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FSA Methodology
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Fig.2.1 Flow chart of the FSA methodology (IMO 2015)
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Table 2. 1 An exmle of a risk matrix (IMO 2015).

Risk Index (RI)
[FEVERITY (S)
FREQUENCY (FI) 1 2 3 )
Minor Significant Severe Catastrophic
7 Frequent 8 9 10 11
6 i 8 9 10
5 | Reasonably probable 6 7 8 9
4 B 6 7 8
g Remote 4 5 6 7
2 8 + g 6
1 Extremely remote B 3 4 8§

2.1.2 ) A5 (FSA Step 2)

Step 2 TIi%. Step 1 THIE SHizH— RiZF 298 T U ADFEMR Y A7 fig
H&EITI. Tlebb, 23 @iTHR5HEICL ) HEMAMOBR Y X7 OER(LEIT .

ROTY A7 % 24 HiTERD ) A 7FFEIEMEL L, R‘T@ﬁﬁﬂﬁwﬁ@ A
7 B )Negligible, i))ALARP (As Low As Reasonably Practicable). iii)Intolerable, @ X4
ICY T EL0EHERT S, UAZMN i) Intolerable THh H-E51213, U R 7 K
OEABREICKLEL R D, WALARP THIHAICIE, BRSBTS
PDY) AZEBROEA LT H L LMD, LB oT, HBRAHOIIRD U A2 7 73
ALARP 7> Intolerable T % & 7l & 7= HE 1213 Step 3 LlgZMEFT 2 Z LIck 5,

213 YRIHEA TS 3 (FSA Step 3)

Step 3 TiZ, ﬁﬁm-%im%ﬂ—&zsi-J-%%:%&%m:fm%wm-r%%»%%2.&,
FSA Tik, fEBIOMED Z &% U 2 7 Hl##1FBRisk Control Measure, RCM), i 5
DEHEEY 1 2OFLE-/MEE LTHAIND RCM OESE Y 27§47
< a ¥ (Risk Control Options, RCOs) & IfEA TV 5,

2.1.4 BAXNMR (FSA Step 4)

Step 3 TERSNIFix D RCO ZHALSED Y A7 b b P FH N4 4

ET %, Ric PO KD 2,

GCAF - ACost

APLL

NCAF = ACost — ABenefit 2.2)
APLL

@.1)
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ZZ T, APLL : RCO ®#AIZ L Y HI &5 Y A 7 [fatalities/ship], ICost : RCO
@ﬁ;u:ééiﬁﬁu:z L (RCO Dffitg. FNEF A, #HEFIIESE) [US$/shipl. A
Benefit : RCO O AT L % R FAIFIZE[USS/ship] TH 5,

GCAF &, Gross CostAverting aFatality DZ £ TH Y. 1 ADOAMIAK % [hbES
L0 EBEWT B, F7-. NCAF & (X, Net Cost of Averting a Fatality ® Z & T

D, ZEHE GCAF LRILTH DN, 513 ACost 525 Benefit % 5[\ ={H T ¥ |
RCOEAIZ X W FIERF/FONDIHEDIEKRD 2R P EEKT D,

Zh o QIEEOMBREL T ChhiX, £ RCO ZRAMDRVBED LHESH
B, TDRD, TOMBEBREELIED, FSA A4 KT ATk, /v = —D4EH
L 72 33 (Norway 20000125 & L, OECD (Organisation for Economic Co-operation and
Development : &% BAZERERE) INEE DM KFO GCAF Ol S, T R UMEE -
FIROBE OMIE L LT 300 H[US$/person] ZH_-E LT\ 5, =721, FSA WA K5
A Tk, ZOBMEIZERZFIRICBE S, EEO FSA study Tid, B#LE L7k
THY R MEE NS E THDERLMINTND, TDd, BIEMS iz FSA T
(X . 400 J7 [US$/person](EC 2015), 624 Ji [US$/person] (Norway 2013). 745 5
[US$/person] (GOALDS 2012), 800 J5[US$/person] (EC 2015) & 300 J5[US$/person] - ¥

RERESFIASh BB H 5,

21.5 EBREDOT-HOENE (FSA Step 5)

Step 4 OFRERN S TBHAXHRAY ) LHESN RCO %, ReHHEL LTHA
& RCO & LT IMOIZIRET S,

22 YROUDES

JRZORBAFHELE LTI, MAVRZ LRV RO 2200305, ZI T, £

NBITDOVWTHAT L L & HIT, ENHORREZTRT,

221 @AAYRY

8N Y A 7 (Individual Risk, IR) & %, Ayb%i%i%ﬁﬂﬂﬂ% LT3, THTHEE
L'ClnZa%w%ﬁﬁ&@ﬁw:%ﬁﬁénfmé%ﬁf'aﬁtlﬂi:%o)ﬂﬁl)\{-: EEEWENH
L, THROLEGOHEEIZENIHETRTHEETH S, R OKRBE LT, ¥l
FOFMOIEER/AFE], HDW0E, JHLRLIEAICENTH DR BTE) 2
9
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e Uiz & 0E L7288 0 — E R 2 72 » O FEE$(FAR: Fatal Accident Rate) % {8 9
DHENRZ (ARMEHRETHS 2009)  HREITIE 1 EREF S OFEEEDEMR Sh,
EHFEER L 1 470 OWBLOREIFE (CGEMZ@IFHRE) M o#EL TR BN
5 (AAMEEES 2009) , FSA Tid, —BMICATESAV SR, BASCEITNICKTE
T2HEETHD (IMO 2015), IR 1FZ25ET— R, HoWIE, HEKELDO ) A2t
BICHMTHD (BAMHEHS 2009) ,

222 #H|YVRY

H%nyﬁmmmmmsm&m\%6?»~7@%ﬁﬁ%ﬁﬂ%®ﬁ@ﬁ%ﬁé
NTYLAHMPICED 7 N—TF I NI EEENRH DD, THDOBIEGEOHEE LN
M ERTIEECHS (AAHERHS 2009) . AMOZAL—FL LT, b5FEED
ZIMHEICR o TWVWAE AL, HATHITEHDTWBEALXERH L (AFREEHS

2009) , SRITIR L3R40 | fEANSLEATIZEE LRV (IMO 20135),
[22]
MACB VT, B ICL SR EER L TS SBERHS Z L b, il

MOHERZAT D ETid, a0 Y 27 23 i T % SR OFHITEETHD (H
AiEF i E 2009)

fhex ) A7 OFBIFEE L TIL, Potential Loss of Life (PLL)& F-N #R[XI(Frequency
vs. Number of fatalities diagram)®D 2 i3 &5, LLTF T, ENHIZOWTHNAT S,

2.2.2.1 Potential Loss of Life (PLL)

SR DO A £BIETHY | AOHAIT 1 £ 1 472 ) OEEROHHEL LT
KB zhd,
2.2.2.2 F-N#2E (Frequency vs. Number of fatalities diagram)

SRK%LTH.mL@ﬁﬁHUT%OTB.?@T@ﬁﬁﬁ%%&¢$&&8&
RNIFE LS 8D (AAMEEHS 2009) , TOBSERBR LSO F-N #HET
5, F-N HREIE, BEENC A GERE. folilic ARk EoBiREEEZ R - =K Th
V. ARRBOBBEERTHS,

223 @AAVRY EHER) RV DOBRE
[119]
AV AZ IR E42Y A7 OFRFED 1 DTHH PLL & OMICE, 2.3)=D

BAEH 5,
10




W2E kAR FEOSE

P&:i@ym) 2.3)
ST IRy B ISR BIEA Y X2 (R). N, : B IHET B ARIOK, P : i
VAT OMBLRIGHOETH 2,

BEEIC S 2 E, MAOEET (B BEEE, BE, %) Itk RIIRRLLE
ZHNEN, MACHFEET L AMZNRE Lo U 2 7 FEHEIZHS VT, 20N
DEEEN-FHNIFZFOMDMYFFE LR, T, MEL~OHE (B2,
M T LNG fahy@%e L7 BROBMDER~OHE) 2B/ LI LEELRV, OF
V. MDY R 7FEOSHE, P=1 THEZ EB—HHTHY, ZDOHA, PLL iX
RIZHMAD FeME R A BT L 70 5,

F72. PLL & FNMBRHOMIZIZ. 8 11TRTE 0 . FNRKOEZIEHF L TORBIER
BHEE DA PLL TH D W IHBERSH 5,

L= oT, o Y 27 Ffiosa. R & PLL & FNSREOMIZIT Fig2.2 IZmR
T XD RERMLRS 5,

PLL
(Potential Loss of Life)

PLL=2F(j)

F-N diagram IR
(Individual Risk)

Fig.2.2 Relationship between IR and SR (PLL and F-N diagram)

23 YRIERIEFE

YR EZERNKTIFHEL LTI 2255, —DEIRMHT—FITEIHETH
D, 9 —2l%Event Tree (ET)X> Fault Tree (FT)M (} Bayesian Network (BN)Z:0D U &
2ETNERVDHETHD, FRXORE 3 ETEHHEHT —FITEIHEICEY Y
R7EEERBILLTEY, BAELESETRIRIETAVERANWTY 227 0EERE(LE
EMLTWD, BB, LIKBFLEVAZETADI B, ET 2FHLTI A7 OER
(b&{T>TW5,
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JRF 1 FE R, %f?yh%@%%Uﬂﬁg%mﬁﬁéﬁzﬁﬂﬁfﬁ\Uz
ETNERVSHEICEY ) 27 EERCFTHTER—ROTHD. Zhix, 20X
SBUAT BTIINMIRREME S FHNF ERELTE LT, BT —FIcES<H
ETCIHEEEORWNY A 7EE2ES 2 LAREREDTHL LEXLNS, —. #
AR EICRT D U A 7 FHIBTIE. AR ZH S FEBRTHEELFET 7 b F
&mﬁf%&%(%ibfﬁU.ﬁﬁfﬁ?ﬂ%d(ﬁ%ﬂﬁofﬁﬁﬁW%PUx
JEE/D Z EBRFETH S,

AETIE, oD ) 27 OER(LOFEOWELR~<D,

2.3.1 Event Tree @ ZHAL\DHE

ET Mt ik, BT ) A mIc) A7 2 ER(LT 2 FETHY . TTOHHFSR
(B 20, WZE0REESE) O FERE o S, Bl R (ORIFFE TR, AMmiAK)
ELoT v VA EMET S, RIZ, PIIES0Z ISk < R0 IR & U
TR (AMBRROG/IIHER) £FRT — ¥ OT-CHRMFHIES I L 0 RES
Do FLT, YT VARBICENDEZWMITHZ LITLY, TV AHD PLL 2R D,
B%IZY T U AEO PLL OBERDD Z LICL Y, MEEH (WIHEL) @ PLL
RDD, ZhEHNGMAOESTOWHEIZOWTITW, EEEO PLL 2R, £h
LORMEMDILITXY ., HEMMDO b—2 ) 27 ERDS,

e, FEFICHUN Y A2 BREHEINA T U FIConTIE, BE LW LAEL
WY,

232 #HT—2ICEICAHE

Ux?ﬁLmeﬂﬁm%ﬁﬁéﬁEF&$m®m%®k%éS(%%Eﬁkﬁﬁ
KOBAFEER) ORCTREND, ZZTFE SIE, n 2R OSHEK, M
Z Xt o Exposure, k ZxtZHiho AmikEE 35 &, 24K EQ25HN
BROBLND, Lizi-T, YAZPLLIE, Q.6)DEY . RO AMmiEKk
¥a 5t R P o> Exposure TR L7l L LTROHNI S,

2.4)

2.5
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k
PLL=F-8§ =—
v (2.6)

] 29
RGN R o NS S BIR R O Exposure 1, HFHT—# D HROBHE

DREERTZY, M T —ZICHSE IV A BERILTHZENTESD,

233 ZHEEOFEMROSNADY RS BEORR
238 |
Miat T — 2 IS FBIC L VR B AY % Risksisics & ET AT A5

FECEORDOND VA7 % Risker E4 5L, ZRBIZIZQNAD X 5 RBERH
HEEZLND, ET i Tik, ERICISREREL TOROVLRBAEDAREEN S X
BN EH TV A EMTE DI, Risker VX Risksuansics £ W RERERD EBZ
bhd, EEL, +aRHEHT—Z BENFEITIX. Risksansics DITHKE I L 72
2habdb g5,

‘RjSkHT 2 Ri‘gk‘;'-‘aﬁ.\ﬁcr (27)
24 ) R FiE
JAZFHmE R, 23 ﬁﬁ’ﬁﬂ—‘\%ﬁiﬂi{t& DIER(LESNTZ) A7 &) A7 ik
e

LB L, €DV R OWEMERNTHILTHS, T2 TR BAY R ZITHT
DY AV FRLELHRY RAZITHT D) R 7 HFEEEL =T,

241 BAAVRSICHTIVRAIEBRE

FSA Cl¥, #[E D% 244 7 (Health and Safety Executive, HSE)IZ J2 % Sk (HSE
200DIZ 3% | Table 22 |27 ALARP fEIKOD EFRE FIREZRL T 5, 72720,
FSA HA R4 Tk, ZHATHARLHRICBES, £hEho FSA study I2HBV0 T,
Bz R L ETEOREEZAVDS LI EShTna,

Table 2. 2 Riskﬁptance criteria for IR (IMO 2015).

