OFX(safety)O |2t

S ki)
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Z 2 st ot wHo| Sl 3 A|ZERAES| Wl w2}
Adrx=0f Chst @77 ASKe=Z

2ISHK| k2

1.ME

Z&(offshore platform) S i
2kd 3ol FMMol dEk2

At(accidents)2] gz
HE] XFp22 Aef(freedom from danger) 2 Ho|=ICt sH2F
NI g L=l A oS

o] eI, ALk

ok

(MARPOL) & & ¥l H2ks 310 O|F0iM it 1
Lt ASEls Hrel Myn Zsjols 27k s =
&Mooz e 1 st cfgsl=/n ek olof w2}
o 7|Ze| HuiHol| et ShAle| X|Znt gy,
calculation/simulation) 0] 1 &A1& (systematic) Ol
H(life-cycle/integrated) 0| f2|&(rational) 2! &=
ol R:rLEI_T’_ At (F 1 EX).
& JoM= Mut 2 EIRfA[ARIS] M| M 27 =

£ NS BEP| 23t M2 HaYHEoRM 9l
k

I8k g2 8l 0|5 J|E2 $F Meto] oMM (Design
= | 5 5 | = ‘ol= o . .
SHi=l1l 2o, o= elet Atuel fiz S7tekl RIct. for Safety), S ‘Y& MelFIMA (risk—based ship design
XS] i 2kAliiel ofgks 28t =32 IA[6HAR |7HIMO) for safety)oll CHEH 7| 27Hdn X 2ukol tislod 2705t
S SHOZ dlle AYIYASOLAS) 2t SHLLH SRR oC}.
H1 17|&=0| Sk
T2 27X siat Erale el
af{cie o & 2IF(Rule-based) o =E X|&E(Goal-Setting)
Q14 o Z|(Compulsory) o oK 23K Safety-Culture)
psEs o TEH(FLTFEN) o SEA(FH &)
ME MAMISHAL o &tof A gk (21, i 2y HH)
o O(ODO
5 - o ZHH/7|E (IH EF)
o ZX{(Reactive) o &=X(Proactive)
o THHA(Prescriptive) o =E X[ (Goal Setting)
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P (8| =A! Disciplinary—Oriented) (Integrated / Multi-disciplinary)
7174 5|32 (Irrati 313 |X(Rati
=o=x] o H|&kE|H(Irational) o 32| (Rational)
e (FRiH, 555, YHE) (Bfehe, b|g-73} 2A)
o St=R0{ F4l(Hardware Focus) o A|AE| 940 8
(Balance of System Elements)
o E7|ZKShort Term) o $YHZF7|(Life—cycle)
ZX(Deterministic) o ESX(Risk—Based)
J|1=EM o Af2F ZAl(Conformance—based) o A& 718k (Performance—Based)
ZEX (Experimental) o AlE2{olMd 7|EKSimulation-Based)
TEEe o 7Hel, 71 o ME =HM7|T
Ao & Eht
=} o MAM ShA o B AMAo| IMAM Ust
o IHALElolMC] A 25t
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2. Y=gt HHE

(Risk—Based Approaches)

olzfet AIRE ofgsh| lsiMe 2oz LEKH 3
siZe Zdo] of2t ZEX2Z LA |oRlE =HIE sl

of sict

PIET 7|H SHER O SO YR FHE, MFstet o
A0 oM "ot 3l 22| E QIS FHeZ ARBEo2
gHEo 2 o= oFMEM & Tojzl HE =2 7|
oA &9 clekst ZoollM ARBED UCt 07| FE
(risk) 2t 21X k2 Afde| WAIISA (frequency) ot Zxte|
AlZHM(consequence or severity)e] 222 EsiElE X|EZ
M oM HILE 9ISt 7280l @4o|ct

e 7|Ht SHER SHEEN 2YHY T P |- (Probabilistic

Risk Assessment)S 7|Z2 st1 QT &, CHA|ARIS| 2
S0l M 2 TESSE AlDe| IRIQAE AlMESIT 0|28
B == AIS| fiEe ZAstE 28 AelIAel $EE
{9|op7| 2[5t FEtezM, J|ES| AEM H0[HE 7|=

b SF2X0|(deterministic) HAIS2| SHAIE 223D Al
HA/AlS201E S Sl 7

MEZHLO|Lt AARDT s 2oF & 2 of{2t MLt 7
| 4L, XA Rslit B2 S 2ARXQ1 o] ofHe ¢

MER 2 gHez &&=1 qlct

H-u ol ro|. 0>|

10

T2 10M 2= dHiet Z0| /T 7[dh BHER TR
Mtechnical factors), 2Fd 24 (environmental factors) ! 2l
H R4 (human factors)E SAloll 22{st Aenq, 2 H
= 22 A ¥ 28 oM $HFT| oM SHE 2[5

