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Development of Safety Performance-based Model for
Holistic Regulatory Formulation Framework of Maritime
Safety Regulations

Park, Joo Sung

Department of Ship Operation Systems Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

The objectives of safety regulations are to identify the relevant risks in the
subject areas and establish proper safety measures in order to maintain such
risks at acceptable levels. In this regard, maritime safety regulations such as
SOLAS and Load Line Conventions have played a key role in achieving such
objectives. However, the SOLAS Convention, for example, as the representative
maritime safety regulation has been numerously amended and expanded so far
resulting in non-systematic and irrational distribution of safety requirements over
different Chapters, Codes and Resolutions according to safety subjects and ship
types, etc. In addition, the SOLAS Convention has maintained the regulations
largely in its prescriptive form and thus making it overly prescriptive and
resulting in lack of justification and transparency. Also, the current regulations
in many cases do not properly and timely reflect the technical advances and

changing environments in the maritime sector. Due to these reasons, the
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development and the implementation of the requirements of the Convention has
become increasingly difficult and, therefore, it is considered high time that a
new holistic and system-based regulatory framework for the formulation of
safety regulations need to be developed and adopted to make the maritime

safety regulations more transparent and sustainable and effectively implementable.

In order to devise a feasible regulatory framework model, this study firstly
reviewed the characteristics of safety regulations such as the concept of
minimum requirement, the implications of safety regulations in terms of
strategic, commercial and technical aspect, corelation between the hardware
requirements and operational measures, possible conflict between safety
requirements and environment protection requirements. The review aimed to
identify the issues that need to be bear in mind when devising the rule making
framework model in order to make it most effective in the development and

implementation of the safety regulations.

As a second step, various regulatory processes currently being used in IMO
as well as the engineering analysis methodologies being used in the safety
critical industry sectors were investigated and analysed for possible adoption as
a rule making process. The more advanced rule making processes than
prescriptive regulations such as Formal Safety Assessment(FSA), risk-based
regulations, Goal-based standards, etc. were closely examined including their
merits, demerits, applicable areas, limitations and co-relations among themselves.
The review aimed to identify appropriate rule making methodologies that are to

be included in a future regulatory framework model.

Thirdly, the major factors that need to be considered in the process of rule

making were further reviewed and analysed. The issues of importance to be
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considered during regulatory process include identification of hazards(and risks)
involved and required safety level, balance between hardware and operational
requirements, multi-stage approval concept in contrast to final stage approval,
new safety concerns on cyber enabled shipboard complex systems, consideration
of human element, regulatory impact assessment and measures to reduce the
administrative burdens. For some factors identified such as human element and
shipboard complex cyber systems, the possible ways to incorporate these factors
into the safety regulations were also devised and proposed by linking them with

available regulatory processes that were investigated during the second stage.

In this study, the risk assessment on the current maritime safety regulations
was conducted, taking the SOLAS Convention as an example object of the
assessment. The assessment of regulatory risk followed the procedures of FSA.
In each step of the FSA process, the group of experts comprising of 15 people
having  experiences more than 10 years in the fields of ship operation,
regulatory process, approvals, risk analysis, human element, etc. participated in
the technical workshops. The various regulatory processes and the major factors
that are to be considered during the process as were identified during the
second and third stage respectively were used as base material for the technical
workshops. The group also reviewed the status of current SOLAS Convention in
terms of distributions of different regulations, regulatory methodologies employed
and major factors reflected in the regulations. As a result of this risk
assessment, the expert group were able to identify regulatory hazards of SOLAS
and associated effects and control measures for such risks. Cost-benefit analysis
were carried out for each risk control option. Through this process, it was
confirmed that the regulatory processes as risk control measures utilizing more
advanced methodologies such as risk-based approaches and goal-based
approaches were very effective in removing or reducing the risks that are found

in the current SOLAS. The list of 21 risk control options(RCOs) were finally
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recommended for further consideration as regulatory processes.

As a final step, based on the RCOs recommended from the risk assessment, a
new framework model “Safety Performance-Based Model as the Holistic
Regulatory Formulation Framework for Maritime Safety Regulations” was
devised and proposed. As schematically outlined in Fig.13 of Chapter 6, the
new regulatory framework model basically employs three Goal-Based
methodologies for the application selectively as rule making processes in
general. In addition, the model employs “GBS - Principle-Based methodology”
developed for the rule formulation of complex shipboard equipment, systems and
software programme in lieu of other three GBS methodologies. This process can
be substituted by “GBS - Simplified Risk-Based Approach”for such equipment
and systems. The five approaches used in the model are all five-tier-structured
performance-based standards, compliances of which are to be confirmed on the
principle of safety performance equivalency in contrast to technical equivalency
as in the case of prescriptive regulations. The flow of work, applicable tools
and checklist that are to be used in. each step of the respective process
employed in the new framework model were also developed to facilitate the
practical application of the model as provided in Table 14 of Chapter 6 and
Appendix 2.

In addition, as an example application of the new model, the ways for
restructuring of the current SOLAS Convention were developed and proposed.
The proposal contains 9 steps to take from the identification of areas to be
covered by the Convention to the monitoring and revision of goals, functional

requirements and regulations(Fig. 14).

Finally, Chapter 7 summarized findings and conclusions from this study and
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anticipated difficulties in realizing the proposed framework model and further
studies that are considered necessary. In the absence of a comprehensive report
dealing with the formulation of maritime safety regulations, it is hoped and
expected that the result of this study can be used as a useful tool for the
regulators in IMO and national maritime safety Administrations, class rule
developers, etc. in setting a sound, robust and transparent maritime regulatory

regime.

KEY WORDS : Alternative Design and Approval, Complex Systems, Cost Benefit
Analysis, Formal Safety Assessment, Functional Requirements, Goal-based
Standards, Human Element, IMO, Maritime Safety Regulations, Performance-Based,
Prescriptive Regulations, Regulatory Framework, Risk-based Approach, Risk
Control Option, Safety Level Approach, Software Quality Assurance, SOLAS
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Fig. 1 Flow Chart of the research
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Fig. 2 BP shipping self-regulation model(Bailey, 2013)

IMO9] &% A=, IMO 39| HXMAF0] olgiet HAa8de £
y&S A4 u o] FAAKstakeholden) E2] = 7] %
Z2A2E 5 7 FElEd HolA FosEE & BVt e
S MIsta AdsHE Zolth 33 43 o] e

Collection @ kmou



B4 AAAG 24

10] F7k % sAREIA S PI A=
el

A

taL o

3ol

2.3 AAATARY FHH, 71<d, AEFH v
P ddjH el

o

il

°] SOLASH

=
LN

il

A 2 Btoll AL A= 7ed IE

[e)
T

it

[0

L

Ho

™
o

o}

HE

[¢]

oz AREZH 8L 54 dHe LAY Anl e

]
ey
Ho
=

ol
b

4

]

A

=°] SOLASHefeo| 44

=

= =
=

o]
M37E gllen weba] Adukel] &

SOLAS® o 12%

L —

) Y

HikAba o= IMO

I

RS
oy
oR

™

—
o

it

)

}

o] AAAF77} WepA 7=

=
T

ol

Collection @ kmou



ZFt}. 7]

dAll 71819k 21715 FAOl TP T

Zo] Br=E ZyhY A= ZAH 71ELS IMO

NZRogH 7

oko 2 AYAA A 5

& o
=]

% gepol

Bout g

el

B

o

e
i

il

o Alao] w3l A
NEEY AY A7

= & o
= B

AAEo] AMFN L B Ex

247 2 WME

o}

of AuEA A ARAEA

0%

o
B

—

~I

&
ar
N
,@0
ﬁo

o) A7%EA o

=
=

=
=

AlE A A

é—l_

o

Ho

oju
el
e
ol

O

NP

IMO, ISO, [EC 3 IACS 59 AA el 37

Aol met M=

L
T

A A

L=
=

o] s

z

3

ZER=T

FEVH 22 54 F7FEL MOA thApztel e

Hd

[e)
T

mltol i

) 2]

A} 2

L —
) Y

71= st} EU

ol Z=whd) Z(Exxon

9-2]¥” (Oil Pollution Act 90

%

Valdez)s Atal & w2

™

A2} 59

oju

)

oFo] 4]

)=

A= IMO

ol
It

Collection @ kmou



—
o

oF
4

ol

0

‘|_

S

i2

I

CES

9
pal

HC}

3=

9
pal

S E R

=

stedofs axdvto s

<)
1

=% 7leH o of

ol

IR

37

A5t ATE
[}

2]
A 8l

=
=

Htp FAHoR ol

oto] Aol

71

=

o A
X

st=do] 23 &% & Aeke

o7 o

- AL Ve IR
¢}

e} A,

- x]
2.4 3t=9013 243 AT EYH 8

(o]

.