Lower bound for ALARP Upper bound for
region [ l/year| ALARP region [1/year]
To crew member 10 107
To passenger 10 10
To third parties, member of 10 107

public ashore

Above values to be
Target values for new ships 10 | reduced by one order of
magnitude
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242 HEYRZIIHTIVRAIHEESE

Al L7z & Dotz U R 7 R\, PLL & F-N X0 2 fEH D55, FSA IZ
BWC, U AY OFFEEET FN BEICHT 2O LMEMELRW, 22T,
FSA 1A RIA  CHABHIES R TV ARFEEEZ BB LT FN BREICHTH Y 2
O HFEILMEOTIEILE L | F. Kaneko ef al. (2015a)12 J2 - TR S 7z FN #2445
U 2 HFEEEOREHEITOVTRT,

2421 EHEUEEBLLFNBRICHTDURIHFERE
v =—% IMO 8% L= HEEMorway 2000)Tdh 5, = 2 Tid, 3Gk (B A
BRI ZERR 2 2012) 2 BB ICZ OWMEERT,

4. ALARP i FFIROMRE ., EH o FN dhifg (B FN dhig) 256 1H7
Fo LT+ 5H#HLELTWS, oF b, HMAKN FN iz RdhiE, ALARP fEikD |
FHROMEROSND, AT TiE, BN FN dhiftoRd il ~5,

RS L LT, ROZHEBE TS,
DO VA7 OBEITHBORFREIZHHT 5,
@ KEELREYOU A2 NEAREEO Y 27 Lo /E L RiThudi b,

AMRRMOI, BEBBEORKERELIZERERV A7 EZTFREL TS LEORES
ALTWD, WSO RIFIE L 7% PLL &£ i, EV[US$/(shipxyear)].
PLLa[fatalities/(shipxyear)] & 35 & | AiEGHOIFX2.8)A L LTHRATE 5,

PIL, = gﬂ EV 28)

Z Z°C., NOF: Number of occupational fatalities (for crew) or number of fatalities due to
Hnsportation (for passengers) [fatalities/year], GNP: Gross National Product (for crew) or

Contribution to GNP from transportation (for passengers) [US$/year] Téh 5,

WICHHESRM@ L 0, SEEED 10 Ficked &, T EOFEEEZRAET HHiK
DOBEEL 10 LLF TN EFAI L2, DF D, F-N HROHEEb LIREL.
QoA EMND,

F@)=FQ)i™ 29

PLL iX. F-N #i#O X EEE i TOEBEE FOOBMEZELWO T, 2.9NEFH
ALT, 1008 ih s,
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PLL, = %{i} :F(l)ii"’
i=1 i=1

ZITC, NWIEEEOREKRETH D,
IhEQHNIZATS &,

PILL,

N,

>

i=l

b
1

F(i) =

(2.10)

2.1D)

ikt srEfinfio B FN dh#t % R 5121, NOF, GNP, EV YN, 34%

BERD,

SCHk (Norway 2000) |24 % RoPax i@ ERARM) F-N fh#ic >\ T FRtlomd,

(2.8)zL0> NOF/GNP %, EWffizeigiimsiz o5 — 4 (ICAO(International Civil Avi-
ation Organization) D ftal) 4 HV YT, NOF/GNP=8.6 x10[fatalities/£] 3 1% H AL T 5,

F 4 v MRIA LD EV=16 x107 [USS$fyear] & 35 & . PLLA=0.138 B33 H 5.

SEHEBORRA N IE, BEDOE 1,900 A& L, b=1 & LizHA, AN FNHie L
T, QIEABEBLNE, ZhAhb 1 HiFoO LT 58 L LT ALARP §HIO TR

WERRT H L, Fig23 L725,

0.138
F(I) = 1.900 i_l
‘Z = 212
i=1
1.0E-02
%- | laTaRe
‘g_ !—Pa:‘.mm Toro
£ N
5 R — Fig.2.3 Risk acceptance criteria
;; R x on F-N diagram for RoPax ships
E Sy it obtained by Norway’s method,
S Lo A shown together with F-N curve for
2- RoPax ships, data from 1989-1998.
__g L m‘w (Data source: LMIS) (Norway
b [ 1] , 2000)
1 10 100 1000
Faraliies (N)
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2522 IROYAVHFEEEEZERLIZFNBRICHTH)RIHFEEE

IR @ ALARP i EFIRE FN BX Eozh b0 —815 X 512 FN K Eo
ALARP §EIR® L FIR% G ET 5 5. Kaneko ef al. 2015a) T 5, ik Chli -t
2016a) #BHIZEOWMBEEZRT,

FSA A R4 - Tid, Lif Ulc R RARMADORESE M % 5 8 L I BE LA S5 3Tk
ELTEHEITHANTEY, ZOREENAEOH~Z O FSA 2B\ T de facto standard &
LTI TS, BB L7ZL 212 IR & FNSRENCIEBEERHL -0, Thbonl
27 HREREIARTHIIRETH S, LirL, ZORFEEEZBE LEREEICL
DRD LD FNRE LDV 27 FFREHEL IR DY A 7 @R IHE L RfECiian e
WO [RE S D Z &% F. Kaneko er al. (20152)3 54 LTV 5, F. Kaneko et al
(2015a)i, T —FPHRO LN D FN BRROTLBEEEZRE L, £OEKEFR
ALT, FN##XED ALARP L FIRE R OZFhbH L& —HIES FNBRK EO
ALARP L TFIBOZEHREL LT 2 FllOREEEZREL VS, Z I T, Lvifis
BN T d % Type 1DHFIEE SV Tk 25,

Type 1| ®H{EIL, F-N #IX & ALARP LRR#RE D% GFASE) 4l (Number of
fatality) @& O THRCICTIREETH D, LUTFICZ ORFEIEICOWVTHEIZ
BT 5, FEMNIZ OV T F. Kaneko et al. (2015a)% S MR S iz,

2,3 HiTHRA/E L SICPLL i R EFMRER LD LV RDOND, Lidi>T,
IR @ ALARP FFRME TRuranp-o \ZFEMAEEL Nopa (passenger & crew OEFEH 25 2
LIk Y PLL @ ALARP ERfED RSO 5, - 2238 Tl X 3T PLL X,
F-N DA HERTOBBBEEORIMMAL bROLND, Lo T, ERlBIic
X% F-NBRRIOZIFEZELETOMBBE (FNappex (n)) OIS PLL 23RO SIS,
ZhBokhid, FN#RIK & ALARP LIRS & DOFFERITRY | ZIUT FNapn (n) % 11T
D&, FN#REE ALARP ER#E O GFASR) 2340 (Number of fatality) ¢ £
A THLRCIZ/ARS X 57 FNBEK O ALARP EIR#R FNiLge.o D3R B, FNHRIX
LEANY A2 D ALARP ERREN—ET D, ZOHF1LVREVEE. FNopn @i
ALARP fEIPIC®H D | 1 K W/INEWEE . FNape (m)id Intolerable DHEKIZH DT &
iK%, ThEATRTLE., QB)XDEIIERS., Z 2T, Nuw (IFEEBRORKKIE
Thb,
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IR N
N , appp (1) = —ARET oM FN ekl

'\Innx

2.13
Z FNﬁpr'.\' (I) ( )
i=1
FNagprs ()13, %%ﬁa)*ﬁhﬁﬁﬁﬁﬁ EaE ORI ik CCDFopprx (n) & T3¢, Zh
WU EHHEZ T A Z L TROND, 2FD, Q1AL RO LN,

FN,,,.(n) = FN,,,()-CCDF,,. (n) 2.14)
%Hz!cc:iaﬁzmﬁ#ﬁ%%m&%m%ﬁ%ﬁuc:fto'c:}sU‘ Z O FEu 2R A B
(CCDF) MARxJ|HATRIHEIND ZENMEN TS, Clauset, A. et al. (2009)i3
HAROERIRZFF >~ E RO CCDF %, Nuinld n OR/AME (113 Ny £ 0 /D E
IREEFIMA ZEIETERY) |, b0 ELT, QINROILIICTERLTWS,

b.n

CCDF (n) = &) 2.15)
s(.N,.,)

ZIZT, LI T s Y OP—2HETHY., QIO L IITEEINS,

cb.m) =3 +n) 216)

aﬂﬁﬁﬁt:-ggiiéﬁﬁt%ﬁaa CCDF & LTid, 2.153® CCDF 3R EYUTHD &
BroND, b, MIESITITEE RO KERFET 5728, CCDF TH%
DEEEBERTILERDHDEEZLNDDTHE, —OREBE LT CCDF IX
QInXo ksickEhs,

N

max

S
CCDF (n)= g1
3
i=Ngin
)" R Vo ) @1
_ =D =0
MY EY A
i=0 i=0
=] g(b’ n)_g(bﬂjvma'( i l)
é.(b‘ "lein)_ é‘(b! ‘J\rmm{ + l)

S BT, TR —MREC SO T HEMEICRRERP RIS, TORLEE
WANDBERGH D, BMEEINCY T I NV—7%/l L, TOY 7 I —7 %
ns. W7 ITN—T jOEEBOBKEE Nouwy. T8 b, £REIZEDL YT 7 N—7
JOREBOE R % rntT5 L, CCDFmmiZQ1)RD L Sz EN S,
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v
¥ g~
- f j—ﬁ,

CCDF,, (n) =Y r, =" 2.18)

aprx A

=l Z :.—JJJ
i=1

F-N #E O FRBIE, 213)RD Ripwev % Rager ANV A2 D ALARP TR
) [Tk ons,

2.5 GBS-SLA Q=

Al L7z & 912 GBS-SLA & i3finflix b3, BAMIC TV 27 ) &EHL, Wi
B2 Tl 2OMOBANZHWTH, HOBEHIHERT REEZRL L2 ERT
ICRETHILEBHBE LE GBS Th Y., IMOIZBVWTHIE, GBS-SLA O EFEE
DORFERED S TEY, £h &[RRI IMO 3555 Rid B &A% GBS-SLA Of| D
Z IMO MR EIC KD TV HIMO 2017a), BEHREHTIT GBS-SLA b {HEkA) GBS & (A
BIZ Tier I~Tier V OPE@HEE 250 Z L AREN TV B A, Tier IR Tier I DERZ
OREEEZHOVTUIAKNITIITRINTE LT, RPEANRZ W, L TERESH
2, Tier IO—flE LT FSA A A RZA4 L TEDOHND ALARP I Z VST &
WREECTH D Z &=°, Tier I O—HlE LT FSA HA FIA LV TRENDZNHE—FD
RIEEDFIAFRETH L Z EBRREINTWVH%E, GBS-SLA & FSA [ZIZBERH D Z
LRI TS,

Tier | Goals

Tier Il / Fur!chonal
requirements
Tier 11l /Verification of conformitx

7
Tier IV Rules and regulations for ships
/
/
Tier V Industry practices and standards
/

Fig.2.4 Hierarchic structure of GBS (IMO 2017a)
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2.6 FSA D% Step B Uf GBS-SLA & AR & DR

m
AL OTEH G THDHE 3 T~ 5 F & FSA D4 Step 2 TF GBS-SLA & O BfRIT
wOEY THD,

AT LD 3 WITFSA D Step 1 & Step 2 (2344 T 5, HSTF—FZ2FAL. YR
ERHT S, 2FED, Step | IZBWTAENRFETIIARL, oWiARREEHWT
WA Z EIT/eD, Step2 THEHANRE L7Z@ Y, F Kaneko ef al. (2015) O EIEC LV H L
% F-N#RK LD ALARP I T Y A 27§l & 323 2.

