D, TROME
RELELT D, TROBEHRED 0.1 m 23 LR
FXWBITTERVLOLL, 05 m! ICARBLRELE
TFTTERWHLOLEELE,
5.4.3 AR

TDEFATHE, AREBZESDZEMRERHIREZR
BEZRH> ZLRTERY, 20D, HEEHIZL-
TiX, HEZBRPCHHEWS, £k, Moz2ERET

FEARER
FRYTX B KR | Neg. |Margin.| Critic. | Catas.
KRERCET |5.43E-01/1.69E-01(2.88E-01(3.37E-05

5%‘%7535151:50
BHEOFRER, Table 8 I RL=&MHD5H, 5 BET
DEHTIXBEBTICEELZETIECERKER L2 &

K MVZ k3 e - 9.60E-01/3.63E-02{3.66E-03
B2V v 58 - 0 9.09E-01|9.15E-02| RV, AMMBROYMHFEIIETHZLEELL, 6 &
k¥ MVZ - 6.04E-01/3.61E-01[3.52E-02] B 7 Bo&izc>W\WTit, dROFEOHEIZL Y
2BRERXIR - 6.08E-01|3.54E-02|3.57E-01| — o3 ERETRBF IR,
5.3.8 BEvent B4 ¥ A1 2 7O FE#fIZ, HEOBEZIZLEY, Table 8 ® 8 T~10

ERBIY I 2l —a VEERT A, £V
MRABETEIIAIVITERETALERLBED,
KROFE, ANHOBBIEESZHRL, HANDH4E

%, 11 ~13 BOERFICHRT 2 ERBNRIE, 1%
NEN—ODHEBERRETRESRE, KKEFOBRT
BT LETHBERVOTROEREY Fig. 6 125

AR MBRBEETHETORBHERE L, D
5.4 BB I=21—ar 2500
5.4.1 kROEE g
WA B8 LT, AROEMRES Fig. 5 17 & 2000~ ,
. o Spread of Fire
FBYRE LI, $ic, BERRESL D ORMERIL % <00l
0.02 m?kJ & L7z, é
5.4.2 JBITORM ® 5 1000 -
BWEEL I 21— avOANTF—F L LT, JErs) % Smothering
VIialb—valrfBRICESE, BNSESEITRE P 5001 Hydrant
CRBRMERDBLERDD, TOLD, LB TH o Sprinkler | ,
DEHEN 1.2 m TELELER, EETBITTERW 0 500 1000 1500
bOLERELE, ¥, AV Ial—varFulss Time after Ignition [ sec ]
Ak, KR INV—BRUOHAY 2y NIV — L EBEH, Fig. 5 Rate of Heat Release of Fire
Table 8 Status and Probabilities of Representative Event Sequences
H:k K 3 D BLER R Bh 2 JBE D B 84 FEARER
7Y PITES No.| 27y v o5 |2FV 25
WHAEB | v75 | Hkie e DA | £0fh | kKB | MVZ HD L
BTh - — — — — — — 1| 5.43E-01 5.43E-01
FRTh - — — 2 | 1.62E-01 0
o #2] - -
RBL — — - 3 | 2.76E-01 0
R — — - 4 | 4.09E-03 1.02E-01
R - sk . BRI — 5 | 6.32E-03 1.58E-01
BB - 6 | 6.36E-04 1.59E-02
i Rh — — - 7| 1.72E-03 4.31E-02
Hefie B o HREh - 8 2.66E-03 6.66E-02
- SRER 2 R — 9 2.68E-04 6.70E-03
REX — — 10 | 3.44E-07 8.59E-06
R — — 11| 2.58E-03 6.45E-02
SRR - _ R% [12]| 1.89E-07 4.73E-06
E: 1
KHr |13 ] 1.55E-09 3.88E-08
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ZOEMTIR, KKERORMBIC LY —EERTEH
Lz, ROBAHICL YV EOREBII—REITIEED
0%, KRBRAOEBHRELS 2V, BTHIZHDIA
FUAE Y MR LERFHLTHWS,
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Fig. 6 Time History of Smoke Condition (No. 8 - 10)
PLEIZED, ML Ial—3a v OAANTF—Z L