—_L_O
toz #EFict

Cte

-—

r

AN

2.1 Hlge 24 HAH 71

I

17 2= ISO/IEC Guide51"0llAl Holstn gl AlAEIo|
Jher 2 22 IHoM EEE BAY/"Eo kst 2ok 2t
Mg HoiFT ok

JZofM E= et Zo| -T2 (risk management)=
HofEl AIAHo]| LA E R4 (hazard) S8 AEHsHL, O]
£0| Al12 0|0fR &51} 1 ZuFE AHlLKrisk estimation) 8t
T 5180 E HElelll 82 = gl= |0 st
0|& HMIHSHHLE Mztskr| 2leh a=EHrisk reduction options)
2 275 0| XISk YEHe| THYo|ch 047|A, fIExE

=A(risk analysis)O|Zt CHal A|IAEIS MEst0] /I 2212
ol O YT a2 AP 7iK|el el niyE T2
7= B0{2M T BA Zot HojH AT 2k AL A
Liz|2= IEEE FF7| I8 71X RiE2 ARZECt 2
£ HIHrisk assessment)zt Y& T 24 52 ETl6l0] 2
HEE Z0|7| {5t gwoks TR0 W] 2I6HAM o|R0X|=
EEES IS 20{0[ct ol fIET 24l Az o]
7l ES ARE3I0] IEEE E0l= Wokg Mokt = Qlx
£ xglohs odE xghetn Uk

ETEA 2 ool ABEl= tEASl 7| o2= HAZOP

(Hazard and Operability Studies), FTA(Fault Tree Analysis),
ETA(Event Tree Analysis), FMEA(Failure Modes and Effects
Analysis)S0| AFREICE.

gl =78 H
(Risk-Based Rules/Regulations)

r

ST ST
(Risk-Based Approaches)

=

) IEET|N2E
(Risk-Based Operation)

sAHQ A~
ZleQA sHEa 4 ol= QA
(Technical Fr:c_tors) (Env'é;?:?;::jntal (Hu man factors )

2l 1, QEE7 |8 MaEHHE (Risk—Based Approaches)

1) Safety aspects — Guidelines for their inclusion in standards, 1999

2) S E"EIP|Holl CiEH MEAel L2 IEC/ISO 31010 Risk management —Risk assessment techniques (2009) &=
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2.2 IMO 3A[eFHMEI} (Formal Safety Assessment)

FSAZE ZHIBHAR [FHIMO)OlIA THEkSH R mI} aiE
OF “oly, sliketd I MMESE Z510] sl AlolA{e] oF
Mg getg 7IsP| 2l fIEzet H|E-0|UHIIE ARSSt
FZ|0| 1 MAHEQl om st uYolct of7|M 2lEEat
a2 A oigoh Hiet 20| At 2k Ik (frequency) 2F At
1 Axje| AlZFM(severity of consequence)2| Egtoz X9

i, w2t QYT A (risk analysis)OlZke H2 2E o

O 30flM E= Biel 20| FSA= 1R824 AH(Hazard
Identification), HET BIKRisk Assessment), IEE2| |
Of2¥eKRisk Control Options), H|8-3i% 7 KCost-Benefit
Assessment), 2|11 S|ARAE S 2let #1(Recommendation
for Decision Making) S 5702 =2 O|R0{x Uct 2zt
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Based Standards: GBS)<|

b HM3ect IMO FSAE

A

R Y% ehig Meking

—
o Az RABIEN, BRIN ZHS | Szt
=14

=
2H7|gt MEAZET |Z(Goal-

2hs Z3S101 IMOoAMe] F2

ool Al - 7HY S QAREFEE flet e E HIED A2
o]

of? =t M

—

JE

2|

Stat |

F ol a2 Ao

o

=2Z(functional requirements)2| &2,
slE[&ol M| theKdesign solutions)2

s
Al 2st rtoz &2kz

7kssiet.

intended use and reasonably
foreseeable misuse

Definition of

Hazard Identification

Risk estimation
(probability/consequence)

Risk analysis

Risk Reduction

Risk evaluation

Risk assessment

No

Is tolerable
risk achieved?