AFSCOF 4 Bix, FSA 0 Step 3 KUt Step 4 IZi4% 32, RCO & LT, HUHIGHE
MO ANIT o 2 FoRIKHEFES R ORE L&D i, 203 xRl &
ESY i e

AFICOH 5 TIX, GBS-SLA D Tierl & Tier 144 T A, FSAIZKIT D) A7 €
TR A7 FFEIEEFEIT GBS-SLA THHAETHLIZ EBRFRBENTVASAR
Hamann ef al. 2013)73, % O BARMZRFFHEIZ DWW TIEREE E > TWizn, Filxid,
GBS-SLA @ Tier 1%° Tier IT & L Cld, FSA step 2D U A 7 FFEHLHESD FSA step 4 DF
FX B RAEBFIRAATRE CH D L BEA B D, AR TIE%EE. oY GBSSLA @
Tier I > Tier I & LT FSA step 4 O AXZN R FIAT 5, 29, Tierl1 % M4
Wt R RIE) & LT, Tier I & LT AR EZ BT 2 ERXEHEH R O
REFHT 5,

U EOBMRERRY B L, Fig2s Eib,

~ SB3F:
Becision makers = . = "
: TSt — 5 (D < MR
el =
e DY R & 5T )
[ [ S Dackin g Tier | /é./-d.%\
L — — : . unctiona
/ Tier Il equilemer?é
Verification of
sk Conis Optorn [ Tier il colnformlry
i ) Rules and
Stepd Tier IV rejgulations for ships
Cot-Bane't Assessment |
Tier V  Industr practices and standards

FAE %?E -
[REMOERXEISHREE L [ NROBR=N S
(B9 9 D E BRI @ﬁﬁ%ﬂﬁ@%ﬁzz@%m

DOREL |

Fig.2.5 Relation between FSA, GBS-SLA and this study.
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27 B2EOFELD

FSA OFNARLFHAMN F{E5 QIEMS> GBS-SLA O IZSWTHMAT 5 & & HiZ,
FSA D% Step K& T} GBS-SLA & AWHZE & DEHRIZONW Tk, ZOHRTEAY 22
EHS Y 27 ORI OWTE L, FEMICEANY 220 ) A 7R FN
M LD Y A7 HFEREE T BT IUBERDHLILER L, £, T bR 8T
& 97 FNMREEDY R 7 FFEEOREHEIZ OV TR~ ZhiCk D iEkE
DIFEANCIELLS U A 7l & EfmTRE L 72 o 7,

20




HIE HHT—2ICEIIRERD Y R @ &

EIE BHT—2ICEIRERD ) R8T L 5T

ﬁﬁﬁm,mﬁ%mﬁﬁﬁg&&&ﬁﬂm%i#%tbt@ﬁ%&%u\ﬁ%wu
AV T IR END HS F—4# 2R L, VA7 2HET 5, £,
F. Kaneko ef al. (2015a)iZ & > CTHASE S 72 FNBRE LD Y 2 7 FEEEOREEND
RKOONDY AT BRI L > CY AV A FERT 5, ZiUc X 0 IFRERAISEE)
WYV AZGHE A ERTE5EEZOND, UEDORRLE LT, MEMD Y R 7 ITER
LTWAEIICRZEH, MMl S%OERECIIAEEZET AL, BHiTOU 2713
ALARP (23 5728, RCO DRMBBETH D Z L2mrd, (it 2016a)

31 HREEHN

23 HiTHBREY, VRAZEERTEIFELELTIE, 2255, —2Ii3fsHT
—ZICESKFETHY., b —2R Y AIETNERAVDFETH D, RETIEA
BOFEICED ) 27 DERILEITH, ERATIHIHT—213 HS T—F Th2,
HS 7—% LiX, DY A 7B TR AVWLNET—F X=X Th ¥, 100GT LA
Lo MO HFE EFH S TOMMOMIE B L iEELOBRBBINI=T —F <
—ATdhD,

M ) 22 1 EA SN 2 RERECIVERD LEX b, REEEOFEAXNS
ﬁ%mﬁﬁ?%%t&b6hé:&ﬁéwtw\%Mgvx7ugﬁ$tibﬂﬁé
LEZLHND, L,;*U)‘T\ HITOMD VA7 L)L @Ol T 272 I, &
Eﬁ%ﬁﬂ:ﬁx&%ﬁ%ﬁﬁ%%ﬁ%é EEXD%. ELT. FETIRRGF 2 EHE
U 27 fighr 2 BT 5.

HS 7 — % OMATICE D FREMD U 2 7 ZHE LIHEL LT, FELOME (T
Yuzui et al. 2014, Japan 2013, T. Yuzui ef al. 2015a, it 2014, T. Yuzui et al. 2015b) 5%
72, T. Yuzui ef al. (2014) K O Japan (2013)i%, 1,000GT LA Lo %% & RoPax fifilz
DNT, BEFEEZEL2VWGE E@EFELHBEL 1990 FLRICEE Shicfmico
WTO 2FBICOWT, HBIGRERMELBEERDHD LB LN LIEH (2L, JFEE,
B R ONEIR) DN R 2 % HS T— 4 OfATIZ L D RD TS, T. Yuzui e
al. (2015a)i%, 1,000GT LA LD —REMIZOWVT, 1990 E X Y AficE S hizfiy e
1990 fELARRICEEE S 7ot &l T, Ak L7c 4 MO 5 oM (X
P - IRFE. MRHRK - BRBIMCRE, 1T AW, WPBRICLHHEM, o) MR, i
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MO NMAKY A2 % HS T— 26RO TS, il (2014) KO'T. Yuzui er
al. 2015b)i%, LO0OGT il O —fx &M & RoPax fiflZ2U T, 1990 4 X v il s S
N e 1990 F£LIBICEGE SR L Ich T . BElREN O ML) 22 %
[HS 57— 4 Oz L W RD TN 5,

Zh 6 OWFFEOIZ X D. Konovessis et al. (2008)23% %, D. Konovessis ef al. (2008)
IS 7 —# ZfEH L. 1,000GT LAk RoPax fHZ-2\ T 1994 4E7 5 2004 4RI 54
L7Hli>W\WT PLL & F-N #EERDTWD, LaL, BiGEFELZ/E LT

STy,
UAZFHFMTCEHERI EO—DICY A HELERSH D, VAZHMOFEIEE LT,

U7 fRTO®%IT, ROBNILY AVfEE U AIFHHREEE B L, AR AT A
DY A7 OFBEMERIT S, FSA A FIA i3, BAY AL OV 27 HFEE
WD L FNBRE EDY 2 7 FREEDOREHEOFIN TSN TS, BEICEES
RFfl % D FSA IEBWVTIX, FN BRE LY 27 ML LT, MEMnoRE
MAEEBLUREEICLIYROLND U R 7 FFEILMEN de facto standard & LTl
nTWa, LinL, AV RO A7 FERHEL FN R EOY X7 PR
AR THNERMETHDITTH, ZOREECLVROLNS FN %u:m A&
AEEIEAY A7 D) A7 FREELFEE TR VWE WO BEERHELZEE R
Kaneko et al. (2015)73454# L T2 %, F Kaneko er al. (2015a)i%, Z ORBEA A RET 5
BT, FN#E EDY 27 FFREMEDORELELHRE L TWD, ARETIL, F Kaneko ef
al. (20152) IZX > TR IR EFEICL Y RDOND ) AV FEREEL AT, hit
BED U R 7 OFFEMEE R Ui,

AFIE, T Yuzui et al. (2014), Japan (2013) T8 T. Yuzui et al. (2015a) DIEFAR FIz
HLMERERETTHOTHY . 1L000GT LA EO—f%&M & RoPax fitd ARk Y 2
7 REEFEEEC HS 7205k, BIZTh D ORMEE S AR 4 ol L1 fER
ZRL, £, ROBNTZY A7 OFFEM% F. Kaneko et al. (20152) THIF iz Fik
WX WEHE LR E2 R THDTH D,
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3.2 ®RioH & RERE

3.21 A&

AWFZE Txbd & L% Table 3.1 1Z5Rd. A S0, T/hbbiERL LT
1000GT L b —f%7Zeiin & RoPax #5l2-ou T, HLEED 1990 4E L i L 1990 4ELLE
ORAT R TEBE L, Th ozt LTY A 2 it &l 4 9205 L 7=,

%ﬁﬂ%%ﬁ%@%@ﬁ1%0%;&qu%mﬁﬁﬁtﬁmﬁ\ﬁﬁwmﬁﬁm
YRZ VL ERET 2720 Thd, AR LIEE S, ol A7 EH s %
BHAEC L BigD LB O, BRIEEOM MM ST EsEFEE RO b D
ZEBZNH, IO Y A7 ITBEFICL YRR EEFEABNDS, Lo T, K
R TIEBEFEEZEICRHRIANE 3T T, BEEL N Y R 7 ifh 2 F5E Uiz filix

EZOMBLBPYFERET, O AIEATEOIAIN 2 SD—2Th 5,
F. Kaneko et al. (20150)I2 k% L, 1980 4E 5 2010 4EDMIZ 34 L /- v fin il

BT, BARELITLEDE UlcFlio MR 2E0 AmRKEOK 8 F1Z& 5
HTND, Lo T, BAKELITLFRITIREMOAMEL ) A7 OFERTHS &

EA D

RARILR FHUTHGEEFEECEENH Y . ZHUCBET 228k L LTI,
SOLAS &K% 1I-1 A H D, ZhORFTOBRANL, 2009 4EI2%% L= SOLAS &4

(SOLAS 2009) Téh s, Lo THEDKEMDY 27 L_ALERET H1-DIC
I%. SOLAS 2009 i i fisfin & JE MR 3 TY A 27 fiir 2 £ 2008 82E LW
EEZBND, LML, SOLAS 2009 BEAMANIEILER DR TOEITY R 7 fif
MEEMTHIZDICHTTHLLEFENENLEEZLND,

SOLAS 2009 (Ifitk, WEm THROI TOZREMOBEREFEE TN % S
& ERRICHERIRAOTFIETHE ) BTS2 L 2R AN L L&Eéd’btn .
1990 4E|Z3E%h & 7= SOLAS £569 (SOLAS 90) & R%netZ2H#ids - L v B
AIZ LT z(Lue, L ergl 2013) , L72235T, SOLAS 2009 i i & SOLAS 90 i
MRS D U 2 Jjﬁ\vrwﬂé LEZEZBNIhS, &> T, AW TIL, SOLAS 90
WA 1990 FELAREICEE SN TH 2 L UE LT, IR AMA 4 B IE4E
A3 1990 45 L Y Jii LA Torid 1o,
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7245, SOLAS 45 ikt At & AFFEORZEE LT 5 720, SMITA IS ARIFZE

DRI EIRD,

It B OFIEIE, THS 77— ¥ OO 52— K Th o STATCODE 2k D, —fi%
Zfn M O RoPax iy iz 233 L=,

Table 3. 1 Detail information of analyzed ships in this study.

Ship Type Passenger/Cruise ships Rgax ships
A36A2PR: passenger/ro-ro ship
(vehicles) ™
, A3TA2PC: passenger/cruise”! A36A2PT: passenger/ro-ro ship
STEICODS A37B2PS: passenger ship? (vehicles/rail) ™
A36B2PL: passenger/landing
craft”
Ship Size 1,000GT and the above
Built yeas Built before Built in or Built before Built in or af-
1990 after 1990 1990 ter 1990
Considered 19782012 1990-2012 1978-2012 1990-2012
period
*1 A vessel certificated to carry more than 12 passengers, all of whom may be accommo-

dated in cabins

*2 évessel certificated to carry more than 12 passengers, some of whom may be accom-
modated in cabins

*3 A ro-ro cargo ship with accommodation for more than 12 passengers

*4 Aro-ro cargo ship for the additional carriage of rail-vehicl%as and with accommodation
for more than 12 passengers

*5 A landing craft certificated to carry more than 12 passengers

[13]
3.2.2 wREH

BIFFETIE, HS T—H TCHEHASN WA= — RIS E | U 2 7 i 2 3
L7z, Table 3212 HS 7 —# THEASH TV DHHEE = — FOREMERT, WELFEET
[%. Table 3.2 ¢ Casualty Code TS R,

k. HS F—XiZik, Ao F ST —% Thor- v, EENRF T vh 7 b
ENTWZY | ERR & TR B L EENTOWAEHORMIED U A7 fiffTic
AT T — 2 NG EN TV A AREMRH B T2, AlRERIRY 5 — 2 D
MAPAE Lz, ZOfER, Table 3.3 TR THMEDT — & & KIFFEDMHT I LIRS LT,
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Table 3. 2 Casualty codes and their definitions (by 1HS).