-
ol

ASHE B

s
i

i

)

—
o

r

—_
o

H

Aoz BobE,

1

9
pal

A

i

1o 2 @714 FEa o

Al 2AE 2=y Adul e

°

°

x

2] 7 o] A

Collection @ kmou



7h ks Ao,

2.5 HF7%5° U &4

s
)

F=slof

S|

SOLASE °F &3 ol 4]

MT

EER AR S

| —
) By

7}

| —
) By

Bl

oW WHoz T

oju

N

mt

Al

oy AlFe HF 715

bol AlEo] of| Wxpe} =

S|

s

S

il

o webA, of

o)1
1o

=) %)

N7 =vE

=
=

E(l_

o
=

EAEE AAA HAF 7S

2 A3 AbgALeke] /IEH ol 28 T8l A

73 o]

=
o

A 7

9]

A g-g dof wr

iy

2.6 AAFAY N FA R P

o}

e

)
ojo

NI

il
-
N

me,

sk, o]

1Y T-E 5

A4

o ot

Collection @ kmou



IMO= 3ld=Ec°]l EAA FE AAst= FdxF o EHsHAR

IMO AAI7F ek Alde] & Fo] He A¢= Utk IMO #ZAFRe] 7=
of gefolded s HAsky s 7=l W3 AAE A FAI=
stol, AAGAZE AEd ANHFI s AYFA L 7Eede sha, FR17
B71Ee] ZE g9 stllM e Aol A AAE sdste 98
Fhot. o3k IMOS FefAdol thah A AR #Ho= A dHe F
Joll Zt=th gefbalde] FAl= 7=l ER IMO2) A A= Ha
stot= Zlo] wtaEAsiH, IMO= dfAld Z2AH 2] 284 S =4
= BFofor @ Zo® Rl wEtA dA IMOZF 3 F9l HefA
e TSl v TFER L0l Basty, FF FFAHY A elA,

{

IMOS| @epral S8e Eisis EAE =08 @i TAH R4
AN S Aol Bastet

SOLASEeF 812 tiifti Aubo] zkFojof & @35 7|&stal Stk
metal SOLASHECF A9 Fole oiFE Adufe]ti( “Ship shall be
provided with ...” ). 2384 HIT 5o A5, Ad=/Idwd=, 34,
Ag B 2AHAL Fo] AACk & FAEC] 24 FriE vk 2016\
Bl SOLAS® ofoll =18 ZEoHe FAAS SHA AE 204 =
Aul 2 E E2ola 3, #HH oY EA(packing AU #HE Y En|
Q3 2 JAE #E GAAE o A7) wWiZol ko A¥ e
ZHo A Q3 E=o] Ha Aot SOLASE el A 1 ARgo] FA5 of

H2Exe e Bxg FHolu def FHES 749 =Y =9

zo] UAAE A WHOR T AL ozt

o

Collection @ kmou



oF Al HAFAA 7153 7 &

o Ho
. =]

i

Ao 7=

< IMO
3o

SOLAS

of 7

Joh. whebq IMO:

S|

8

W3t}
W EeE ol el wek o NG shsgmn ohye)

A

ol A

el
HafoF .

N

3

T84

i
—_

T=

2.7 AATMAIY BFRI3 9

i

[0

el

(overflow method)©. =2

Al
-

A

15
=

it

Bo

7 Al ol Ay Almer]Edd o

e

R

A

TebA, ol

o

A, B4ET 5 A FA A T

o

Collection @ kmou



AR AT AR THE

A7k A= BolElH 5(19129), sl8dt 2B Ay zgto]| 235 (1987d) H
AzEyoets Aba(1995d) 5 S FARAL7E SOLASEeFe] A8 7] ol
gk F8 5715 ATsl stvh S, kA A Aol AR ALLE o
Wek7] AR A ol Rue Abarh i Sl 1 (1S 2=ARSEY FA

g Aol A AE 918 Aol

olshe WEE, FYL AU sle B MA o ARE WIS 9%
of, =¥ £9AYE WISY] kel ALHoR AY B AR &
oA FEF e, old@ A< Aust oA FH AT )

31 73H 71¥
@a) SOLASHOF 4o E38 tiR®e F4& Mufolud 1 37}
ZiFolopd FAS APAOR 71&d FHA s1Fold o WEA 7

M 7] &(prescriptive standards)2 74 FHAAEol} AFEAEAA Bl

Collection @ kmou



g
oy
ol

ml

23 e AAEH AR Aoldt A XS 2o F=
[e)

£ o
fa)
o

Atk 2y olgd HA Ee Bed 2e BE BHSS

B

- FR AL FEzEAe] %o HAe Aol A 7]z
Nzl £, YRE & oty FHH A2 /EH S
o] 1% Syl Bozo] Ak WA o]HF FAL URE AH

o] -&-(pro-active)o] obd AL d]-g(re-active) TFAO|EZ QHHALLE
Atal A el me] o &8t 18 Et steTl AT dom Altel
Aol whel Ao AA o] Golx A Hth

- QAEAL] AAE A 7= 2R E Aafsta o JHA] O

5

& AAY siMEs s8] A Y. S5 AAAEAA &

- ARe FAS Adss FAAY TEALIL YKo Len

3.2 gl 237 "W

2] ~37)4F HH(Risk-based Approach: RBA)o|# XHly} 7o o]w
A 2=Ee] go] Aol E FREY] b S FFAI7I7] flste] Aol gl
£ Hrtetr] 97 =dFoly FEA] A" d A Yol F
(Fig. 3). ol8|g =75 o]&ste] gj==9 Hriel g9
Zow Agste] ¢8I FE Y2d, S /\]iEc‘M] Q ],
TS AET 5 Atk RBAE 33t oA AEd HHAFFES o] &3

o HAAIEIY SAVIEE AR 5 U

Collection @ kmou



Risk-Based
Rules & Regulations

gy

Risk-Based
Operation

RBA

Risk-Based
Cj (Risk-Based Approaches)

Design

Y

Environmental

Factors Human factors

Technical Factors

Fig. 3 Use of Risk-based Approaches (Lee, 2013)

3.2.1 g2=27|9r AA 7|E

2] 2= 7]4F A (Risk-Based Design: RBD)& A ZZAH 27} #2233
7l o8l ADHJAAY AA|e] Bzt el=aH 7ol o A= AA
E T3t} ole Y2IARAFY B E&-HAHIIE AHESt A EI ¢
{-G 84S BEsted 535S T AAZo)a Al2HE © =Folt) o
714 g 23% 7 FSAA ASEE 1455 B4 (Fault Tree Analysis:
FTA)olW AbA4E EA(Event Tree Analysis: ETA)# 2& =42 o] &

g glaand £ye T o] Fofn.

_—

237 AAE &8st 7Y d=ZA SR tig tiAAA
2 Hj X (alternative design and arrangements) £711& & F ATHIMO,
200D). o] FANA = AAAI}E AR A tiA A FL w7t F

st &4, W7 9 $Us Foto Ak Hxe Vs eds vEst
e THstA A 2 Fdo) o, g 9=, +F 81 T g
HA QAL FEZAZ|A] otz HEE 383t Ak tiAdA L] It
29l AF-BEL Fig. 49 2} o33 glxzrwt 7|&Fe 8 7HE oA
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des 248t As FEE AASA, dAEAY A48 SEE U
3t o] 2 & &3l dFo HE®y)Wk ¥F2(goal-based approach)e] T4 o]
oA vl

@ &tk Paaslmel gAMA e e A ENg 7
E0] 7Feg A°HIMO, 2006a).

» Alternative design
« Methodology:

Preliminary analysis

y scenar] o Statistical / accident based approach + expert judgement

information

Quantify prescriptive
system performance

Assessment of effects of alternative features : AR; >0
Quantify proposed
system performance
Evaluate performance of
prescriptive vs. proposed

Performance of
proposed design
acceptable?

Assessment of effects of RCO : AR, <0
Equivalence AR, + AR, = 0

All scenarios
evaluated?