RLEHBFHBERER (TRbbARRFERST V)

BELNhE, ThThORAERRICHRHIET 2RI

Table 9 D&Y TH 5,
Table 9 Grouped Disaster Event Sequences

REER FeAERER
ANV (R FV 2 SHEY (AT FEL
6,7 (A) 2.36E-03 5.90E-02
8,9, 10 (B) 2.93E-03 7.33E-02
11,12, 13 (C) 2.58E-03 6.45E-02

5.5 M Il —arW

R Iz —aryul/salvliiani 3
BOOKKREERBL T VA EZANWT, #H#EI=
—aVEEM L, FOMERE%E, Table 10 IZRT,
BB, kKKKREEBA RV =X B BLUC
B, MEES I 2l —TaORRBIIISELAE-EKLT
Wi, KEERBAR M~V AABITC O
o T A AR REERL SV A THES IV
—LarEfTol, &bk, WEELI=1—YalrT
X, REBICRAOHHEEZ 2 BECAHT. RE
¥ 3 RO CRERAREEENENRRLET
W3, BEERARERIIRE OTEBIOKRETHY, iz,
RE. REOVHEBLERNTHIH, £hdE
eFALLTCREYTFAARY I 2 Lb—Ya VR EBT
BZLITRBEN, ERLOMENRETNABRELNT
WRWOT, HBREEOBERGREE L CNHERZ
MELTEES I —Ya VY FRERNICER L,
MBEEX, SELALORENRLVARA R VIZVWDR
HE, BIUOERUSNOEEERLERRREE TS
B, VRIS UVAREDORENREIRHEZ., BIR, B
/. BT EN 1KLL, H3RMEEEREL.

IOREBICESE, MHEE A ORAMRERIT 0125, B
DRAERERIT 0875 & Lz, £, AREZBOREI B
BB T 2BAIX. REEBA RV PV —F XN A
DBAX. 15 B EHIC. THUBIOHEE 10 B(t1)IZ,
. FhUBOBS Y 206)BDIcREEE, ThE
NEAMRLY 05 L L, £fo, KKKBFEBA Vb
v—r v AR B,C OFATL, Table 10 DX H T LT, t2
VL t3 DEN 3BV HHBAIL. ERIMERE L.,
ZNEH., -0, EBE., +o 2 LT, o THEEH
AEHRSHFEHRO 3 >OEHERFESET,

5.6 UV X7 ¥4

3.1 Eio ) R 7 FMERIT, BHBERBREANLIL
ERHREE LTWAMR, Z I T, FHRBERRLEA
¥, KERAEMRY Table 4 OEEZHAVTRD, £
D%, REEBAXD F—HF U AOFRAERER, L
T, FRENOREEBA RV b =T RLEBTD
BWHES F U FOBEHY R ERDD LW FEERA
LTz, %7z, 5.5 T2k 5, FHEROEHER
BL., RERBMICEE LB I21—3a ik
HAMEEEK. BXO, 5.5 TTRLEERBORERSE

PO i ey, PRI ZHE

L7,

DY X 21k, BA, KK, ZoMmoKEORS
YRZ OMTROBLNBM, AHRICLVBEE ST
Fi, Thbb, KREERA RV by —F  ADIER
BIUKERRES IzV—Va ik REERST
VADOER., KREERS TV AT COHESI=—
vavEEBLTOY X7 0EHIZ, kKKEOI DL
BREAKOBEDHATHIDT, BRKEDOENIUSND
REOELY X7 1X, ERIETHS Table 4 DEZH
WA Z EIZ LT, 2B, BKB XK KRENRR Ui
R AERT B REIX, KRKFLHARLT,

UEXY, VAZEZUTOXTRD D,
Risk=3.79E-2+4.93E-3+ 7.94E-3(BBI Z kK K DER 53 U

A7) +RBEXKOESY Y A7 OHEEME
BT, BERKOEHS Y A7 ZRD B,
Table 4 L V. KkKKERAEREIX, UTOLHITR

%5,

d 223 .