Casualty

Casualty

(Catezory) Code Definition
Foundered (1) D In(‘:lud‘es ships which sank as a result of heavy weam»:-tr, springing of leaks,
breaking it two etc.. and not as a consequence of categories 2-7 or 9.
Wrecked/ Includes ships reported hard and fast for an appreciable period of time and
WS cases reported touching sea bottom. This category includes entanglement on
Stranded (2)
under water wrecks.
Striking or being struck by an external substance but not another ship or
Contact (3) Cili the sea bottom (see categories 2/4). This category includes striking drilling
rigs/platforms, regardless of whether in fixed position or in tow.
Striking or being struck by another ship, regardless of whether under way,
Collision (4) CN anchored or moored. This category does not include striking under water
wrecks.
Where the fire and/or explosion is the first event reported (except where
. P 2 first event is a hull/machinery failure leading to fire/explosion).
Fire &(;E)hplosmn EX Note: It therefore follows that casualties involving fires and/or explosions
after collisions, stranding etc., are categorized under ‘Collision’, “Stranding’.
Scavenge fires and crankcase explosions are included in this category.
After a reasonable period of time, no news having been received of a ship
issing Vessel and its fate being therefore undetermined, the ship is posted as “Missing™ at
©) MG the Corporation of Lloyd’s and is included in the Missing category on the
data base together with similar cases reported by other reliable sources.
Note: In peacetime, missing ships are considered as losses by marine perils.
“;Zi]gj::n[;am- LT This category is intended to encompass damage or other incidents occa-
P sioned to ships by hostile acts.

Hostilities (7)

Hull/ Machinery HM Includes ships lost or damaged as a result of hull/machinery damage or
aamage (8) failure which is not attributable to categories 1-7 or category 9.
Miscellaneous XX Includes ships which have been lost or damaged which, for want of suffi-

(9) cient information, or for other reasons, cannot be classified.

Table 3. 3 Details of excluded data from IHS casualty database in this study.

Exclusion or

Casualty  Fatalities and

Reason for exclusion or inclusion

Inclusion Code Missings
Exclusion D 970 This ship was a government-owned and domestic vessel.
. This casualty is not the RoPax ships but the fishing vessel
Exclusion CN 1
(MARINE ACCIDENT INVESTICATION BRANCH).
. This accident is same as the under column. It is double counts
Exclusion CN 1 o
for fatalities.
This accident is same as the above column. Fatality of this cas-
s e ehi ok ok
Inclusion CT 1 uvalty is the passenger of this ship (Number 088 DAILY

SHIPPING NEWSLETTER****). Therefore this data is in-
cluded.
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33 YRVBEE ) RAYBRMDAE

331 YROBIFHE

3311 BREOXES

B U A 7 N Tk, RERORE SOBEAME LT Shiprear—‘ﬂJ?E"J(CﬁFﬁ &
N3, Si% i F0 1 FMICHEBR L TOZMIOEL. start % B O BliasE,
end ZRBMMOKTELT D L, BEMAOKRE X MIIGDEANLRDBENE, Th
T RbbglilhoEEO 7 ) — FOFHTH S,

end

M= 35, 3.1
f=start
THS F— & BRI O Date of built” &7 Date of death date” 234351, =
B iEITAOZ )=k Y%k, 2257 Y — hOFEBOEEEGB2)RL DR

W, Th#SEHRLMERDE,

1 12
S; = EZY""’ (3.2)
I=1
3.31.2 PLL

FELEHEKLTHE, PLLIZGHRL I RDHZ LB3HKD, £, ZOEEK
MR, GHRDIFICLTRDONS, B, GHRITBWVT, aldfmRE,
2 (BN EEHE D CRIEMR SIHIET S 22 lTH D, BEEMORD GO
I8k 1 BRI,

PLL =£ (3.3)
M
2 o 2 o
Zzﬁ'(l__] Zz[xuj[_]
—2 < PLL < —2 E2)
2M 2M
3.31.3 F-N£X

T — 2RO LD NERE & m%ﬁfc@é’fﬁ& mi, N O
% ke T D E, FNSREIOHEEIONE FNwa()ZB.5)RO L ST L TROBND,
£le, FOEEXMIZGE.ORDE I IZ4 5, FHEHXHORD T OFEMIIATE 1 258
Enke,
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R m
FNuul)= 2~ 35
p ;M (3.5)
2 o 2 @
Zz.u,F_\-;,mU}[l - _J Z’z(_-\f-,ﬂ:\",,mu}+|)[_)
2) <EN, () < 2 (3.6)
2M dala 2M

3.3.2 YROUEMEAE

H5 2 BEIZSR L2 F. Kaneko ef al. (2015a)12 2 9 B &7z F-N##E Eo ALARP T
REFAY ZA7DENS L& —BEHE2 FNHRE LD ALARP EFRROZEENSHR
HHsH FN#RE ED ALARP ETRICED | VR 7 OFEEEZHRHNT L, 2B,
QRAYRD T A =5 bi 5. NuarylE, F. Kaneko et al. (2015a) & [RIERIZUT{EL B $L & T
PIRIB O3 O RAD ZRfnZ BB L 32 Fodbi HIC XV R, TRk
HREOFEX, ERERELCFED I bERERE LTINS FEO—D2THD
Davidon-Fletcher-Powell {: T 5, $7 7 —7 13l KEMELHNHER SN D, 2
DEKREMERL., VT I —TBOREEDRKRE Nuwy ERETHY . ZOfililx
RE{EHBEICE VRO END, Ruawrv & RupareL 1 FENEH 13104 L 1x10° & L,
nsix3 & Lz, Nawid, HST—F XY EWEZRD, ThEFELE,

34 YRUBFER
3.41 —BER

3411 BRAOXEFE

Fig3. 1 IZBED 7 ) — DO KE X%, Tablegicfi}%@@k% Sz, Fig3lid
Z OHEITFE L TO TR A 0% % ship Xyear B T L TV 5, Bl XX 0
D7 HIZBREXI NI MIE, TOFEITIT 0SS EFEL T2 Z LIZARY, 0.5 shipXyear
E¥z D, LMo T, HEEO BT shipXyear ThbH, ZHUL Figldd THLREET
H5B, 7B, Figd. 1l OHFNTIT, 1990 4 X Y Al S Sz i 2 B.B. 1990,
1990 4F-LAREIZEltiE ST finfifiE B.A. 1990 T/RL TV 3, ZHLEORO LB
TeHROKRFEERAVSZ L LTS, Fig 3.1 XV LT DMS,

V1990 L ATICELE ST, 1990 FELAEIZARMOEDME 2 Tz O YR T
HAHH, 1990 F A BRI 5 5,
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v

—5, 1990 4ELARR IS S fafinid, EAERINL TE 0, 2007 FLAFE, 1990

FLRRICEE SN

ARD ST 3Z L 2T D,

Table 3. 4 Size of population (Passenger/Cruise ships) [shipxyear].

Built before 1990

Built in or after 1990

10,291

4,019

400

300

200 -

Number of fleet [shipxyear]

100

—e— Passenger/Cruise(B.B.1990)
—&— Passenget/Cruise(B.A.1990)

Fig.3.1 Chronological

Passenger/Cruise

WRHO = COITUND huou:o-—mmvnnwh lee] WOENHVM{DN QDO

=00 0060 €0 6060 60 L0 L0 0 D D MBI

(atalelelelele et

QEODORROD BRODRBHBDBH% =ttt =t=t=t=t=i] 88 taba se].

year

3412 PLL -
iﬁ%ﬁﬁiﬁﬁ&;ﬂﬁ%i&a PLL K TF 95%(SHEX [H % Table 3.5 12, ypiiffiE Mm@ PLL &
9S%EMIX M A Fig3.2 12”7, Fig 3.2 121X, EOHE L., EEXMO FRR 1X

105 LD/ EVWE DR LT RN, Z0s

Fig. 3.2 & Table 3.5 L WD Z L Rbhbd

v

1990 FELARRLZ iIE ST iy
ko,

[Z Table 3.5 &M iy,

B O TIIFE T HERII R AE L T e,

changes of fleet of

ships (IHS Ships Da-

TIX CN. WS, FX KT HM TORFELCHHHIEE X

1990 4E X 0 Fifld S S - & 1990 4E LI |2 Hi S 7= #efa o PLL o 41
DL, WS & HM T 1990 ELLRIZEE S T-in o FAh &y,
95% S HER R A L= A, FX IE 1990 4ELL& I G S - b o 7 238

L,
DT/ SV,

FRLAAOHFFHC W T E L 20,
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v BHEEEOAFO PLL X, 1990 4ELLRRICEGE SN O RN E < 95%IETE
XA RS a8 THH M/ E,

v 1990 FE L W RTICENE S oo PLL X, FX, WS 23k& <, £hiZ FD, CN,
CT. HM 23%i< .

v 1990 4R LIRS HEE S 7R PLL 1, WS ARIEIZ K& <, #hiZ CN, FX,
HMBE<, ZO WSO PLLIE, 2 A% « arva)lF 4 7EOEY | toEET

RELROTVS,

Table 3. 5 Fatalities and PLL (Passenger/Cruise ships).

No. of Fatalities

o PLL (mean) PLL (lower limit) PLL (upper limit)
and Missings
[fatalitics/(ship~year)] [fatalities/(ship < vear)] [fatalities/(ship ~vear)]
[fatalities]
Built
Built
" in or Built before Built in or Built before Built in or Built before Built in or
cfore
950 after 1990 after 1990 1990 after 1990 1990 after 1990
1990
CN 13 4 1.26-10° 9.95<107 6.73=10% 271=107 2.16+107 2.55«10°
CT 3 0 2.92x10" 0.00 6.01+10° - 852107 9.18+10"
WS 61 32 5.93+10°? 7.96+107 4.53-107 545+10° 761107 112107
D 15 0 Ld6 =107 0.00 8.16+ 10" - 2.40+107 9.18x 10"
FX 100 2 9.72~10" 4.98-10" 7.91-10° 6.03-107 1.18-107 1.80 10
HM 2 2 194107 498107 235107 6.03+107 7.02107 1.80+ 10
LT 0 0.00 0.00 - - 3.58<107 9.18+ 107
MG 0 0.00 0.00 - - 3.58- 10" 9.18+10"
XX 0 0.00 0.00 - - 3.58=10" 9.18-107
Total 194 40 1.89102 9.95-10% 1.64102 711107 2.17x107? 1.36+102
1x107"
B.B.1990
o B.A.1990
_ 95%Cl
(B.B.1990)
" 95%Cl
—1x 10-2 B } e (B.A.1990)
5 1
o
el
x
=%
&
‘21 | -
= -3 |
g1x10° [ |
£
= : ;
; Fig.3.2 Comparison of
o .
1x107% PLL of Passenger/Cruise
' ships between ships built be-
I fore 1990 and ships built in

1%107° or after 1990.
CN CT WS FD FX HM LT MG XX
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3

413 F-N#&=

Fig. 3.3 (22D EFD F-N #EZ 7T, BKIZiE, 95%E#HXE 6779, Fig 3.3

L, UUFoZ dbrd,

v

v

3.