No

Summary to IMO

Fig. 4 Flow of Alternative design(Corrignan, 2013)

3.2.2 23274 £l 7]

AN

D thA2A 2 5714 Al(alternative and equivalent designs) %1715

QAEAY S7HEAE s8] g =379 F<A(risk-based
approval) 7]&(IMO, 2013e)> AAES FHAe] dAdho] we} SOLAS,
MARPOL & 7% IMO @A 3185 tiA| @AY S7HEA ¥ O‘H/]E‘r
Exdule] Ag® AubA g3 74k A A (full risk-based design)oll =
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(4.1.1)
(4.1.2)
NO=——ts  approval
progsss
(4.1.3)
(4.1.4) Monitoring
Review of analyses (4.1.5)
Approval of preliminary design (4.1.6)
(preliminary)
(4.1.7)
Update of approval basis 4.1.8)
@19)| Monitoring
| = 2T
1 Review of final analysis [4.1.10)
|
: ements for
1l 4141
|
|
1
1.1.12) I
;
|
[N Review of approval tests & analysis results FERREN
1
: Approval 4.1.14)
i
|
|
|
|
|
|

Fig. 5 Risk—based design and approval process(IMO, 2013c)

hAAA SIS 71 2EL2 S A 800 o7 AAVE I sk= A
A 5(required safety leveDoll wls] thA|AA 2] kA A s(attained safety
leveDo] &% WA dflolojof k= ZAo]tHIMO, 2013c; Corrignan,
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2013). IMOW atdAlel 2 rgel gle 2ok Avoe Fa43 &
ofste] 2lxa BrplE =

AAstaL o]o] WFARE T ¢S AAIY. VM gz=a B
Fo A4 A “ALARP(As Low As Reasonably Practicable)” 7id<] 2|2

I SEGisk leveDS AFHAY JIEk ABE P2 £871FS AR

#]~3 $87]=(risk acceptance criteria)<

o} o] F ZFA ] £ 7B 9F F ol AL HLsuE 1 A9
EolA AFmovelty index)ol]l Wt ZAHM o] A7t oW Ak g
=7]9F A A (full risk-based design)7F 2 &% t}.

2) g ==a37ar $A7]F2] 7]el Al

JzzA2~ g AAZIES A&t A2 deldel "ojXth Fig. 62 ©
2 712G Al 2" Fel H &k kdeds

o7 gar|vt RdS FYst g =A7|H b A g (risk-based safety
hierarchy)& ®&/F3 Atgoltt. 71A= flollA & 237w 7]
U 3.3d"A BF= FSAMA AMEEE 2]~ 76F RBAEHTFZ 2 A 2~
(safety criticality assessment process)E ®}®O. & &lo] Hrt} Zgo] 7HH
S ety g~ 78k 2 d(simplified risk-based modeD)S 19+ T

=

Fig. 6= EUS ®F o wet Ag71AA9 s¢& g3t 435 AAs=
AEE FHETAN o] EUZAA G AR ZAT A A kst ©estd g
237|%F 2hQl “QrAAF Fehv]=(safety hierarchy pyramid)” o]tk
(EU MR Group, 2012).

Collection @ kmou



“Class Safety Hierarchy”

Certification requiring full

= Level & knowledge of build specification
?; Levels Certification requiring sub-
5 certificates

k] Level 4

&

Fig. 6 Pyramid of safety hierarchy for ship equipment(EU MR
Group, 2012)

A7 A HAFS BF AN SAE Ui b =(safety criticality)
7138] #At bA7ES] FFol FoAW 49A o

)
HHE7 =2 AFES 2o Bug g2=a7dt 4o 3

gl st
a3k

Table 12 Adbell SR HAFE 7N Axde ik dAlsE 1
Alzgle] 1o wE sfo] ke wet st E EFT Sestd
glazrigt mdolny, 7b FhelaiE]el] &ek AxEl B2 HEshe Ve
sA7IRAD) B 8 A FEo] A HES SlV|Ee] AHd
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Table 1 Example of system category for shipboard computer based systems
(IACS, 2016)

Category Effects System functionality

Those system, failure of which will not lead to o .
‘Monitoring function for

| dangerous situations for human safety, safety of | . L
informational/administrative tasks

the vessel and / or threat to the environment.

-Alarm and monitoring functions

Those systems, failure of which could . .
‘Control ~ functions  which  are

eventually lead to dangerous situations for o L
I necessary to maintain the ship in its

human safety, safety of the vessel and / or . .
normal operational and habitable

threat to the environment. .
conditions

Those systems, failure of which could . o
-Control functions for maintaining the

eventually lead to dangerous situations  for

1 vessel‘s propulsion and steering

human safety, safety of the vessel and / or .
-Safety functions

threat to the environment.

3.2.3 gl2=Z7]4t 87|
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(risk-based operational standards)e] #-&o] A=% 3 ).

1D gl 2=7]¥F A vk Alrisk-based survey) 7|&
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S4ES OJERE Q% Atale] o]27] Mo AbH tlgAHo R dotsin
o o

TFAL kA EFH(safety objective)oll H-3shA AASt 71&A, AF, &
A WS BT 1He 8408 Fo, 9] v Feofsta bdE
_]

7Hd(safety equivalency)o] JAREAA o] Hrld=lo] ETHIACS, 2013a).

3H# FSA+ ISM Codes} T o an/\p«}g Aol dHEsE ML
T8 FE T shusta & 5 glom o] FSAdx
& 22X AREHI G ol5e] daaA= 324, 344 ¥

_4

- FSA 3¢ $3ke} 215 @eke) AW 2 iAol Abg(el: SOLASH e
A

- P ETR AEU6E)
AAAZ A EMMRA) 7'M FSA HES Eahe] 1883 1 A
5

332 7l ZEAM2 E AH

FSAe =39t A= 9 &9 & ol He 743 dFd 2AE
[e)

o
NFEA Aelste EHlYE AH el 5w B4 ARCIAC,
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2013b)(Fig. 7).

‘ Definition of Goals, Systems, Operations|

Preparatory Step
Hazard Identification | Step 1

= — Hazard Identificatio:
Scenario definition

v v
Cause and Consequence
requency Analysis Analysis
' ' Step 2
Rlsk Summation Risk Analysis
Options to decrease Risk M Options to mitigate Ste p 3
Frequencies ntroll Consequences B :
= — _Se(j Risk Control Optior
| Cost Benefit Assessment |
i ﬁeponing i Step 5
. |

Recommendations
for Decision
Making

Fig. 7 Flow chart of the FSA methodology (IACS, 2013b)

1) 19+Al(Hazard Identification): FSle] ZE=E 4 Q= AFFEQI7HWhat
can go wrong)E ottt} & nE 9 (hazard), 12 €A A
AdES gotsta @Y dASGE @ Ay we e H 2

Feoh

St

- 9 9 =3 SWIFT, HAZOP, FMEA, TA 5 w22 HAZID(Hazard
Identification)®] &2lof we} et
- F8olg: HAZIDS] A+ Friste et A3 B &5
Hrh E}EW HAZIDS] BRE 99& BY3st=E AE7teE AAs kg
1

3 delz #Ho]of A},
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2) 29HA|(risk analysis): €] 2~=+= F7](frequence)®t A 3Hconsequence)2]
FTAde =3for HogxT o] TAAE ol Y2aAE A
(how often, how likely, how bad?) 3t} o]& fl& grande 5
23 HRCT, ETA, FTA, Quantificatione] gl~3a =g F9 FA LA
). o] mdFH Avtg o tiste] At AAE, A Wik gz
E Hofsta Al AluE] et AFEHE F8 I B A Y

=23 193 R ok high-risk area)E 2] 3t}

Ll

- Wy 2 %58 FTA, ETA, FMEA, HAZOP, What if Analysis, Risk
Contribution ~ Tree(RCT),  Influence  Diagrams(ID),  Bayesian

Network(BN)
- Fo0o|9 YAZEAAA N = g BEAHUAHol Al 1 F8 <Y
2 2d 3 dolgel Eg44 Ol‘jr(ABS 2000b). z+ Hokéd%@, 3}

A, 72, 718 E AE7E Y g3 M-S T8t okst
H A7y FHEE g EA4E Wo] ARk ¥3 #AY AHE
Vst diolge] Ao A FHeHT FHAIL AEE
mEba ek mdolu; AlE# oA, ME7F FThexpert judgement)
| #53 dlo]HE tiAlsts ool dnh. weks AR do]E <
A AEZE ATy ddol w2k FSA A3 @8kd 7heA S
A EA)%k. AR THS Fairplay AFalel]o]E]7} FSAel 717 ®o] A}
|5 glom MWk o g ALgTbed dlolE It uig- Rttt IMO
o] ZFAEgs&HR A 2El(Global Integrated Shipping Information
System: GISIS)2] HlolEl&= AHKo| 3 FFo| dojx T &gAo
A "Gt FSAS B33 F3S& HeiAes 2 =71 AR 7}