Y S(sy(F1s)=——=——=2.49E — 3 (1/(Ship Year))
o 89575

I THREREHIZEWT, BEARBAKERIC
EDREEEERT S, TR, BEAKX, A
smABUSNADKK LT B, LMISHEEET —FICkd L,
1978 EH> 5 1995 4EE T0 18 FEMICFHA L7 M 8K
100 FrUEOBMICBWTARKESL AR L FHR
223 DS H 101 HHHMEEAKTH D7D, FBEK
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Table 10 Results of Trial Application of the System and Methodology

(R REER | ReER | 7] 7R | KK [ HRE| AR | RRE| B0 | BRE | Bk T | ek T | NenH] BHUR | AR

ERISFIASFIAS| ) BRE | BR ) FEE | BER, BEE | R EE | OFRE|VIRE| KB |SGRTVAHQRTY

Ay ERERQR (ERERAT | B BEE | B8 ] =i REE(ATY FEEQRTY 38 F4E)

=175 YRR | B BERR Fd BB vh38|) | VIR

FyA i i pl]
5] fEi2) £(¢%)]

70 | 0.6 | 2.36E-05:590E-04] 0 | 0.00E+00! 0.00E+00,

10 05 70 1 130 | 068 [1.00E-04:251E-03] 0 | 0.00E+00] 0.00E+00]

A {1.25E-01 160 | 0.16 | 2.36E-05{5.90E-04] 0 | 0.00E+00] 0.00E+00

120 | 0.16 | 120 1 |236E-05}590E-04] 3 | 7.07E-05! 1.77E-03

20 05 | 180 | 068 | 180 1 1.00E-04 { 251E-03] 7 | 7.02E-04! 1.75E-02

A | 236E-03 | 590E-02 210 | 016 | 210 1 ]236E-05:590E-04] 7 | 1.65E-04} 4.13E-03

70 | 016 |1.65E-041i4.135-03] 0 | 0.00E+00! 0.00E+00)

10 05 | 70 1 130 | 068 [7.02E-04:1.75E-02] 0 | 0.00E+00! 0.00E+00

B |8.75E-01 160 | 0.16 [ 1.65E-04{4.13E-03] 0 | 0.00E+00{ 0.00E+00

120 | 0.16 | 120 1 1.65E-0414.13E-03] 9 | 1.49E-03! 3.72E-02

20 05 | 180 | 068 | 180 1 7.02E-04: 1.75E-02] 26 | 1.82E-02; 4.56E-01

210 | 0.16 | 210 i 1.65E-04 | 413E-03] 26 | 4.29E-03] 1.07E-01

120 | 0.16 | 120 1 9.92E-05! 248E-03] 3 | 298E-04! 7.44E-03

20 09 | 180 | 068 | 180 1 1422E-0411.05E-02] 11 | 4.64E-03{ 1.16E-01

A 11.25E-01 210 | 016 | 210 1 9.92F-05: 248E-03] 15 | 1.49E-03: 3.72E-02

120 | 005 [ 120 1 120 1 344E-05!861E-04] 4 | 1.38E-04] 3.45E-03

180 | 0.04 | 180 1 180 1 |276E-0516.89E-04] 12 | 3.31E-04} 8.27E-03

B,.C| 551E-03 | 1.38E-01 210 | 0.01 | 210 1 210 1 |6.89E-0611.72E-04] 16 | 1.10E-04} 2.76E-03

120 | 0.16 | 120 1 | 656E-04!1.64E-02] 10 | 656E-03! 1.64E-01

20 | 085 | 180 | 068 | 180 1 J279E-03:697E-02] 27 | 753E-02} 1.88E+00

B |8.75E-01 210 | 0.16 | 210 1 |656E-041164E-02] 30 | 1.97E-02] 4.92E-01

120 { 01 [ 120 1 120 1 J482E-041121E-02] 12 | 5.79E-03] 1.45E-01

180 | 003 | 180 1 180 1 145E-04 | 362E-03] 29 | 4.20E-03} 1.05E-01

210 | 002 | 210 1 210 i 964E-051241E-03] 32 | 3.09E-03} 7.72E-02

1.47E-01! 3.66E+00)