3.

n

v

SEHD FNBBIL, JEEED 10 RO TIE, 1990 FELIRRIZ S Shi-fs
RADT B 1990 F LV ARG SN E » FITiEL T D, —F, BEE
210 ALLEDOF A TlE,. 1990 LA IZ R KE S LTI J5 25 1990 4 X 0 Aifc i
EENEE YRR LICAE L TWD,

FEE ORI, 1990 4E XL 0 BTICELE XU ARRAT 58 AL 1990 4ELURR 12 i &
NAT 32 ATH Y . 1990 FELIFEICENE SN Mo F k&, 2o 1990
ELLE I EE SO B REE R OFIITI A Y » avaLT 4 T E5OFMK
Th 5,

1x1072 A -5- B.B.1990{mean)
------ B.B.1990(upper limit)
- B.B.1990(lower limit)
= —&— B.A.1990(mean)
© — B.A.1990(upper limit)
o - B.A.1990(lower limit)
=107 1
£
e |
=
2
S 1x10™
o
2 Fig.3.3 Comparison of F-
@@
% N curves of all casualties of
B 1x107 z :
o Passenger/Cruise ships be-
>
ul tween ships built before
1% 107 - 1990 and ships built in or
1 10 100 1000 10000 after 1990.
Number of fatalities
4.2 RoPax fig

421 BEREAOKES
Fig3.4 |[C4ED T ) — &, Table 3.6 ICHEDRERDOKE S &7, Fig 34 X
LLFHbhhd,
— B L FERIZ, MR TH DA, 1990 4F X Y Azl S =il 1990 %
B 5,
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Fig.3.4 Chronological changes

of fleet of RoPax ships

(IHS Ships Database).

v =i, 1990 ELIRRIC G S oA, BAERINL TR V. 2011 4ELLRE, 1990
ELUREI S SN iR D A% i o T,
Table 3. 6 Size of population (RoPax ships) [shipxyear].
Built before 1990 Built in or after 1990
36,543 10,554
2000
—+— RoPax(B.B.1990)
—¢—~ RoPax(B.A.1990)
&5 1500 -
L
>
a
£
2,
T 1000 |
=
‘5
@
L2
£
= 500
0 -
R
year
3422 PLL

SRR O R R & PLL R U 95%(E4HIX[H] % Table 3.7 (2789, H7, Fig. 3512
MR O PLL & 95%(EHXM %~ Fig. 3.51C1%. MEADOHS L. FHEXMO
TERAS 1X10° X D /hE W OEHIR L TW WD T, DA Table 3.7 # &M Eh
7=\, Fig 3.5 & Table3.7 LW KD L Wbh 5,

v 1990 ﬂzurs&:-:@i%é%ﬁaam—m CT, FX R U HM TO L HENE X TR
n. ZALUNOHESETIRIECERIIZEA L TR,

v

1990 4F & 0 BillZEE S /- fin & 1990 4E ARSI s S h 72 AR PLL O EHE
ZHRD L CT BT 1990 4ELARE I S 7 iR A& v, 272 L,
5% (B M % Ri<%&. CN, WS, FD KO FX 1% 1990 FELARRICEE Sivioi
MADF B SN EIVD, FNLSDIFEEIZ W TITE B E X 2V,

EHFEEOAFH PLL (%, 1990 4ELARICHLE SR -Mnoah & <, 95%(E1E

X% iz ETHH HnIT/hEN,
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v 1990 4E XV Eilc E S0 PLL (X, FX, FD BRUY WS 2k & <, Fhic
CN, HM, LT, CT #%i<.,

v 1990 ELIEICEE SRR PLL 1%, FX AR&E <, £ HM, CT ki<,

Table 3. 7 Fatalities and PLL (RoPax ships).

No. of Fatalities

o PLL (mean) PLL (lower limit) PLL (upper limit)
and Missings . . . ; a——— :
o [fatalities/(ship~year)] [fatalities/(ship~ year)] [ fatalities/(ship < vear)]
[fatalities]
Built
Built
" in or Built before Built in or Built before Built in or Built before Built in or
efore
550 after 1990 after 1990 1990 after 1990 1990 after 1990
1990
CN 175 0 4.79+107 0.00 4.11-10° - 555107 35010
CT 1 1 2,74+ 10 948+ 10°* 6,93 107 240107 1.52=10" 528107
WS 1,381 0 378107 0.00 3.58-107 - 3984107 3.50+ 107
FD 1.692 0 4.63-107 0.00 441102 - 486107 3.50-107
FX 2,206 44 6.04+107? 4.17+10° 579107 3034107 6.29+ 107 560107
HM 16 3 438107 284107 2.50-10" 586107 7.11=107 831107
LT 2 0 547-10° 0.00 6.63-10° - 1.98+ 10" 35010
MG ] 0 0.00 0.00 - - 101+ 10" 3.50+ 107
XX 0 0 0.00 0.00 - - 101107 3.50+ 107
Total 5473 48 1.50=10" 4.55+<10° 1.46-107" 335<10° 1.54<10" 6.03<10°
1x107"
= B.B.1980
o= o B.A.1990
H 95%Cl
(B.B.1990)
- 95%CI
—1x107% 1 (B.A.1990)
©
o ]
2 1
o
2
o
=5 -3
21x10
=
B T . .
® Fig.3.5 Comparison of
— .
o PLL of RoPax ships be-
1x107% i i
tween ships built before
1990 and ships built in or
after 1990.
1x107°

CN CT WS FD FX HM LT MG XX

3423 F-N#&E
Fig. 3.6 ([C&MHEDOGEIO FN #MZEZRT, KU, 95%EHEKM &7 T, Fig 3.6
L0, BLTFToZERbirsd,
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v SERO FNBREE, EEEICED BT, 1990 FELIR IS EE S ALy 1990 4E

LV RANCEES N L Y TICALE L TW 5,

v BEEEL ORI, 1990 FE LY AiCEE ST 988 A, 1990 fELLRRICEE

EENAANT28 ATH V. 1990 FELAREIZEE S NI T H /N &0y,

1x1072 1 =

= B.B.1990{upper limit)

B.B.1990(mean)

B.B.1990(lower limit)
B.A.1990(mean)

B.A.1980(upper limit)
B.A.1990(lower limit)

1%x107°

1x107 1

1x1075 1 3

Exceedance Frequency [1/(shipxyear)]

1x107° A

T
1 10 100

Ll
1000 10000

Number of fatalities

3.5 )R AR

3.51 —BEMH

Fig.3.6 Comparison of F-N

curves of all casualties of

RoPax ships between ships
built before 1990 and ships

built in or after 1990.

1990 4 X 0 il S Min & 1990 4FLARRIC RS S - in o 2O &3t
F—HIZ LD FN B E TSI L5 F-N #EET ALARP ﬁ?l%ﬁ#&-%ﬁ%n
Fig3.7 IZ7°7, 7. EPBBoOREbENZ% /3T A —F DfliZ Table 3.8, Table
B Fig37LY, UTOZ &bhs,

v 1990 E L W ATICEE SO F —2 bR LS FN BEIL., BEER
57 N¢> & Z AT Intolerable MFEICALE L T\ 5, 72770, TRlBEIc L3 FN
I FEE BB & ALARP fEBENICAZE LTV 5,

v 1990 4EDARRICHLE S - A FN R ALARP fEIEPIICAIE T 5,

v 1990 4E L D ETICESE K- & 1990 AELLFR I HEE XTI, 1990 45 &
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Fig.3.7 F-N curves of all casualties of Passenger/Cruise ships and the ALARP
borders (Left: built before 1990, Right: built in or after 1990).

Table 3. 8 Obtained parameters of Passenger/Cruise ships built before 1990.

Exponent (b;) Max. no. of fatalities (Npax-) Ratio (7))
Sub-group 1 1.074 11 0.442
Sub-group 2 1.067 19 0.387
Sub-group 3 1.042 1,509 0.171

Table 3. 9 Obtained parameters of Passenger/Cruise ships built before 1990.

Exponent (b)) Max. no. of fatalities (Nmaxy) Ratio (1)
Sub-group 1 1.074 11 0.442
Sub-group 2 1.067 19 0.387
Sub-group 3 1.042 1,509 0.171

3.5.2 RoPax i

1990 42 X v RS SU7oiifin & 1990 4ELARRIC RS S LT iif O 2O 53t o
F—HIZ LD FN S EAEREIC X D F-N #E &Y ALARP ETR#SBAZ N Eh
Fig.3.8 120”7, &, B RGE L S/ & /3T A — 4 OfEi% Table 3.10, Table
31117, Fig38 kv, UTFDZ LBbd,

v 1990 4F & v RS S fine FNBRKIZ, %20 ALARP LS & 0 EizficiE
LTH Y, Intolerable OfEIKIZH 5,

v 1990 A DI CHEE S - isin e PN BRI ALARP fEIE N ICATE T 5,
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Fig.3.8 F-N curves of all casualties of RoPax ships and the ALARP borders (Left:
built before 1990, Right: built in or after 1990).

Table 3. 10 Obtained parameters of RoPax ships built before 1990.

Exponent (b;) Max. no. of fatalities (Nyax) Ratio (7))
Sub-group 1 1212 4 0.474
Sub-group 2 0.962 75 0.163
Sub-group 3 0.767 1,192 0.363

Table 3. 11 Obtained parameters of Passenger/Cruise ships built before 1990.

Exponent (b;) Max. no. of fatalities (Nax) Ratio ()
Sub-group 1 -2.339 33 0.298
Sub-group 2 1.390 69 0.702
Sub-group 3 0.688 731 1.60x10°

3.6 EIE

U A7 A OFER ., WD PLL 1 95 %fEXKE & R25E6 THH LT 1990 4
PR\ s S fefin oo v/ & <L O F-N S 1990 4L Bl S - fin
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ELREHFA EL TS AREMSE W EBZ LD, REICTHIE % 92 L Tadk
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%£MLt0$t.nyﬂmwﬁ%\%maéﬁm;mmPﬁ@%L<m
Intolerable fHIkIZH 5 Z L AR &hiz, BB, RCO DRatE2 ElMT 2 LERH D, Z
2T, U AZEHOELEDORANY T I —F I U CRR LR AR, £,
F-N#1[X7% Intolerable |23 % & /R &AL fAiIC OV Tix, ZOBHEBR LI,
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Fig.3.9 t-value and 5% double sides of the difference between the F-N curve of
ships built before 1990 and that of ships built in or after 1990 (Left: Passen-
ger/Cruise, Right: RoPax).
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Fig.3.10 World map of the fatal accidents of RoPax ships built before 1990 (Top:

No. of the fatal accidents, Down: Total no. of the fatalities).
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Fig.4.1 Rayy and Ryopea (AL 2016D).
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Fig.4.2 Histogram and CDF (Cumulative Distribution Function) of PoB (Left:
Passenger/Cruise (T. Yuzui et al. 2016), Right: RoPax).
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a Ship  :FS,R—APLL, ACost—+GCAF CAFthr
L«
E 2 Abstraction
a
:F1,51,Ri— APLL1, ACosti ~GCAF+
b :F2,52,R2— APLLz, AACost2—~GCAF2
v . : Representative_ CAFthr
2 ; : value of GCAFi
£ | ShipN [ :Fn,SnRn— APLLy, ACostn—GCAFN

NOTE: F, S, R, APLL, /Cost and GCAF are frequency, severity, risk, /JPLL, |Cost and
GCAF of abstracted ship, respectively. Fi, Si, Ri, /JPLLi, /ICosti and GCAFi are frequency,
severity, risk, /IPLL, /ICost and GCAF of ship i, respectively.

Fig.4.3 Sketch of difference between previous FSA study and this study.
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— %M. RoPax fiflZ3 5 2 2 MA@, 45K, =2 MEEORILE 72
57— H% Fighs ITRT, RIZBWTZAK TR LA, ShEE LTHY,
PRORHITIZE A THRY, TR Y 7 b7 =7 R3.22 ZHWT, #
T, HEECERIL ORIl A FET L, EEE s/ hSnbod a4 MEEE L
THRIA LT,

(R proposal — Rznnu)

ACost =3.3x107 x +5.3%10° (4.4)

2009

R 22
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Fig.4.5 Data of cost increase and the approximation (Left: Passenger/Cruise,

Right: RoPax).
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4.43 RAXNDROFESE

ET @ %) 4 (Collision) D FEAEME, TN HF~T 4 > 7 O5yIETHEK
UVNum. of PoB™{3, TN ENRE L7IcERFAMITHED Bl E L TRAESED, T
[FEEDS N [ROBE . NAEO Risk O Cost 3 RD BN, GCAF & NHRDEND,
GCAFHH D 7 v —F v — h & Fig 4.6 |27,

RO BNT GCAF DREMHBBE CAFp L0 /hSITHE, HHE LT HERK
BIFEE R ~DREELTIIERANDRNE D LHESh S,

F, pi, POBOELAK (Fi , pj, PoB) DF4 |

‘ PoBi% F| FALR2009i,Rproposali D &1 & ‘

| PLLI(R2009), PLLi(Rproposal) D |

| ARiski, ACostiDEtH |

Fig.4.6 Flow chart of the calculation of GCAF.