=
Aot F2 oz MO FAsHAl o] Foj & oF st IMO= °lE H°
HE 4 7sd ez LFstofof 3o
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3) 3@AIRisk Control Options): 3Fot® gl2=o] thdt A o] HHow

can matters be improved?)E< ¥etdith ME7F HE FAASIY =
I7F 283 52 g2 okl 23S Fol FAAA g=IAo
thRisk Control Measures: RCM)2 2|¥3&}al 1 Ao STk

N

T EEaE
F710 Ao 7)ol st 2ekA o A BA S TA] 8ty
P23E ZaN7E 284S FUHT niAgoes RCMES A&
el A4 Ae(Risk Control Options: RCOs) .2 153 3ot

-y R =T ARbY PHOIEE, £94, 94, 234 ZUe 1
§a e, 18 "ol F7199 FYUE ks, oMEEYY FE A
e B&ERAGub-moded & AGVTHEFEAN, A A B o4,
Y& Ao, T AN )

- F8o]q: ¢glst= RCOXET ARzl HJX]SH:— RCO7} A& = ojof 3+
tHo: &3tRt W37 AsgE Ade). 532 (passive) RCO7} %
%7 (active) RCOXE.T} A &% ojoF FHoH(o: Z}%—% Q8= T (water
curtain) Rt} 1G24 WgHo] MEEs= AE9d). ofH RCMS th&
RCMol| ¥&-S v3s OLO}O]@E} CCF(Common Cause Failure)x= ¥

£3] st=9ol& RCOE Hst7] 9

3l &34 RCOE Adst= AL 7hs3k sfof gt @& RCOES

ddte A g o glom Fgnidg =, A4 g9 &y 714 T g Fx

(SAR) 5 Aurs|no A Zropo} FhrHel: FFEe,

=
o
ox
1o
7o)
O
O
2
of
ot
o
N,
)
£
-ll

=
A5 EEAY A5

4) 43A(Cost Benefit Analysis): 3gAlo Al AE =3 Fojd Z+ g|~3A
of & AT A9 BH v8 &9 P7HHow much?, How much
betterDE ol =, Z RCOA tig Algn| &g A= g239

rok
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2oHg HAE A 5 §
229 A% UZE ATE Pk RCOY Aoz AF WL 2w
AA % 2 ol g3t BlxaB AANFOEA TH

79 7Hcost effectiveness assessment)S 33y 2l 2I487]
(risk acceptance criteria)dll= o8 7}A 7]&E(standard)E°] $om
o'l AL ofz dutxog ¢oJH 2 itk IMOS FSAoA &=
“ALARP(As Low As Reasonably Practicable)” 7]&< AHg3l skt

5 b5%A(Recommendation): IMOe° JAFZA S 98] HAFSHWhat

actions are worthwhile to take?)S & HIAE A3t A =3

Faolqm HEH A mE gl2aA AojYtES IMO 7| EA 8
SolAl ZAY Thestar 4 Ve B or Hudn RE 9
8457 HEE AJAES vt FFS wi7H, g3 Aot
AderdeEs A58 & S 7x= Bt sHe w7,
2232 ALARP %202 fA 32 3= RCOZ 2l¥sle] 1AL

Collection @ kmou



34 EX7)v 7|&E

3.4.1 E% 74 AubA %7]2(GBS-Deterministic(£+ GBS-Prescriptive))

Based Standards: GBS) ®2]¢] SOLASESF 74 =%+

2 Ao Axd Az (@A, Az, &P st 18l 9 Hkst
nte] FEF 2003 A2 AZFHEIoem 2010WdeoF SOLAS II-1/ 3-10
TH o2 AEEJ (MO, 2002a; IMO, 20100) T+ A 7150 Aufe] o
3+ 7] Z(rules for ships)o]g}® 7)o Aoz =J¥ GBS= hAAA =S
s-&st7] f17F GBS¢t= = & FHEE ZIE 5 Vs Wi 7E
(rules for rules)” o]t} o] GBSolA= Aule] 1 AJelset whEsor &
7V 2R A4S dAhe duk x| w3k =& (Tier I, overarching
goaDe} 1 HIEE GAS] s REFaloF ske 7l 8xi(Tier I,

functional requirements) ¥+ 31 91 th.(Fig. 8)

Tier |

Tier Il

Tier I}

Industry Standards,

Practices and Quality
ystem

Fig. 8 Deterministic Goal-based Standards (SAJ, 2007)
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= o A s ALYAH F2 AFolA gty gek A
2=, Ag 2(Tier 1V, regulations and rules)e] &ej7} o} o] &3
TR 72 SO [EC oA AAst= A #F(Tier V, standards)©.
2 HZHEY. = IMOE Tier I, Tier I 2 Tier I(Tier IV7} Tler 15 W=

=S AEss S 2dela Ter IV 2 Tier VE IMO 2 ofue}

F2 AF 5 A AQAY Folth AAAY AF} gL HFE AEA
=T &

oAste] AdE A WA AR 2 .4u1e 7=
g =37]e] ofyn Adukekd ko] AREA 5A HF A4A

Sl 27 =
B8 AW 920 Jo ole od Fok AFe) RaFdon 7150
—_L
=]

<

o ko] Hzxo A7 2= FRAFoE Ao =N FFEe A

THRe AEA 2 AFAES MONA HSIES § Ao & # 2L

AAAG ATt 22 gt e HF AR AFH FAZEZTTAA A
A AdarE(Tier V)3 =AddEETier V) 7HS A&

IMO7} Ex9} 715 81S
ol A 7] BAH FLER 31ddA AT A VE
= 7

2)
°of FHES EF sliste

SHAZE o wEbA, FR7|N-EAAHE
(GBS-Deterministic)2 °o]#gt E 7}#] SAHE AYH o]l& FESH7] 9
3 29 Hske] GBS 207 R WHAAA TFZ TE AV

o]'
Z Auel Agsed f84e FANL 5 U9 Ao AZEn
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3.4.2 x4 71& - L] =(GBS-Generic)

=
b o
= =l A7 Al=EZE olFoiA . mAISAREdd 2=
=]

(POLAR Code) ¥ =A|7}2~

&4 I EHSC Code) &
“GBS-based SOLAS 2024” =

AA T SOLASE kS GBS 7Hte 2 AW /AR gl AEZA

AgAgAute] ok FE(GF Code)= GBS

B ATk 20139 IMO AHF-F4-2 SOLASH oF

A 2 FALS GAFT A LHAA~E FE=
LS

LSA Code), = AItd#z] =Z=(ISM Code), AL

P& 7o”11—1”4%% GBS Tier 4 7]%0.2 wl==

vl AT o] AFE vzl A H

N et

< 717 ATHIMO, 2013e).

=
) [-1/3-10 7#2& ¥E APL

GBSZ7IRE 7]&8] HAAH = A=k FAll
o

s 722 ‘1A

= 1{%%7] %fﬁ 712> o] duKE3H) A (Generic guidelines)-2- 20113 ol

Collection @ kmou

=
@)
c)
ﬂ)j
=
D
=
|
_L
=
iy
>{vﬂ
HN

e 23, 53

(Tier IV-V)9] &

GBSe 84E% g3 Jo(IMO, 2011a). IMO7}
o



P A&HE oz Aot ITHIMO, 2015a).

Goals
(tier 1)

Monitoring
of IMO
goal-based
standards

Functional requirements
(tier 11)

v

Verification of conformity
(tier I1)

4
A
GOAL-BASED STANDARDS
("Rules for Rules")

Rules and regulations

— for ships,
Monitoring of e.g. IMO requirements,
effectiveness | o classification rules,

of rules/ il

a relevant national
regulations

requirements
(tier V)

i

Industry practices and standards
(tier V)

DETAILED
REQUIREMENTS

GOAL-BASED STANDARDS FRAMEWORK

Fig. 9 Goal-based Standards framework (IMO, 2015a)
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= o]_ﬁ_i AR EZA Wy

< 7H4 }04 Aot WRol fla, o] %}
gzA4 mEg A disle] AEd  #AGe] FHAHHESF(minimum
safety leveD¥hS ZAstal Aute] MAETIE HAFEL g=TrRte =

AR S tE & st Zlolth

2) GBS-9+# 4= T H(GBS- Safety Level Approach: GBS-SLA)

SOLAS 1I-1/3-10 ++& 2] 4% GBS 7|+=do = B3l ok 4-=(safety
= O

leveDol FAA WAA o= YEh} 9A sholA @A) ekl

olg) HWEe AAmelE g +7) Yt

g = 9}71% A Aol = 24
Mol Utk &, Ao TR B4l Fueks GBS Ade) =9 =
48 nT ] THSAL RS AT olF TS AolA TR
AR GBSIIAE BEE ofhA 71& & AU/ AL HAF F&

3 s adste] BAE oA A

o8 Jle & AJD, 7ed =3
AL AJ7)E 51 B
(Hamann and Skjong, 2013). 2011%
A Gub7]E” oA oly3 FAES AsHY] A7 dE@npud)S =
ghetal A= L THIMO, 2011a).