[

Stop ]

a2l 2, B=Ey 2 X2 =X} (1SO/IEC Guide 51)

3) IMO MSC 83/INF.2 (2007). Consolidated text of the Guidelines for Formal Safety Assessment (FSA) for use in the IMO rule-making process

(MSC/Circ.1023—.MEPC/Circ.392)

4) MSC/MEPC.2/Circ.6 Amendment to MSC/Circ.1022-MEPC/Circ.391 (the Guidance on the use of HEAP and FSA in Rule-making process of IMO
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(Risk—Based Regulatory framework)
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Decision Makers

FSA Methodology

Step 1 Step 2 Step S
Hazard Risk Decision Making
Identification Assessment Recommendations

Step 3
Risk Control Options

Step 4
Cost Benefit Assessment

33l 3. IMO ZBAIoIMET} (FSA) EX}

5) Lord Robens, Safety and Health at Work, Report of the Committee 1970-72, HMSO Cmnd 5034, 1972 % Lord Cullen, The public inquiry into the

piper alpha disaster, HMSO Cmnd 1310, 1990.
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MSC 77xt 3]2](2003H 58 )oIMFE 2Z4&0l =27}
AlEf=[Qlon], 20104 58 MAESEM 2 REMe =
(structure)& iAoz st A9 "X EH(Deterministic)
GBS™®7}IMO MSC 87xt3|2lollA AHEH =it B0 = X

/M 2olz S E 28t ‘Z2X(Generic) GBS'e| 7Hgt
off CHet =27t AEE of™o|n, YT 7|8t gHES=R
M FSAQ| XME0| HES] I-T'- RULCE.

T8 4= GBSE ZAlez 3t IMO Hx|A (regulatory

framework) 2| 2 %@'E H2oiF1 ct.

Iz 7|8k oFMAA
(Risk—based Design for Safety)

3.1 71=71d

oM MA|(design for safety)2t AA F7 =0l MFE] oF
Mol| 25t 2 (safety requirements)E 2152 MA DY
o BIdSP| fiet ZEMA F, oM (safety)tt 7|&8 M5
(technical performance) 2! ZX|A(cost—effectiveness)ofl CH
ot 2|H SE 3| flet Yo niFgolct

Regulatory Framework (Today)

ILO

- regional regulations
( national regulations
are
referred

. class rules

d/ industry standards

27| MEbdAH oM oM Mut XiHle| 2= 2 RS
off Z&0| S0 Aot J2fut Auimp aedsh Afne| 80%
olalo] MulRIH|e| ZetEChs &7 ALt Z2|A|AR—
o #Ho| Rlend, w2 EZoll= ol2g RASS AA| ¢
Aol MFE BRIsP| 25 30| 2751 QUct

MHF°| OIHMAIE 2[5t 2UWHEC 2= I H&7|8

HHEH 2 (rule—based/deterministic approach), XA 40|t
AlS 52 S8+ A7 |8 EHE(performance—based approach),
J2|0 SEES VIER o HEEU(eEEE (risk—based/
probabilistic approach)22 FE& = UCE 7|E| A
*E*'OI A 2P0l A 7FE BO| ARBE|L U= AT (MY

SAHA Co[Eet AxAel HES Yoz sla1 U0

hjé, = 95k 58Xl L2 MIstn
Zo| M ¥ 7|FES UEAT = Fe ATl WHol22
MZ2 Falo| ALt 22 Al Mulof| Cisto] XEst
= Holl= szt i’A'EP Mi7|““‘* HHH 2 (performance—
based approach)2 Tx|&/22% 2 H
AlZ2lold 52 el
She Mub 1S EMof| 23 ok M=S Tyl aio
2 J7|&Xel s 2ol FE2M0l Ms2|
ol8=1 Ut

rOr

T

Regulatory Framework (Tomorrow)

GBS framework
- goals and funct. requ.
k procedures

e | prescriptive elements of
comply with former conventions

[l ﬂi
\K regional regulations
national regulations

class rules

industry standards

12 4. GBS7[Ete| IMO H-xIA|
(Long—term vision of IMO regulatory framework, SAFEDOR)

6) EFEX HEHE(deterministic)2 7|HO R 3t AlZMEl0| XV |FOoZ J2|A, HislO S £ MEZIIS| ol FEEUC
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ol2{3t SHHES 355l oFMof| chst Tf&Ao|D & A = geldel dHo=z HWolstod AAof grdsh| 25t A
Mol Mg st FhtezM YT 7|8 W E(risk- X} EHHE (common platform)o|ct, YetE o=z MAof
based approach)g MutMA Y, 35| SLA(Safety-Level QU0 oFMof| LSt LTEAIERE B Ae| J|EC2AM, A
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MEfstEl  2Ial = (risk

xR YR,

2

reduction measure)0| AEECE 12|10
H|€ o M 2A(cost— benefit analysis)?