4.5 BEXNDHEFHEOER

U A 7 Wb BHEE O ANTIET & 2 91 HH (Collision) DFEAEMBE, EHITHEL K43
I3 % UV'Num. of PoB” % &l3 & L TRAES W, YIMFRORABET HS 7—
53RO 6D PR UG BERFOYIBIEBRSMIZIE S LIREL T, SLEE R4
ST, T—HZOMNBHIMIIE 3FELF L < 1990 4E2012 8 L Uiz, &5y sRidsr
BR(EMSA 2015, R. Hamann et al. 2015) & [l SE2{ B OVy 4 R Bl IE B 404 12
1€ LIEL T, EBERE ST, ERDM TR ERIMZFM L T H
i & BT IE ML AT IS AE 9 ELEOFEE TR 2 #Z Sz vy, "Num. of PoB™/d3E
BROGARCHE D B E RAE S, 2. HARED RIF 241 ALLUF T SOLAS 2009 O
R XV/NEL BB, 242 AL EIZOWTORFE LT, BEShEEEO—HIL
LT, @ﬁi&%i%ﬁ%oa LA ST L% Fig 4TI0RT, 723, CHAEMSA 2015, R.
Hamann et al. 2015, Papanikolaou A. et al. 2012, Papanikolaou A. er al. 2013) & [AlEEIZ

Lifetime {% T=30 & L 7=,

47




B4E REVOERZEEHK R RE L IBT 5 RAXNRIME

8]
FHINEE, @4HNE@5HRD a2 bR BHEE LT,

LU k7 6 ATEER N & [l & LTHEE S GCAF e A 75 L% Fig 4.8
2, EOEBHESorh % % Table 4.1 ISR T, 7085, GCAF D KAEIL Table 4.1 I
AT Y ThDHH. Figd8 OMllOm ML, o E L. Zhkv/ha< LT
WAZ LIZEEEZNE W,

Fig. 48 & Table 4.1 # R THmn5iE Y, Kb bz GCAF IZEOE W pAi L fe - T

W5, T2 17T L 21, BOEWSAITEEE X 0 PRl TRl 2 5 8@ T
HDLEFEZLNDID, ARTIE, PIEZ FEIT T AR R 2 4 5 Z LT
D, £/, BHA ﬁ?rg Pl O BME CAFg 1Z68% 2 \CRT B RS CAF, =800 75
[US$/person] & L THEMBRFMEEMT 2 LICT D, €93 D&, Table 4.1 (2
R, —IREA O GCAF O AT CAFw X 0 /S A FEA Y . RoPax iy
D GCAF OPRABIL CAF e W REL . BHARDREL L WS FERL R0,

28, GCAF OfRFEMELE LTH aﬁu%%ﬂm L7=0 ., CAFy & LT 800 HLISD

AR L S5E, BENEDS MR DB, ZH b OO TSPV TIIRIE
PULETHDLELDIS,

400
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%‘ _%‘ 300
H 200 H
200 -
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0 0-
T T T T T 1 r T T T T T 1
o m = w o ~ o b | w w P~ @ @ o
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Fig.4.7 Histogram of random numbers following the truncated normal distribution
with 90%CI (Confidence Interval) used for the collision frequency (Left: Passen-

ger/Cruise (T. Yuzui ef al. 2016), Right: RoPax).
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Table 4. 1 Calculated GCAF [USS/person].

Passenger/Cruise RoPax
Mean 1.10x10% 1.29x107
Median 5.28x10° 1.07x107
Minimum 6.00x10* 2.34x10%
Maximum 1.02x10" 3.98x10%
Lower limut (5%) 1.71x10° 3.19x10°
Upper limit (95%) 1.49x10% 2.90%107

15000 -

10000

5000 +

T T T T T T T

= & g 8 8 e & E g
GCAF[Million US§/person] GCAF[Million USS/person]

100 -
0
1

Fig.4.8 Histogram of calculated GCAF (Left: Passenger/Cruise, Right: RoPax).

4.6 [REERRT & FRESE S RAT

FSA AN IRTG A =2 BEL, FOELCRHEESBH BT, A THDH GCAF
DAEFEMELRE, £OD, FSA T4 T4 AIMO 2015) TIRRREEM#AT & ik
E SR OEfiZRDTND, KBETHE, ANWRTA—20D5 5, PIMIFRORAEM
BEWZH B U, BEEEMRAT & RHEE SARNT 4 M L7z, RREERRNT & L i3, PR 0%
AR BE 73 B PR D SR EFI ARG RAC 5 2 DRBIC OV THRAE L . RRESE SM##r & LTI,
BHARMNDRBENEHESNDRERIZOVTRELE,

461 HRROREREHLIFMRHRICSZIEE

4.5 HiOFHETIE, PIEs (K22 ORBAEEE LT, SREME 199 F£n5
2012 2L LT MES F—4# ﬁx%ﬂt&bﬁbé{ﬁ(ﬁgmwmu\ﬂ\tﬁi = 2 TRk

(EMSA 2015, R. Hamann ef al. 2015) & [FEROEZ WS Z L L35, #honbkd
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55 T4 Table 4.2 12779, SCHA(EMSA 2015, R. Hamann et al. 2015)ClE, IHS
T EEBRT—HZLLTWHWAN, MAIMORARERT—F bWEL, Zhb
EADETHEINET —FX—ZEFH L, g% 2000 £ 5 2012 8L LT,
FAEBER RO TS, 2FD, QWM & LTk, 4.5 WiOFH X Y ITFEOM % Xt
RELTWDS, LMLARRSE, Table 42 IR & I ICHTEDH BEZMEE TR & L 42
ST 5,

Z OWREREE AT GCAF &-ﬁ-i—%t‘ﬁ%% Table 4.3 (27, 4.5 Hi& FERIC
CAF#=800 J7[USS$/person] & 4% &, —f %M, RoPax fis & HIZH X ZIEAD LD
ik & ole, IEEOMOEEBE 2xtg & Ltga, 4.5 fiCoORHli & v A%k
V2R IBREHMEIN, GCAF O THDZV A7 BAOREREL 2D, 45
EiCOFHEI L Y GCAF /N ELMEShI-LBEZBND,

Table 4. 2 Mean of collision frequency.

Fig. 4.7 ik (EMSA 2015, R. Hamann et al. 2015)
Passenger/Cruise 4.73x107 6.36x107?
RoPax 7.01x107 9.95x10?

Table 4. 3 Calculated GCAF by using cost function obtained from medium and small size

ships data [USS/person].

Passenger/Cruise RoPax
Mean 7.75%x107 9.14x10°
Median 3.94x10° 7.56x10°
Minimum 5.45%10 1.82x10°
Maximum 1.86x10" 3.38x10%
Lower limit (5%) 1.26x10° 2.25x10°
Upper limit (95%) 1.09x10¥ 2.05%107

462 RAXNDRSMOEHEShDIEE

45 iR 461 HiTlL, MREMMDENRS S LigwmEhiz, L L, EhiX GCAF
O RAED CAFyy TV ENEDEENETH 2, Thik, CAFy LD KEW
GCAF WEET D, 2F v RAMNDESEVGESLH D Z L %ﬁ%@“é@ = CARH
TlE., A EDIEN L HEINAHRN EORETHHONEHET S,

AFFETIEE T HAEORTEEEZ 10 HREE L TWARED, FRTHESH

T- —REZHs b RoPax 8 FNFH 10 HEO GCAF 1zoW T, FD9 B%D GCAF H3
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cﬁm;bkéwm&%ﬁtta%@ﬁ%%]@k44m%ﬁ;45ﬁmﬂﬁfm—ﬁ
FMRITA 37%, RoPax sldA 70%, 4.6.1 HiOFH Tld—AxZ #1340 29.7%, RoPax fi
I 459%DMERTHRAGDENBENLHESINDL EDOFER LR, 45 HTOD
RoPax i ORI EAZM L E k2 A LHIE S DR 5S0% K 0 /hE <, WV
BECRAMMENED LT A D,

Table 4. 4 Percentages that calculated GCAF is larger than CAFu, [%o).

Passenger/Cruise RoPax
Section 4.5 36.9 70.0
Section 4.6.1 297 459

47 BAROELD

SA O—fRLETNVOBZZXF IR L, 7V — b 2EITHT 5 B A2 31 %2 Rt
FTHOHEERE LI, THICEY, 1k X v it Ze 2 5 HEUOE o 3 %k 2h 5 &7l
AREE D EBZOLND,

ZOFEICHESE, REMOER KEFEE R fE Lt:&ﬂfégﬂiﬁs‘wﬁ%{ﬂﬁ%%
fiiL., ZORER, FHl%E N L7 2R K EHER R OFRIE, FHMEESE 5 Taett
DEWT LERLE, 7720, FIFWRERT—# 06K L0, B A2 RiFmoit
B Uiz =2 2 MEIBIEEMSNEVWE B X 5h 5, BAMNED T —4% OIER
UMEEMEOR V= A RO S EORETH D,
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B5HE ERAADROBRANSOREFROERREREH R
DBGEIE

AT, GBS-SLA ORERITFLS~O@H A2 BRIZ, % 4 TWTRE - E L
BRI FIEEFIR L, GBS-SLA @ Tier I %7 YV — F 20 R Ax R OR
K& LT, Tier I1 & LT Tier I iz ERXEEH R OXEFHT 5, 20,
B F OBE D B OBERXEFES R OfcilbAFER L. 7V — 2RO %t
DRERKRETHEREXEFFEH R OXE R TS,

514 HREEM

1.1 G~z X 5 IZBIfE IMO TlE, 2 BHENHERTRE L2 LUV E ERNIZ
RET S GBS-SLA LIHEND GBS O EIRFOMFELED Hh TV, IMO ¥
RF R 2 GBS-SLA O#OfEH %2 MO M EIZ RO TS (IMO 20172), L L
B, FEDMBHMY . GBS-SLA (X 2 BAIBREHEHFIIFEE T, e~ T
HAEEHANCEI L T GBS-SLA OBELAD LR LI-FB bl H2BE TH S, R
Q01DIF, VAP BEIEEFIWEZERY 27 Bi/MES AL L~ S b
HEINIBEDZEMOBOVZEL AN THLLEDZEZOLE, Frh—L I X
Y U 7 OfEHEd TR E 2RI, BAXIROBEND T v/3—T v FEOREH
WRICBE4 DR aMIEE AR TS, R Skjong ef al. (2002)iZ GBS-SLA ([Z2WTIEE
R LTnends, 4 7 —0 Hull girder OfFFEMEFEOEWZ 15 FSA O A%t
&JJ%.;‘.W’?@E%‘% GCAF R° NCAF DiEWEHEE L, EDHHEI 5 HEHS BRI ERE
TEDHIEEFELTVSD, E/-, GBSSLA DHTH 2HRIPAFEE BIZIXL T
WARWAS, IR (2010)%° Papanikolaou A. et al. (2010) TiL U A 7 OBLED b v AR E
DAL AE FEiE L TWa, JIRHNL 2010)TiX, s, SEATE S S O R,
T X DANATEEE Y 2 7 S A BB LR, FEIC X HMTEH Y 2 7 LS
W2k D CO2 PR Y A2 HEE LI st 3 4 RA1ICEE LIsino 71 7
YA 7 NCBT DERRKICOBEL BIMEBED RKELEEHL TV5,
Papanikolaou A. et al. (2010) Tid, WA OG A L, MiEH U A 7 Off/ME K URE
RO F/MEDBE QIS o —3F# 02 B NE#ELE ER L TWD, Zh b
#iZBI4 5 GBS-SLA THY ., Rk Lz X 9 ot 2Lt o BRI LT GBS-
SLA OBLA BT LGl EE DB MR Y (77 L7V,
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: TAMFETIZ. GBS-SLA OEFBFLUN~DEMAZ BRIC, TOBE AR E
L THEMMOBERXETEHR R ZHWY EiF 5, 528 Tili<2 X 5 Tier IR Tier I D
REEL LTI E L ONDD, 22T 4 BCORREEFRIHT 5728, Tier
[ %7 Y — koA ROEKR L C. Tier Il i Tier I & i 7= 9~ ZK X mifi 4%
R&ET D, LihoT, 7)) — F2E0RAMRERKE T 2 ZRXEH K R DX
OEHBEAREOHBE TS,

BB, B AETIIAARED RITK L THIFE Y R i BRI T 5 SOLAS 2009 225
DY A7 LB AOEALR % < — A RS R & F2 0 L 728, 2017 4 6 HIZBA
flE X7z MSC 98 2B\ T, G.DRED Figs 1 IZRTH LW R OB AE S
(IMO 2017b)7= 8>, FRKEHELL R 2 #E L7z SOLAS F490HR 4 11-1 25 6 MR
FHLOWRICHEEND, £oT, AETH, ZOHLVWAFS—R {2V A7 LBAD
AL ZHEE LIS RG22 Em L, 7V — b edkof i Re ke T5%
REEFEH R OXERHTHZ L LT3,

0722 (N'< 400)

Nso +0.66923 (400 < N'<1350)

E

Rysseos =40.0369 - LN (N'+89.048) + 0.579 G.1)
(1,350 < N'< 6,000)
8525 +003875- N
N'+5.000