GBS-SLACIA &= olgjdt EAMES FEst= 7A8= Mdstr] s g

}—A
rL
2
N
i
it
E
@)
D
o
(@p]
N
N
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i
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223715 Wl
H

E(risk-based methods)e A& g Hamann, 2013). SLA A
g 2370 HE

& AL ANLST Bxe) WAFefng FHs=n A

g9tk WA FSAE Faste] MO FAel Wz @Ale] dAFEA
A, oA 2 Bl e A 22 AR, g A was
o A rALFEFELS By, F& V5% gAradEsE N&EFH0Z A
A717] 97 NERENE BF BE P23 AojFue geldt.
FSA 92 %3 a78s a4 HdFEd 87He ST

(required safety level) ¥ RCOE ZAA3IH, o] HFF=3 RCOEL GBS
7% EE(Tier D 9 7158 7A4(Tier Do wig ATt RCOE F+3 FA
(Tier V)= AFEHTH =3 SLAAE 8237
7158 (Tier D9 Goal(Tier Dofl thet whEojfof 4 8 F2(Tier 1IV)
o] 752 A(Tier ) HEARE HS3o)

H

:
oz
o o
rh
o
S
>
ofo
ol
ok
£

ol#|gt GBS} SLAS #AIE ZtdstAl 8cokstd, GBS 7|z o=
IMO geFe] F=(Tier [ ~ Tier V)& Yt=& =403, SLA= AAE +4
o] IMO ¥ofollA B3 HEx% 2 #AH 7lead REe=AE AF38l7]
el g7 I ES Z &3tk zlo|th o]& GBS, FSA 3 GBS-SLA
o #AZ A%, GBS+ M | A% Aol 4 o
T-Z(structure)et A4S ohF= WA, FSAE 3 & A4S g1
3= A= W Eo|Y. uwelA GBS-SLAE FSA9Jr GBS¢] ZAgtelt}. Fig.
102 o]23+ GBS-SLA®} FSAS #AAE o7 HoFET

O
=1
ol
o
l-'l'.‘l

it
N

IMO= &4 IMO GBS-SLAS] 7juF 2 AL 93 AAXHL M =
ol &% W J Ho| $ALS ExE 3t YUHIMO, 2015h). °o]= MO
TAAAR ZZA| 2o AdojA GBSAA 39 SLA AE&S 93 GBS-SLA

HHES 7leS EHd T3 9tk Fig. 118 IMO A ZZ A 20
=

o=
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Future GBS-SLA-FSA _Processes for

specification of:

- risk thresholds
MSC & MEPC ‘ Safety Knob - cost criterion
\\/RCB\,' b S’”%NO—» g E
= T o . m .
= Safety level = HISK

_ J assessment
Tier | GOALS Develop using F-N
T Safety Level FSA !:SO.CI.etaI] a_nd
§ Develop individual risk

== Look after

- - Proposal for
Tier v E acceptable levels
in FSA guidelines

T

[ o Eff.\?> -,(f::'m — (based on MSC
L 72/16)
MSC 91/WP.g: Flowchart describing the SLA —For fatalities
and oil spill (non
framework (draft) static)

Fig. 10 GBS-SLA framework (Hamann, 2013)

A o] FHAEAHY Fo AFLS SLAS -"rLZéS’Jr FAFEY] TE
(Criteria, 75+ <HAGFF)o|th SLAS T+x+= “GBS 71&= /MEe $3%
AREA " oA A7 5 BAY 7IEEAS FEEA AREITHIMO,
2015a). &%k, v 2 FAE0l FUHA R ATHI A EH o &
o=z Ay ¢ItiLuo, 2015).

- AAFFY 7S Tier I 51 2 Tier 11 752 e] 2+ A

=
o =
Ao A3 o] SLAS Zh g thste] AT ZANA o F

:\9

rit
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Casualty data Risk madel/flcs:
principle model

e
inpu

[7
Safety knob
"o

B

FSA Step1
Hazard Identification
FSA Step2 Other appropriate
Risk Analysis Risk-based method
| |
W
I Current safety level |
‘J’ Social willingness and
I Committee I-(— acceptance of safety
lewvel

Step 1
[}
]
: FSAStepl
' Hazard Identification
' W
L}
. FSA Step2 Other equivalent
: Risk Analysis Risk-based method
' | ]
' ¥ involuemtl;nt.
: I Comnittee — Sub-Committee E
: (-
’ outpu
[}
[}
'
Step2 1
] input
'
: Detailed FSA
== cnteria(F-N curve, cost- Other equivalent
benefit, etc) Risk-based method
[ I
W
| Recommended RCOs |
g
I Sub-Committee |
output
Step 3

Fig. 11 IMO regulatory process using GBS—SLAIMO, 2015h)
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gk GBS-SLAC| wet olm] AAA ZF3x(Tier Do 7]soxd(Tier ID 1
g3 FEoly Z]ETier IV & V)] E84S AEHoEZ ZYHYS L
Z7] 8 WA AEEA ¥ Y2AEE AEstE A E vEEA
o} o]813 RYUHH FFos s uAel 2o Az, 3343, AL
FZAF G opx}Aba(near miss) EILA, gAY FEE AMEE EF A
TERIA B ol g2 E45 AMRSIES st Utk & A gEol
th3l x E(safety knob)e} #& 3 QA4AELS &5 MO #+AH AARAE
of oJaf F71H o=z golstA F¥FxA & + Aok

webA GBS-SLAE A &ste 4% Ao 3948 AsS &3 2ok =
o EmA 310 wAH/ATH ok
s7h A8 ise A&7 gek g FEFHLE 7
A9l AZ(verification) 75, 3% FAMNAL Lol Fr = -,—-|LF<4 7
o gel B i S 7HA 2

o
>
¥
o
pau)
(o
fu
fz
r o
v

3+, GBS-SLA(Tier [5-¥ Tier lI7}A]) AA7F ¢k g AL ofUm A
T2 AN Dl e WA AT Wo|th wEbA] tiREe Au
o] AAlE 3] P2 Juk AA7}F opet A 7] F(Tier V)oll 7]
slmg Hmoﬂfﬂ AR & H3E =YstAE ¥S slolth. 239
, GBS-S z9o} AFH o] FH3E J|FEL olE %A JE vt
wel SAQl A JERYG AAe fAXE IA F7HA T V)

J4e fEsl @ Bl

Lo

m{> 2 WO

Collection @ kmou



(“)Collection @ kmou



A4Z SATH AR A F8 AHA

L —
) By

3}

T8e AA

| —
) By

A 37 A

Fol ok o g

S|

| —
) By

3}

T4e AA

_‘l

A Fa2 e

%
—_

) A

i

S
yal

A R 2} ko

=90
=

Eah=

ol & AZFNM TF

el

)

—
o

A A 6

[e)
=

|

2]

o

=0

H

ZO

A

SOLAS#eF o] A

jol-

;OO

E

il

o

Hr

WHES A

78 A %

FSAT.

S|

2ol a7

T
3|

A

41 919 a s wef

i

—
o

i+
i

op

Az g3 Ao

ted <= Al

S|

[ A

S|

A d= okl

shelok @ 2

b Bl YN S

Al 3 A AuE R TER] 57

ol &%

71E9 AA

Gl

H

=

Aog AAZIH.

o] GBS-SLA® A

=
=

Collection @ kmou



g 4 Q)& FSA7} o] 8% a1, GBS-Generic®] 7% Al 2~El Qx| Yo & o) A
AbgEtE A FH7PEHER]D 71Esd nﬁé 7HFunctional Hazard
Assessment: FHA)®} =7|A]2~®lFA B 7HPreliminary  System  Safety
Assessment: PSSA)6.1.2H FX)E AT F Ut} o] oA tF&=

7HARD A S e P as gef WHE =2 otdjo Z dollA

Zo|l g-FU.