= 7ol ARSEICt T2 AA JHdol| chet
(risk analysis)2 a5t 2t

level) &
acceptance criteria)oll CHSI0{ "I s}, 0]

HC=E
%I_LE

A2 MAle| Zopo|H, FE

flol=
Al AlLi2| 201 ciet

Heketn 5187 (&(risk
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F

2|1 0|F LhS0| Mol X d5(Bs H =5, ==X
N, 2 88, 3), Oﬂ oAl geke Aste P
2lof wk2p dAef ietez Wafsict o] ZRYoAM 7[E2|
ADARILE 2 HlolefS0] ERsich T2{Lt 2EHol AL
TARS2 SHIMAE 2IE B¢t HOIHE HSSH| =
So{, w2t Atlel & 3 A of 5| flet fHe
2 215 Altholt Ae, T2\ HRE AlE2fold 32 &

77+ ERsict

H 2. 7|=AMA((rule—based design)Q} 'Y= 7 |Ht O Q0| H|w

e THE7|BhAA| BRI
= (Rule—based Design) (Risk-Based Design)
oMM o MAH|H|2kz=7(constraints) oM7e|l S (design objective)
(safety) - 24 FFA - 7|5, v|8nfe| oA/ =M st
A3 (reactive) o ARMOJEFA (proactive)
T2er - B4/ 4 — DS/ AE e A
— ks (bottom-up) - SFakAl(top—down)
oBIEY 0] B4 oH/W, S/W, SIE Q0| Hd
3 o EFAE0]| ChEH It o BE of|E7tSE AE 11
(Mukd EM gl Mg} o|18) (MEtA sS4 21X
cBNEN/ TN i i
Y ses o Tm o B EX|SH/9(8 =7 |4 (goal-based
at (deterministic/prescriptive) /%1 12t (g )
7| & o MIHE/AT|E Mute| oFMA EXEof SHA| o AUNE/AD &M E Muto| oA HE
EeNL
o7|&2| B&2} (rule-follower) 07|&9| XpH/MEE} (rule-maker)

H 3. A7 S8 QR EETL LIS, BIHE 2 =7
= FRLUYE HWHE/E A H| 1 (Z1}S)
- = g2 /A Ho System Safety erE 7/ e | A 2l A
7124 = I - (SSP)
= Q¥ T HWILESEAYZ|E ™o| || (MIL-STD-882D)
B E/ISseH Ho
B PR SR/ I High-level FSA w/ B
£7|HH L ||« @ QL A (HAZID) FHA/ZHA £7|9HH H7pRDA
[GIERSES) CQIEE BA/HIL () . FTA/ETA (w/ HAZID = 11 i)
« AR /7AYol ]
« A|AHIE O|H QA M Detail FSA w/
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A AEIOLR A 7L 1A

CI2/4H27) ||« ormare A _ETAETA |~RUEY Y=y
HSANE/EHIPZIE ™o - SRA, ...
» O g A = o 0| Al 7 e

HE/RLE= HHeH HAE/=0l |E2H"H7 w/f AlBE7Z} 2o A
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(CETANE2)) N
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B EANE:

- eEEEEIY:

150 30010

- SR " IHRE[ " A IMO MSC/Cire. 1054 Interim Guidelines

for WIG Craft(Part C)
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Z=*) SSP (System Safety Plan)/MIL-STD-8820

FHA (Functional Hazard Analysis)

ZHA (Zonal Hazard Analysis)

SRA (System Reliability Analysis)

SCF/SOF(Ship Construction Files/Ship Operation Files)
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A Risk-Based Design

IMO mission statement

...
GBS Goals

Functional Requirements
LN

gE7|8H7
(Goal-based design)

IMO GBS

International rules and requirements
Non-mandatory standards

CHA|2
(Alternative design and
arrangements)

“Beyond the Regulations”

i fing to GBS verifi procedure
Approval according to Guideline on approval of risk-based ship design (e.g. MSC 86/5/3)

2! 7. SR [ MEIOPHA 2o 3! S (Juhl 2010)

4. 8 E

.u_

X F7K| et =MPAE o 2 &k 2

UM 7E S M=o 2fEsl i, dA L 7HI—F£74
(constraint) 22A IMO & 2 =ML M3l AElS
&Sk 29 ‘A EHAH|(rule—based design)oll =51
QICh 2 o 9l &k 2 ZN|7|Ee| 43} siU=ME
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- 1SO 31000 (2009).
guidelines”

- [EC/ISO 31010 (2009).
assessment techniques

- ISO/IEC Guideb1, 1999, Safety aspects — Guidelines for
their inclusion in standards

- IMO MSC 83/INF.2 (2007). Consolidated text of the
Guidelines for Formal Safety Assessment (FSA) for use in the
IMO rue-making process (MSC/Circ.1023—.MEPC/ Circ.392)

- IMO MSC 86/5/3, 2009, Guidelines on the approval for
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“Risk management — Principles and

'Risk management — Risk

- MSC/Circ.1002 Guidelines on alternative design and

arrangements for fire safety

- MSC.1/Circ.1212 Guidelines on alternative design and

arrangements for machinery(SOLAS Ch.II-1/Reg.55) and
life-saving appliances (SOLAS Ch.lll/Reg.38)

- Dracos V., et. al., 2003, "A Risk—based Framework on

Ship Design for Safety", IMDC proceedings
“Risk based Ship

Design — Methods, Tools and Applications”, Springer—
Verlag, ISBN 978-3-540-89041-6.
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