(N'> 6,000)

1.0

— S0LAS2008
— MSC88

0.9

R-Index

0.7

06 -

T T T T 1 T T T T T T
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Fig.S.l R)_gay and ij_';'cyg.
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5.2 GBS-SLA [CHIT5 Tier| & Tier Il DEE

2.5 fili Tk~ 7= X 5 |2 GBS-SLA @ Tier 152 Tier 11 Dfi<0F O EZI AT LT
w&wﬁ\k%<%ﬁfAumP%ﬂ%f%ﬁ%&ﬁ%ﬁﬂ%ﬁﬁ%ﬁﬁ?éﬁ&m
QHEERH L L EBEZOLND, BIFZ2VTIL, GBS-SLA O ERE T Tier | O—fi &
LT ALARP 2FIHFTRETH D L EMNRBENRTHY . BFICOVTIEX. it
(2011)%° R. Skjong et al. (2002) CH X RFMAFIHA EhTns, Fio, HEITE
T2 bhd, —oik, FSA 0L 5 RETRAUNSOELRETIZAR L, B
RER O AT A5, b9 —2id, FSA LERRICEITHN G oA
EROBIEEFIMT 2HETHS, AHTE. ZhbDHBE LS VTHERD,

E%\ﬁﬁbt;ﬁtxﬁ%ﬁﬁ523%&%?%%%%%%&&%%#6%@&
(BATHRA D S0 LHEROBEROEE) 12X Y Tier I & Tier I & EL TV 5,

5.21 ALARP ZFR7 58/ EE

Tier [IR° Tier II & LT FSAD Y X7 FFREME, DX VFFERRER Y 27 O KL
LT ALARP SEID EfREZHVS Z ENRARETHH LB BINLD, 24 HiTh~z X
1T FSA HA K7 A > (IMO 2015)ITIFMEN U 2 7 OFAERLEIRINTNWD, 727
L. ZNEHLHFEONYF—FD ) A7 FEEETIIRL ., ARICBEINTHDA
MRRBRTHL2TONF—ROY 22 OEF, 2F 0 h—F L) 27 OFFEETH
HIELRREETOIRERDHD, LIo->T, ZhiE Tier I & LTRIA L, Thaiic
FTEIIC Tier IZRETDILERH D, 2FEV, TierH & LT, FlAIE, HEDY A
JIFERIE D U A 7 IR IEEE S TN ENRE L., FNLOOEFD Tier [ A
ZHNWE I Tier I DFNFNOFRIEEEBETALERL S,

LLERAGEERIC T 2 REETH DD, REREBOMERLEOBANLY
A HFREEERETILELHAS, LLRRE, Zh bz o20n ik AmiE%ko
&5&9R?%ﬁ%ﬁﬁ%§%ﬁﬁ@*i%ﬁéﬂwﬁwt%\%ﬂ%mvﬂ?%ﬁ
HEHIZOWTIE, — ORI 2XNERDH L EEZXBNS,

522 BAMMRAMEMMAIIREE (BRALEZOBNROLE)

Tier I =° Tier II @ BHEZE&MENEITHIE, %&%E@ﬂﬁ‘éﬁ@i&ﬁ%ﬁ%@mk%
P Z LICHRRTH A, HAOHRIZBERLIBNNSH S, LENR-T, et
BRBEMOWMFE2ZEE LY LU NRNEET AL EL BN, L4, mEipE
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OMEFMES OB 2 ERIVICIHE L, & RICH S h izl ~— 2 AR et
ARETDHILDBARTHLLEADLND, 7205, I (2010)%° Papanikolaou
A et al. 2010)D & 9 IZEeM, REEEROCRELRELZE2TEEL, o717
YA I BT DERERRILT DEELRIEE L TRV, Z0nlEfiR % BEL 2N
ELTREWRETHD LB HND,

523 RANMDRFMEZFATIHREE (RALEHORTHRAUISOZELERDE
§)

5.2.2 fi& RO AR EFIA T HREETHLB, BRAXV A2 L LT,
BATHAIN O OB EMA WD AP RRLIFEETH Y . fEM2011DR R, Skjong e
al. QQU)) TR ENTWAREETH S, HEBMQ0INTIZY xﬁﬁd&»ﬁ;&%ﬁﬂfﬁﬂﬂ
Bo () 1o EERZEMERIILTWSA, R. Skjong et al. (2002)TlX FSA DA
XI Rl E1%ECd 2 GCAF % ERALTWS, 2%0, YRIZBARER
Ao Ty 76 BEEetZ2Ha LTS, RIFFETIE, 4 ETOMEMRREE
FIHF 5 7=, R. Skjong et al. DEFERICY 27 EAR EBHENED TH)
2% Y GCAF H b BIER M E T 5.

53 B#EILAEE

5.3.1 #HE

GCAF O EMPRANERD LI R ROAERDD, AETEE4ZLFLMAE
fE& LTHRiEZEfAvd, ROXE LT, GREGIHRITRT 2 FllHEBE L.

c
R, (N)=1- 52
(V') aN'+b P
Rop.'z (N') = dLN(N'+e) + f (53)

GCAF O AT 4 L RO FIEEMNTRD S5, =2 MEBITfHER 3 125
Ty, FARELEBR2DbOEFMA LI,

532 BBILF&

AR T, BT A Y XA E L THBREMT A S Y A A (Genetic Algorithm,
GA)Z FlWi-, Caroll (2 & - THHZE & 17= GA driver (Carroll, David L. 1999) % A<HF4E
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BB L7z, GA OREE LT, 1 ok GEET) 8% 10,000, Z2R% 5
A 02 003, BETATY XAE LTIE—AER L& 0T,

5.3.3 Hr9BEK

Aind L7= X 912 BAIREUT GCAF O R EDf/IMETH S, R #(5.2)70(5.3)
LT L7 D GCAF %3k, ZOHREH FE/MET 5 X 5 22@b.e) id(deHDH
BEbEERD S,

534 #HI#HEH
BERXEEE R IZEETHA-H 0UE 1 UTFTHhAaZ ERHENA, Li=MR
>T, GAXNRIFIRMEL 2D,

0<R,,(N)<1 (5.4)

F/o, &£TO Num. of PoB IZEWVTY AZBINEFRO BNV, 2FEY Ry 1
Rascos KW REL RS TIWT RN EDEZDOL &, )X bHSEES LT,

R,i(N')> Ry 005 (N') (5.5)
FIZG.6ROEY , RIFEMBETH S & OFMFLHIMSEME Lz,

R,,(N+D >R, (N") (5.6)

5.3.5 REFERE
A EORBLHRETIHEDR L CHXIIRT a~f 2T A—HLLTEY, =

No % GA WOkl LTEHBELTWS, ZAL0RT A —F % 534 fiTRL
T &t B DR EGCHR AT L 2D,

a>0 and b>—-aN' and O<c<aN'+b 5.7

e>—N' and —dILN(N'+e)< f <1-dLN(N'+e) (5.8)

GG AW =T L 91 a~f Of/Mi & e KX Table 5.1 125”7 X 5 IZf%

EL, £, MR A FOEHIOBENS a b, c KR e lZ o0 TIHEEHEL, d&
O F I oW IR A CH 2 058U /e Interval 2/ T 5L E Uiz, 7B, NIk
EMOERENG 13 N EE LOIMO 1974, FHROHEAE 9,999 ALIT & L=, F£7-.
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a
H5E RANDHROWAS S ORENOERREEY R OBB/L

(@b e HDIMAEDEIC L > TR, HKIRIELMTLS2VHEbHBID, ZD

BaIiE B B DR HOPRIZ penalty 2525 L 912 L=,

Table 5. 1 Max. and Min. values of parameters in this optimization calculation.

a b [ d e f
Min. 1 -9.998 -9,998 0.01 -12 -1.0
Max. 32 9,998 9,998 10.0 9,999 1.0

5.3.6 EHEFIE

AEELRHRO 7 o —F v — L & Fig52 IORT, &, @z T7HIC GCAF 235§
BEh2h, ZOHETIIR CEAEEHEHRL TS, Ko T, AT GCAF #HEO
EHOEBERESETND, TOEKEHEML, £2D5 R OHUTH LT GCAF O
Pl A HET AN TH D, T GCAF OPREZFHET AT, &5 4 HLFEL
FEEZRNTHWDEN, RO 2 (/ADHERD, —oi, #lid Lz X 512 SOLAS 2009 @
R ORAPEH DY A7 A B AR Z R L TV DO TiEi< MSC 98 TEEE
iz R OXPLO) A7 BLEAMMBELZHELTVDE, bI—2E=a R b
BIBA 463 3 IR THEBICERE L TV 2 HTh D, TOMIZONWTIE, F4EEFEL

Th D,
START

Generating
random numbers(()

Calculation of fitness of chromosomes (Ropt]

Judgment of
- constraints
Generating
population(i)
! Calculation of
Evaluating fitness of | _| | GCAF by using @
chromosomes (Repti) 1

Calculation of fitness | | Give a penalty
(=median of GCAF) as fitness

Fig.5.2 Flow chart of optimization calculation.

57




FES5E RAANROBRL L DOREMOERREEY R OBEL

54 BELHER

541 —BEMm

GRXREHNCE S FHE b= —kERO R oXixEh G99, (5.10)
XDiEY Thd, TLEMEFRTS L, Figs3 &£7425, ZhbdOX|ZH-S<{ GCAF

DFFFERIT Table 5.2 D@V Th 5,

2,264
Rya(N)=1-— 5.9
oprl( ) 5N'+8,803 ( )
R,,,(N")=0.044LN(N'+105)+0.552 (5.10)
1.0

R-Index

— MSC98
—— Optimized R(eq.(5.9))
06 - === Optimized R(eq.(5.10))

T T T T T T T T T T T
o 1000 2000 3000 4000 5000 6000 7000 8OO0 SO000 10000

N persons on board

Fig.5.3 Optimized R (eqs. (5.9) and (5.10)) vs. Ryscos.

Table 5. 2 Calculated GCAF of Passenger/Cruise ships based on eqs. (5.9) and (5.10)

[USS/person].

Eq. (5.9 Eq. (5.10)
Mean 6.30x10° 6.29x10°
Median 4.29x10° 4.28x10°
Minimum 1.47x10° 1.16x10°
Maximum 1.16x10° 1.10x10%
Lower limit (5%) 1.38x10° 1.46x10°
Upper limit (95%) 1.78x107 1.77x107
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5.4.2 RoPax ##

RoPax i e b 2(5. 107, (5.12)AA K O Figs4 1o, £, Zheosic

#-3< GCAF Dit5iiGR % Table 5.3 IR T,

2.743

R (N)=1-—2="2 511
o (V) 6N'+9,885 B8

R, ,(N")=0073IN(N'+262)+0.316 5.12)

R-Index

— MSC98
= QOptimized R{eq.(5.11))
0.6 4 === Optimized R(eq.(5.12))
T T T T T T T T T T T
+] 1000 2000 2000 4000 S000 G000 FOOO 8000 S000 10000
N persons on board

Fig.5.4 Optimized R (eqgs. (5.11) and (5.12)) vs. Ryscos.

Table 5. 3 Calculated GCAF of RoPax ships based on (5.11) and (5.12) [USS/person].
Eq. (5.11) Eq. (5.12)
Mean 4.54%10° 2.64x106
Median 5.35x10° 5.70x10°
Minimum 6.66x10° 6.26x10°
Maximum 3.82x108 1.08x108
Lower limit (3%) 1.23x10° 1.22x10°
Upper limit (95%) 1.82x107 9.80%10°
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Collision Striking Frae Ingress Sinking speed PoB S Scenario PLL
Limited
Yes Struck Waters  Yes Yes Fast
f pi p2 p3 1-Rindex | pd N ps fp17p2*p3*(1-Rindex)*pd*N*pS
Slow
1-pd N pé fp 1*p2*p3*(1-Rindex)*(1-p4)*N*p6
No
Rindex N ] 0
No
1-p3 N 0 0
Terminal Yes Yes Fast
i-pe Pz 1-Rindex | p4 N ps fp1*(1-p2)*p3*(1-Rindex) p4*N*s5
Slow
T-pd N pé frp1%(1-p2)*p3(1-Rindex)*(1-p4)*N*p6
No
Rindex N ] 0
No
1-p3 N 0 0
Striking
1-p1 N 0 0

Fig.A2.1 Detail of ET and calculation of scenario PLL (T. Yuzui 2016).