42 3t=do13d o713 AZEYAH oA

St g 7o) st ol A X} ATE O FH 2xEQ 3o T o]Fo
A Fute] glE olfr9t stedolAd dde Fado] taf 249l HH

SOLASg ek A7l AFsta 2Zst= Aure] Fx, Au], A|2H]
5 M Q4o tidk st=go]d &7, = od 8 A((safe component)=
TE OFI Jon, AL FFetdor st A o1, 5 HAE
f(safe operation) QAEE YR x3aal Ut =3, QAL ol F
T 8= ENto R = g = AbAo] s X HA 3|

gt oH Qg Zgo|rE Al A2t o 2 SOLASH eFol ISM

o

2
g &

oilense |

Code7} ==t ISM Code= SlAtel BAlol & yE A
I ARM o) A S Feke] 1A eF/u BeEd dAel 71917 kA

f2els EolaA sk 8ot

olgt st d e AZE A FHFAHLE 1A a1 A
A oAl BRSO, 914 2 4(Human Factors: HF)E 133k @ A(fitting
the job to the person)®} <& AU (Human Resources: HR)ol thdt oA
(fitting the person to the job)o.2 Yo & 4 QA tHSquire, 2004).
SOLASE ¢f& sl=9go] 2710 FE o] FX 4t dATH, &3 A EUA

3ol 5 oY 7hA eFeAETol WY By Yu, AN AS
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O BEefiAa glom Al2~" 3t EH%EP/] 533 & A4 (integration

o A ERAd 71%sn BEoRE Fss WY AFH FAROR

= okAe »A3r] 3 EtkPomeroy and Tomlinson, 2000).

3% Aubgn e A2 HFEAY AFALAAT 23S g2
oAM= I AlxgeA ek M-S @A 7= ofHTh HIFTTEA A
1 7158de U3 Ao NFHAY AT I A 2" HAdskA|
23 AA e AFoly AR A A e At Ao dle] B F 3l
= AL gals Aol Atk o] Aol AbaLe] fRldlelE BHE olAS AL
Al B of FHA 7L glaa BofE AHEEA ol gttt VeF
Behes AL AEAE g AAe] Hd(being designed-for-use)<= 93l
A7) = kAT FE 7] EF Z(technology-led)oll ol & UeEb = @A
= S AFA ZHOIA sh7] 93 AAETS] B F7F B Y
A7t o, olggt 7=l dojA e JHE= AUk 3o glojA <l
QR AN Augk PSS 7]t (Pomeroy and Tomlinson,
2000)

Z

] Gk A 2Ele O AFEA(usability) S 2R 9]

Z & 2Rz WA (topical modification) S Z3jA] <
A= Q7 7] 5 (human functioning)ol]l Xt} 2 F3tuA stozxn GAld
T g ey Alz"lo] thefA s WY HIFDA AT AlF
< Hriete O HAAAH S BRASE AFAA WS Hgsdn EAVF
ATE 1Hy B BE3E A2"H, 53 JRE 7jeo HE&S Fuisgh
751

Fol= olgd WAl H3ekA ¥tkPomeroy and Tomlimson, 2000).
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H
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=

7h glom wepa

E7HA"
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T

H

&

LA A A

& AA

2 Ax
s},
Ag

=

3

D

T= g3v]

]
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o

AAY AN =" AA A A

ol

2] AA 7}

=173

A(a hybrid human-technical constructions)=
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Bakg I Az"el A%, A3k A1AZE) Aol se] T 7hA
ZF8 8k F 2 AU NSRS 283 A W) UF WEA
B 42E 2xEgole] 80 BHyo st AEAA PHH S
o APsA gom, BEswMrIFe] Holok Btk o BEAW J1FS
FARE BE, 5ed D FHES T ARZRA LT gaa Bk o
Sl AUHAAY T Eohrh P2 Hohel @ AE Px Ane
2 47392

ol g3t Feddel FedA A Hrp|Ents Hx9% Vs =

= 9o 4R A (Principle-based  rules)e] 2 A o] tHIMO,
| 4= (ergonomic and human factors principles &
28 ZAAE olyel 11 kol zAlo]E HTbolE A RHESF kil B
, B AARE T2 sHedEEoA AojEojol ITH4.54d FHF)
(Pomeroy and Tomlinson, 2000; IMO, 2015g; IACS, 2000a; IACS, 2000b;
EU, 2005; 1SO, 2005).

44 BEFFE AN2H B A} A

. 4

ghile} o] 25 Adute] Ax"le @2 2E3) Ha B3 Js 2

Z~¥l(complex cyber systems)o.Z
Hozttt, ol & S0 FeA =" A Aute] oA o] Al A®(S3A4
ANzl I AdH sidHolH e} BRE £, §, ug, 24 =
Fd3h o3 Al AHEIZEY] AT o|EA, ZZF3Hfragmentation)e] 7}
Az Z1AIe] AZRIE#H |~ F7F Aol 7bs Al 2"l (cyber-enabled
system)2] HEE F7F 5 7S] EAEAY AAFHA EFE Hofo|

ik b 71Ee] S sl BEa vk

ml
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m2ka IMOE AT ¢Hd EAl(next generation of safety)24 Aluke]

AAN 2" AFZESJO]E A|FSHA thFojof dh oA Fo=H
IMOE o] #oke] WE 7|&d HE thgsta ol Alxglo= Qg
FAATIY HSE AALE WA= AAE vHT F S Aotk o] A
2 ¢kAgHg e “o]-yH]A o] H(e-navigation)” , “AutESE 3”7 B
LA FokdlA =27 ley IMO 2 9 0‘3“—1 8312 A9 glvta &
T JTHIMO, 2015g). ©] A& £ v ATEHIL B FHAEZAVE 44
W SOLASE¢Fe] Zz+E Ao ®e WstE 3% 4+ = AUv} SOLASH

ofo A o] AEL W FAE OHE HE&Eoks Aute AojAI2H, Ax
Edo FHEZFT H#  AFAAEA(Software Quality Assurance &
Human-Centred Design: SQA & HCD), dleo]E 2% X(data integrity), Alo]

B B ok(cyber security in cyber enabled systems) 5ol 2 4 St}

ol gk ofoll thk g o] AAYA L 43- A A3 vkt o] =
®7IRb7)E]l  Holof 3. = =9 SQA®t HCD= A&
(performance-based)o] ™ & 2=7]7HRisk-based) o] THIMO, 2015g). =, A
2" AFdE EE 9] AL, ddd gyz2=rt HriEH, B
A g2a s g AopekE At F87bsd FFY BlaA, 4
(quality) 2! A& (usability)s HAGst=E sk 80 HoloF FRISO,
2002; TACS, 2000a; IACS, 2000b). o] #-golA <AA Qo 1H(EH F
Z)E o] Fojx ok jt}. A B FA-A= gAY AA 9 9l =
A 2=(4.38 F2)E Y= Zlo] AFT Aol

E

71

A

4.5 A3 82

Far

A=k

ol
%0

214 8 ¢l(human element)e] Avke] bdo wjg- F83F JT&
= Ae A I Aol A4 A(Ocean Angend FHE-o

olol(BraenE Hxsh 2e W FAE AFFAe] Anpt A

12
e =
e}

b3

]
i

N

il
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T EER 5 ®T o N W w op N B
c_a ,Mh\ ‘ul " 9 . ué -— o ‘Ui S ‘Ui ‘Ui B ,m_H E
—~ <N . ,.W % X Y w — Et B = . AF
el @Y TR i g T w3
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F N E&wmE TN T A Qe ol CE-
#eIwa T W e wg o F
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ZT ‘~|rr ‘ul = ‘l‘ﬂ ~ OT| ﬂ o) % J &O % 1_.N0 ‘UI
Ty Rsy TEYE g BT T a o
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o R X m 4o B PE L ow N e AR
Y of . o M ol T o I do =W m o T Z o N =
TN o=k D T @M“f.wﬂ H%mﬂmg
0 _— < =) ©° - X o] & R L o=
E R T agymzﬂ T @ HmEE BFTH
KoM R g T i . ~ =
O R L B B fo B omow b S 2 oo
= 5 T NS o) o A4 Ym =B 3S 0
e N N o X R R I E o = W
S R T o) o W T op =oM% \
W 5 & F ®X WX o < (I BN

2 ohjel vz

BH

Q1 E] ¥ o] 2 (A ],

Fod Stk
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]

4 (human error)”
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_/\]
s “AA

o o
“?_]Z:}:ﬂ]—}:—:}_"i

SRy

L

fu

5t

[

77 M aeld] o5 B

EEEoR By EFE Q
=

s &

A
27} (organizational error)”’ 2] 71'd& 53

L
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- AN
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=

(inspectability, maintainability), 2} &

M, MUARE 2 ASE e
Programmable Electronic Systems: PES =
fault action list %), #j<

452 A8 vrg R E

Ho =2 A

4=
==

o] A

)

o

—_
o

715e] gkem IMO7F

—
o

o}
Ao

o
o
o

=]

9
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1 <l

°

g

o HEAP<]

Ea

2A)

3L

Z A 2~(Human Element Analysing Process: HEAP)2]

“MO TF+AHAA

3L

S|
&y

&

o
1l

8
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o
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D
IMOl| A 7id-=
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o] AR Yol AHA LS T3 FF HAYo] WU A
(MO, 2013f). HEAP& A
AR A AHQe T3] 9T AE&HA m=Fo|n IMOZF FHI

“mAel iR A dHeRle AAAeE uysly] A% FE” (Res.
£

> d
B
&
o

B& A & Gl ok o] EETE AR 2 S H T
d 4% 8 M Z2A|z0A4 R
A EojoF st o A ARRES A0 E Udsta Ut
(Fig.12 &=).