RKOFBERIEE 54.7% LT 5, Table 10 iX, FEXHK
DHDEYV R 7 DHEEZRELTNS,

SHIE, ARTEBLEBERKOALA R IV Y —
fENT Tk, BWERLERICANR TS, LMIS #
B — 2RV ET T 2Ty ROAREER TS
ZeEERLRTNE RO, LERST, LMIS
WBEHT—F ICRERSNLARVBWEL L REL 5 0E
Bdd, TOBEE, TITEBELEARVEY Y —
FEATICE D, 0543 L35, ZOfHIX, Table 8 DA~
VR —H U A Nol DEEBERTH B,

PEXy, VRZ71k, TROMIROBND,

1.47E -1
Risk =5.07E -2+ 249 E —-3x0.547 x;x 77
1-0.543 3.66E0

507E-2+4.38E-4) [511E-2)

={imE—2+UEE—2}={&ME—2}
ZORT, LERRRXFYV V25K, TRIIXT7V
IFEDPATH Y, B A/AShip: Year) TH 3,
Table 10 LV, X7V 251tk BRAKOES
YRZ1X 25 fFIEE/NEL RN, hoRFIZL B4
VA BRERBEEEZ 5D B0, RESEKCHT S
ATV 270V RT7ERBDRIX, RSV I FTED
BEICHATH 20%0B8FICEES-TNS, 2, Z
DffiX, Table 4 ®» LMIS BT — X 5RO LK
YAZ XY 6.80E-8 IEi}/h&<2h, 10%BREDKE
LB, LaL, REFICE, KRBAERFTOE(L,
R AR KIBICBNERAEOEX B D RERE,

DTV A RHFIcFbh THRVWED 6 ETH
EHLTVOIMERD Y, AFTIZK 5 ) X7 FHEE
IEERRICT 2 5 b DTk,

6. ER

TZCHRELEY R FOFERITE T 3RS
NERERMEIX. UTRFT2RTH S,
(DREBEER ST ) F OB OHIR

3.2 HiCTHRAMNLWELERL, 5.3 BICEEEXHT
IHIZRATZEY, VRAIZEMORITITBITAA R
kN DfEHF THX Large Event Tree - Small Fault Tree £
FNERND, BT _EFEOERBRR LD
Ly, Bo, Z0B0OER (KEERV T A0S
N—Tk) OFEIRBH LT X2, ZThix, %
FEREST ) AOBROARENREREOMIZ, I
L—va &5, FEEHEMCHEBRTILNER
BB, BETOEREEET 212X, BT <&4%
HoBERERIZRZZ L CERTZMETLDY., A
RNV LV HEREOIRTERELTH, &
ARy FORAEBBEZIATIZRETRENE WS BE
BRD, 20T ehb, KEERLTFIAOIN—T
LOFBEOEERIZB LN THY, BEHRETTH S,
(2) ¥YIab—varFulSrORE

CFD £ THHEDATH D, EROMELHERET
HHER TS 7 A%, EBEORK LB LU THRIEL
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RiIFNER bRy, KR THEELZERSS I
—Tar7ul 7 ARBRENRTMERLELOEY
A2 A X LELDOTHD, BEMAFICLEZ T 0 s
SAIBED B TEENHEAEINATVWELOTD

D, AGBTHIBRERIESN TS L AT LR
TELY, LELARXL, BELER >0
(BEYICHE L TEROBARY, ERIAVMEA
TW3%) BHD, REDZHIZIK, EHRKOERN
WETHASD,

Fir, RBTEHER Lo R, Bk Ial—
varvruZI AIMMOBKILROBROKRE (1]
DITAEICEL A0 LEEARIET 3 L HEMTIE—
EITRY, ThREREICAs L AWICHEE 2L TER
BT T %) 2RIKRBAL TS O, HARRSE
CXBRERNETH B,
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