A22 YIIRERSHEZRALTLSES

a
ERG M OMEREERE proid. % u, HE dLT2L. A2D)XNTEHEZXD

nd,

(- ] T

1
P()C)— O'-\/E exp[ 20_3
(A2.DAD x OFPAE, -co<x<too T D, L7z T, ET OFHEL O AL

SUSHERZ IERAMICHE D L L L TRAESHISGE, o broDE BB EET D,
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L L, P FEROREHE T O LEDETHY . JIEHERIZ0ND 1 FTLIRS
RN, AEBRAEL S, LED - TARIFE TR, CEREMSA 2015, R. Hamann et
al. 2015) & [AEEIZ 90%(EHH X M o L FHR T L= ES A A EH L=,

A23 YIBERSFICHES EBOREE
YT IERA AR OB DA CDF pe(0)1T. (A2.2)FTEE NS,

1 ¥ 1
CDF,,, (X)=— [ pydx = W(CDF (»)—CDF (a))

ZIZT, COFRIIXERTMORBMAMBEAETH Y, RIFFETIL., CDF(a)=0.03,
CDF(b)=0.95 T 5,

(A2.2)

(A2.2)R % CDF) O CHELT 5 L (A2.3) & 720 | Z OB & I IE L5345
IZHED x ZRDDZENTEDL, 2FD ., CDFume(x) & LT —ERELE 2 F 4 S,
CDFp) %Rk, ZOWEEERDS & CIBIERSAIZ0E D BN RET S,

CDF(y) = (CDF (b)~CDF(a))CDF,,,.(x)+CDF(a) (A23)

x=CDF™' () (A2.4)

A24 RORVSHEDTHEL hR{E

WO E T & UCTREIR 00 T 5 RHKER A % lic, 2 DSl & i
DOEMRICOVTEZ B, MLERNIL, ST A—F u, b o, BEEY | ZOMHER
BEBK polIA25)RD LS IEREND, £, ZOFKEX LhnfEX 3zhe
A2 A2 DANLRDEND (B4 2015) .

1 (n)-gF
B 2xe>.p[— ]

p(x) = 5 (A25)
c,.x 20,

- c-\'z

xi= exp{,u_‘ +-§-] (A2.6)

F=eply,) (A2.7)

LicioT, FEL PRIEDLLIL, explo,¥2)E 72 Y, FHEITL TP RELE
L72%, Elz, o, FREVIEY, TOHIIKRESRD, L2 T, FSA TBIT5EA
S REHEIZIBWT, GCAF DA ER TS & PRELERT 56 L0 A
SR BENLE OFER LD OT <D, FSA OAMIT, GENLEEORETH
B, FRITE T GCAF OYHE T  PREA M U CH A2 RFFil 2
KT 2HPENTHLEEX, FPHETRIPREZHERA L,
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(9]
A2.5 3% FAx%0RETE O RE

BRXROBE CAFwiX. —ADOABEZRS OIZHTOND EROBHEZERL,
FSA A4 KF A > (IMO 2015)Ti3 300 J5[USS$/person] AR SN T W5, ZD 300 &
WO, EIR—AYY O GDP L EHHFMEOHEHT — ¥ HEH T 2REENS
1998 DT —F ZFIH L OECD MEEOEZ RS, Th bEZBE L TRE S -
Td % Norway 2000), 727ZL, FSA #A K74 (MO 2019 Tk, ZHIiT#ies—
FITH D, FEEED FSA study TIIENEBRIEZ R L ETEDOL S REZBEALT
LEWZIEITR-STWS,

AFE & [\ UBR M FSA 2 326 L T2 EAEMSA 2015, R. Hamann et al. 2015) G,
400 H[US$/person] & 800 F[US$/person]® 2 FIEZFIA L TW5, ZhbE O,
B ZE S OMMOEET— F, KT HEEST vt AEESOMPEEITIIT 5 B
Al THH S TWD CAFthr L ARROBRZFFOHEEZRAEL. Z< 05T THAR
400 7775 & 800 5 ORI OMEAFIH X T2 & OFFERE R HIRE Sz,

& 72 SCHR(EMSA 2015, R. Hamann et al. 2015)0 %1 THF4E(Papanikolaou A. ef al. 2013)
Tld. Bk L7z FSA HA FF A4 /(IMO 2015)T 300 H & WH xS~ kLR LY

2 VT 2010 205 — & ZFIH L 745 F[US$/person] & W H EEHF TV D,
PLE X 0 ARMZEClE, ARFZED S OFELFFEEMSA 2015, R, Hamann ef al. 2015)

T 400 5 & 800 FD 2FEREDMEEFIMA L TWAD, FSAHA KT A > AMO 2015) & 7
CHET 2010 FEOT—F 2 EH LFSNTEN 745 T THHZ EEFBE L, fliH o
T2 CAF,,=800 Ji[US$/person] & i E L1z,

CAFy £ LT B0 FE WS EEZHWD ZLiX, Eh LV /hEVEZ VD L0 BA
SAFAY EVIFERICRYRT W L EFRT D05, BARNBRIL CAFur & GCAF
DEBIC L D RED . GCAF #EEDNR— R L2 58 M BHEEICAFE TR =T
— &%, BOEOMEEELAVWTHEEINT—4 Th oD, CAFn bROALORHE
F—H = HOTHEE S fEicimy 800 B AEHT 20/ @ Thd LEXD,

75




823 X FEA%

(623 R FEH

T ITIEEE 5 MTHEM LBl LH BBV T GCAF Z#HET ABICRIH L=
2 BB OFEM AT, Bk U7e & 5125 4 ZOHENE U 7= IR S AHlh F15 CFI
Lic= X FRAEE TR D, 5 4 TCHOEMN, PR, VRO < =2 A
& RO TR, ::mi%n»‘:fi’gﬂllbzx MEEECAE RO T, KA, R,
AN CHR(EMSA 2015, R, Hamann ef al. 2015, Papanikolaou A. et al. 2012, Papaniko-
laou A. et al. 2013) TEFR I N TWNDD, Zh HIFERXEFEH R OO EHTH S
EFEHTERSN TV, EFEALEEBRTER LE LIRRIZOWTR
T WISITUMS, PR, AN A KR L 3 R FEIEAE RO RIS OV TRT,

A3 XEfp, pEMK, MEROTER

a A MEBRHOEDICHWET — 2138 4 Boa A MR ER LT —2TH B,
ZNBHOFT —# 1T Table A3 VI RTEBIEOMANTET D O THID, AL, P
RN KA A Table A32 D L A I EREI TN A,

Table A3. 1 Num. of PoB of Cost increase data(EMSA 2015, R. Hamann et al. 2015, Pa-
panikolaou A. er al. 2012, Papanikolaou A. et al. 2013).

No. of No. of crew Total Ref.
passenger
EMSA
Small 316 162 478 (2015)
Medium 1,750 650 2,400 | R- Homenn
o etal 2012
Passenger/Cruise EMSA
Large 5,135 1,595 6730 | 015,
R. Hamann
Large 4,200 1,400 36001 /a1 2012
EMSA
Small 600 25 625 | 2015)
EMSA
Small 600 10 6101 7015
Medium 1,600 100 1,700 o
(2015)
RoPax R. Hamann
Medium 2,080 120 22001 ;a1 2012
EMSA
Large 3,060 220 3.280 | Sots)
R. Hamann
Large 3,300 200 3:3001 o/ a1 2012
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Table A3. 2 Definitions of Small, Medium and Large ships in Cost increase data(EMSA
2015, R. Hamann ef al. 2015, Papanikolaou A. ef al. 2012, Papanikolaou A. et al. 2013).

Small Medium Large
o 1,000<=GRT 20,000<=GRT o
Passenger/Cruise 20,000 <100.000 GRT>= 100,000
RoPax Loa<140m 140m==Loa Loa=>=200m
<200m

FOR X R IXEBMA LR L T 2% Th 573 Table A3.2 (TR0 | STk
(EMSA 2015, R. Hamann et al. 2015, Papanikolaou A. ef al. 2012, Papanikolaou A. et al
201)IFEB BT/ MM, RS, KA ER L TRV, LR~ T, KIFZET
1%, TS 7 —# 2 ¥ GRT & Num. of PoB (—fi%¥%& /i), Loa & Num. of PoB (RoPax fiH)?
BiR 2 R & Ko, & 205 Table A3.2 (/R EFEL Table A3.3 (27757 Num.
of PoB (T & 0/, A, KAMRE ER/LE LT,

Table A3. 3 Definitions of Small, Medium and Large ships in this study.

Small Medium Large
Passenger/Cruise 13<=PoB <1,052 1952“2‘;}]35; PoB>=4,052
_ B 972<=PoB _
RoPax 13<=PoB <972 phpy PoB>=1,345

Z® Num. of PoB (25 U TR RSk &EWF, BAMEEZHEE L,

& Num. of PoB (— %% ) M U8 Loa & Num. of PoB (RoPax fift) O BIf% & 7~ 4 ir =A%

NERAIDREA3DRITT T, ZOEPKXORIME 7257 — % & FigA3.l IZ5-7,
Fig A3.1ICRT & D IC—fREAMD GRT & PoB @ RMEIIKEL, BEBITE TS

EEZBIBH, Loa & PoB ® RMEIZ/NE W -, RoPax i PoB 12 X A/ «

B« RIUDEFITILHRD Loa (T X DERLEINRKBTE TWRWATENN H S & E

Abhd, ThbZWRL, 2 A FEEOFEEEZ LTS 2 L35 B%ORETHDL &

EZOILD,

PoB =0.0375 x GRT +301.99 (A3.1)
PoB =6.298x1,, +89.795 (A3.2)
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10000 + Data 5000 s Tan
___ Approximation Approximation
R*2=0.907 (R*2=0.190)
8000 - 4000 - ¢
B 6000 - S 3000
o o
s k]
: :
3 4000 - 2 2000
2000 4 1000 |
04 04
; . : - . . - - : - - : ;
0 50000 100000 150000 200000 250000 o] 50 100 150 200 250 300
GRT Loa [m]

Fig.A3.1 GRT or Loa v.s. Num. of PoB (built in or after 1990, =1,000GT, 1990-
2012, IHS Ship Database) (Left: Passenger/Cruise, Right: RoPax).

A3.2 X FE#

SCHR(EMSA 2015, R. Hamann et al. 2015, Papanikolaou A. et g/ 2012, Papanikolaou A. et
al. 2013y TIEARUAS, PR OV o B INE 2 E L TBY, ZZTiEED
T—HEMHEML, —REMBEO RoPax D Eh L/ R, PR, Ko ==
g AR T,

(A3.3)-(A3.5) T IR EFMOETRZA/ NG, PEAN. KB O = 2 B,
(A3.6)-(A3.8)3Uid RoPax v T H/Mfs, B, K02 X MEKTH D,
AL, KREMROE BTN Y 7 U =7 R3.22 ZHWT, BUBEEL, B
TR CRFER AR L. BEEHFFNNS Db OZ a2 MEEE LTHIALE,
INRIRZ DWW TIET — 2R 2 ADH TH D2, T 2 TRPRM, KA OTE%E
BEHEGEPLE LTz, Figs A32-A33 1122605 —# LBl 4051,

Figs.A3.2-A3.3 [T T & 5 /N 7 — # 13— & M. RoPax it H1Z 2 sidH
ThY a X FMEHOGEEERIENEEZ D, Ehd7T—F2IEL, =2 MK
OEFENEEZ ETFL5 2 LIS ROMETHLH EEILNS

17.9(R -R,
ACost =1.4x10° xexp[ Byropona '[m)]

33
RZ[J[J(} (A )
18.3(R ~R,
ACost =1.4x10° x exp ) (A3.4)
RZ[J[J‘J
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493(R,,. =Ry
ACost =7.5x 105 « e‘{p( ( proposal 2[]0))] (A?S)
RZ‘KJ‘.J
16.6(R .0 — Rooos)
ACost =5.5x10" xexp[ propor’ T ] (A3.6)
R20[]‘}
1.7
g R ) y _R-s 1
ACOSI=L2XIOJ><[M] (A3.7)
Rzmm
19.7(R .11 = Rags)
ACost =2.8x10° xexp[ gropeml 3009 (A3.8)
RZ[NJ‘)
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Fig.A3.2 Data of cost increase and the approximation of Passenger/Cruise ships (Top:

Small, Bottom

Left: Medium, Bottom Right: Large).
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Fig.A3.3 Data of cost increase and the approximation of RoPax ships (Top: Small, Bot-

tom Left: Medium, Bottom Right: Large).
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