MEE A gk o] 6dAd AR AdF el vrFgAR AF HHS
SOLAS [I-27#9] Am/fs Al AFHul glom o] 25 A
B2 [-2/14, 15 2 16 F2o w5l

(o HE

2
2T oe TAA Wl FH, BVIE T AMSA 21 9
. AF7A MOSIA o] Wi Ee] Fys AGHEAE Tahgom ol
ARG FUE gl Aol

5) o] AL IMO7t 19974 A|AEH A850(20) Human Element Vision, Principles and Goals(4.5.3%
#Fz)dl wet MSC/Circ.878 Interim Guidelines for the Application of Human Element
Analysing Process(HEAP) to the IMO Rule making process( 20 Nov. 1998) 2 A& ZAAH L
2 USRS MSC/Circ.1022 Guidance on the use of Human Element Analysing
Process(HEAP) and Formal Safety Assessment(FSA) in the IMO Rule Making Process(16 May
2002) 2 A2 AHe] HYYA o] A& MSGMEPC.2/Circ.6 Amendment to the Guidance on
the use of Human Element Analysing Process(HEAP) and Formal Safety Assessment(FSA) in
the IMO Rule Making Process(MSC/Circ.1022)(16 Oct. 2006)E 7HAHATHE A5
MSC-MEPC.2/Circ.130] |t} o] #Aol|A] o] 9] Y-8 F "Guidance for the Application
of FSA to the IMO Rule making Process" HF#& ®IEHo WES A
Guidelines(MSC-MEPC.2/Circ.12, 3318 )& L=

6) 6@ 7% W-8(Fig. 12): Does the solution take into account the human element principles?
Does the solution address safeguards to avoid single person error? Does the solution address
slips, laps, mistakes & minimize violations? Does the solution address latent failures and
underlying factors? Man/machine interface is simple and easy to understand and operate?
Are the consequences and risks of human failures now acceptable?
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HEAP 2428 H3bol glo] 34 He] Zmow 712 Ay 7
2 AW e 2o PHES TEd B 5 9 Aol

Return issue to
originator for
re-definition or
re-consideration

Maritime Safety or
Environmental
Protection Issue

Dose the lssue pass
the IMO Resolations A 500
And 4777 Fileer?

Review all

areas affected

|Yes

/I‘echnlca / / Manning / / Training / /(anagemen‘/

Work

wmnment/

Mo

Does the

Issue need to be
\@ﬁne(}'?

Yes

Ne

Develog Solution
Amendment, revision or new
IMO instrument as appropriate

o understand and

Implement new or
revised IMO

instrument

Fig. 12 Human

Element Analysing Process flow chart(MO, 2013f)



D) A 19A: 25 9 7158719 FH(Ter I & I
AAL8RNE WMEs Hxe Ex ¥ 78 &9 e glor
wetA vlE A A GAR ST
) Al 22A: 7+ AA(Tier M && Tier 1V)
A& 8Rle wigo] ¢k A 7] AARE FAS IUE A8t HEAP
ZZH2E ol8sty YFS W ZE EoKTechnical, Manning,
7N

Training, Work Environmente] 57] £ohE HERA S 2j¥EH <l

Aol AL ¢3 A FAHOZE it} o] AP Jf
Ao HF AY Hdol 6dA o AH AHa FES "o He] A
=3}

2) GBS #+z& A&t & 7|8k A (principle-based regulations)®] 7l
o 9y

Ol

oJAL AA KRS IHT FABE AT o} dFaA H
AAMHF principles &  ergonomics)S &3] Pt
(principle-based rules)®] RE=+= Aot} o= F=2 vl #AlE =
(marine equipment)t} E-7gk Al ~®l(complex marine systems), 7]&
Egfolo] w8 AAe AT FAFR o= JACSAIA A=® WHolut
otz EAA o= FHEHI YA+ Fa JTHIACS, 2000a; TACS, 2000Db).

4383} 4.440A AG3 uiel Zo] o]z oo Wk 89 A8
22 A 7SS AdstA gon, F3T|Nbr|Ee] Hojof it whet
A, 7 71EE ATl 9ol 34
(GBS rule formulation structure)

g3l & 5 A= Aot

o
o~

d
of
ro
o} I oy

oxl 1o

=)

B
[

Ll
=~
14
e
v}
e
v}
o
k)
i
flo
o2
i
rfu
flo
k1

D A 13A: 2% 9 75249 FA(Tier I & 1)
e Fostn 23 BENE o AHEEe] FoUAR(EE,
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A o] o]
(assessment

=]
T

bel Al

S|

key ergonomic principles)s S#H3th EI

i

3

35

943

ISO

Azgel A 9

X

criteria)&

6385-1981(SO, 1981)¢] <

T ATUIACS, 2000a; IACS, 2000D).

EX(Tier 1IV)

) A 2&A:

=
i

]

7

71E

=R =]

AEHolx, =H,

-71A

s

|

o
(criteria), E|2~E Ax}, AZE-Al

2
gz
el

i

—~
o
NI

ASHFE4

Y F-& 2 (Task analysis)2

(Hierarchical Task Analysis: HTA)¥} 21 EH

3

4941 E ol gatel 4

o] X
=

@,

T8¢ AA(Tier 1IV)

3 A 3A:

Nfo

s 71E A

oju

i

(criteria)

=
i

71

stel 7

)= &3

Wo
i

p—

{Jo

<
te)

(ergonomic criteria:

=
LN

A2k ofue}

Rt
=

=i
=

Wl Al2Ele] A

A =

™

S|

3l oF

ojo

s
)

ARES

3L

s

shelelmol A 4 o] o] o

L=Ne}
o 1=
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gl ~=37dr wd(simplified risk-modeD)-&  a¢kste] kA A F(safety

hierarchy)& 1 A2®le] 1Ad @& F3o Ao we}l 718 e
& BRFS destd g2arpdt 2dS AR Y = ok o] A

= 9]
Z ZhelaE]o] &3 AlxEl H2 AEss 7Y sAd71aCdE)e]
A

7F H7rEla QA g3 S 2 Ao ¥ek(control measures)S 7
TEte] 8753 29 gaa, ZZ(quality) 2 AREA(usability)
= 3] = Flojok 3FHIMO, 2015g). &3], 275 =
7159 kAT A} AHAC]EZA A functional safety, IEC
61508), FAAFAE, 384, AHE8A, FAIRTAH F AFe FEH
tlolg o] F4d @ AREGe] F2)eo] &x, SO 27007 22 AbelH
FA9] 39 9 BAS Sk BFFA o ok 8x10] lojof Fr.

(4 Al 4A!: A Z(Tier 1D
SEAlNA ABE AL FedEe] Rt dHS WNFATIEAE

1GA A A NE3 A= H7lr)F=(assessment criteria)S AF&3e] A

Eaia=s
3) AA A A EA(Human Reliability Analysis: HRA)S F2|bAH 7 =2

2o H&E3sh= 7| H(FSA-HRA)
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1A A2 d(human reliability)o] &k Abgro] 57 AJ2®lo] @ 3t 3j <
T AZE Hell A&s] Fsta A2EY s AdATIE Al
Aol F#3 PAE sHA Fe AL Dok Aol IFo] FE&IHE
g By S HoluA F8IMssHA AU dskA] @e ARE 298 +
= HAEHE A== AdAFAA(human errone H7bstes 7P & S
R o] HRACJTHABS, 2000a). HRA® 2 A2k oAl AR&-317] 913
of e JgdE HeE AARL S AEsty, 1HFA AldgEdd 7)o
sk ZF 9o tiste] o7t A FHHe] BT FES HAFH(EE A

- Selection of Risk Scenario to Analyze(Identification of key tasks)
- Task Analysis of Key Tasks

- Human Error Identification

Determination of Error Likelihoods(Human Error Analysis & Human

Reliability Quantification)

Development of Error Reduction Strategy(Risk Control Options)

Documentation of Results”

- Integration with Risk Assessment

IMO9] thxEAQ MARIAFALY AFEFA FSA Z =AM 204 = HRA

S gz Z4F A4 ME ZEA| 20 AdF8AE TE F 9
=& 3 PHES 71EdiTa ATKIMO, 2015k). =, FSA WHES o7
= FSA A3 F5 14 #A3A4d< 913 FSA Ei/ﬂ]ifll 7t GAASA
- 3gAEE 1Faclo] AAHo= a:]g = w2 3ty Y8 &
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2015k); IMO, 2015D. o] FSA W EoA = @9 Aol = <kd 7
2 Y93AIGE F A SHA EAdoA e AL

ﬂJ
o
Og{::‘
do
Ll
k1
i)
gﬂ
b

28 (human hazard identification). A &3}tA 43
A

- W "9 =5 HAZID(Hazard Identification). X< ‘ﬂo“ﬂé E(HAZOP,
FMEA, Hazard Checklists, &)< ARg3lH F712 o gL
AYe] &Y F(main human tasks)E 2|E3}7] 4‘3}04 NS B
g 2 3}e] “High-level functional task analysis®S <=3).

- Ads FadF B sedFE TA4He M EGet of
activities) 2 7} s 9jol) dFH e 538 @ TXE. o] FYXrE
+ FSA =3 A =58 v d2Es4 295HH Tt A5 o
g HAAY AT g== ke o] Bd.

(2) 29A: g2 EARisk analysis). Q17 2Qlo] A]AHI9] olHo H&
g2=ag st #oFE 4Estal g2 FEd dFe e A
2 Priat) o]l2 Y& WA FadFo thdlk AR FE A (Detailed task
analysis)e FRIHAF7F 218 FHE dolA gAZEAS itst

o X
i)

=
A(potential human error: &2]%, AA2 ) &
t}. o]

2] 2 942l B4 (human error analysis)S <33k
‘Q_ o
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J

o} A& 7171 ) <12 3 8E(Human Error Probability: HEP)o] &+
He A5l doides A A s human error quantification)E <=

ste]of gt

g
0%

W g9 = HEPS A& & AAAAL AFH oS 7lsde= o
#2©2 THERP(Technique for Human Error Rate Prediction)2}
HEART(Human Error Assessment and Reduction Technique)”} 1Tt
HEART+= 54 33 dF 2 Ao dddFs nAs S484<
< 23y JAFHAAS WASy] AT g3 Ao FHremedial
risk control options)ell thek a2 HRE A 33ch
- AdE FadFol g Z4A83 o] TS0
28 A3 HEP |7Pd (A8 A, o] A#=-& FSA 29A oA 3}
B g g gokst A .

13

(3) 39A: gl2== Aoj4HRisk Control Options). 17+¢] /\]i“’c‘!ﬂr-‘l]
Zdezrgol Add gzad tig AojedeEe gotgt. o=
& g=a Ao gy ol A" 1A FUE £l 1A

o] M X& F3FS 7FAAIIH o] WAstE SAS AEAF I Ao}

8] AojFE(e] AoFHES FIAI=HE
o] #4844, & “technical/engineering subsystem” , “working envi-
ronment” , “personnel subsystem” % “organizational & management
subsystem” o] 471# Hofz EFHT)H
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e A= AR FSA A A= ¥ e 2R AuAF

ol#Al FSAel 4 wAE=R P dFadd ©izd HRAE

GBS-

SLA-FSA ®HE(3.4.24)9] 71&FAA F=(rule formulation structure)
z (o)

HA FARAHI7HESA) 3 A HRAE FAol 3335t IMO 717 ©]

Wzshs @AY dFERY, o9 2 B g dAY gre
ARG ololAl, t A Blmeke] WA bAEe MmEhy, &
& 7153 g 2as NEFHoR FaAT]7] e HLHIEL S B3 »
= Aoj5eS ghofstth. & FSA-HRA S8€ 53 275E A4

D

2

(©))

4

HE kA SF(required safety leve) @ RCOE Z2H
RCOEL GBS 7]=9 Hx(Tier D 2 7|52 d(Tier
HrgRtth. glaa Alojetke % JtA(Tier V)ol= AHEHT. 3

Y237 HHHES ALRE] 7|58 A (Tier D9 Goal(Tier Dol i3k 9+
Feob 74 2 32 (Tier IV)9] 758 d(Tier 1) HHEHARE HS53Hoh

-

Al 1A FSA-HRA F3& 53 Ao 24 2 I & =
#9] A (Tier D

A 2 @A FSA-HRAS] A 4=3(Step 1 & Step 22 &3 7|soA
(functional requirements with required safety level) <=%(Tier I

A 3GA: 78S WSk A (individual regulations/rules
with corresponding safety levels) =& (Tier IV)

A AGA: Y237 PHES ALY 759 d(Tier Do 5%
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(Tier Dol oigt TSR} 4 =D F2(Tier V)] 7]5 A (Tier

D Bl g 43

4.6 713 ¥FH7L

=7 A 9 %3 7} Y 3 (International Association of Impact Assessment: TAIA)
e F&FH7HImpact Assessment: [A)T H3Y == Aotd FXx 9] Az
A yHfuture consequence)® AT & 7]A] “Impact“® oW X7}
e wf dold B =47 HAMAA Fds WY dojd FFY A
ojolth. YAV BEE V2R WAH A Ui APS FOoEA
IMOY A5 AAle] fFAAAZZA Zo 3k T8I AL S FE
< F ATH

ol wAEA H —‘:—7}**711(3.2%4)01]A15 AHgBE ZEA 20l SOLAS
Hofol GBS AxzAxz7|FoA=E AFe F=1A /A Al o] Z=A2
5 2§t F astar JATHIMO, 2010b).

o)

A 3.3 CA OEF FSAE F= FATA L AfarEA AR IMO
o] 7+ 9 & 7HRegulatory Impact Assessment: RIA)o|t}. FSAOA+=
Aol oigk AW AtE WAl E IyHd ek Hl(generic ship type)] €
2ARAE AHESt] AlRdo] Jhedtth oleldt B o =m ofe o Int

= (generic modeD& H3k= Aol 7bsdtd I AW olHE
g doh &, FSAE siAekd F31& H3E f23E Frista
RCO®E #eol& EMshe Alzmldelal el Wl (Z2A )0t FSA
E OYd 71€3 249 ¢33 243t #3938 243 fstd A=
= AT BUEAY A AdE FEe vlasty] 9%
ETE AR 2 5 o ok Moo 2E Al o] BE A&7t
A AAA Z2A2E v =24 s Zelth mEbA, FSA= IMO<9)
e AR ZRA L HEsh] fk 2ol oy A Al ¥
— 65 —
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Fol Wle FUsAY 2 HEH, PF PP Zdsl He T
AAG ) A EHEE S Uk B 22AF FaAAGE Bane
ot T FAe Agsr BA WA @ W FEI 2Y

esd FEREY] MXFES AEE He X Holl wEA FA8 9
H7HRIAE FIES st o EUY S #HAXHIA7E &A%
(European Commission, 2009). IMOS] HJFAEAAME 3|d=o] AF2AE
A & wf 1 Ak g FFHL S 1 AQbe]l AR A
Hl &, #d HEZ, PAHZ FD(egislative and administrative burdens)<

HABt=E @3t JQTHIMO, 2015b). & o] g IMO A= & A

AAA YgAY FHHOR FEHAYL. WA A AGD AAPES B
gEc 5o AYEle] 2 ABAee Be AL AWy Ye A4

A MEE 7AY EY Ao dFFIE a8 A F AR
st= “HAMNEE A% TFEsE FH” (Structured Approach for the
Development of Regulations: SADR) Z2A| & wl#E sty IMOZE o] & 4l
7T 78 AY Al HE&st= IMO Axale| wgste] MO9Sl 78 A A}
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4ol tiMaritime Industry, 2014).
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olgt Z2AM 29 AYE A= IMOY T A -E xHregulatory
decision-making process) <, IMO<¢] HJFAZIMO, 2015D)= oHwistA] o
< ETE FAstAoF st FolEn o] A" JFAATE FF AN
A ZF dAme EeE S BAskr] 97 mAYSe] gy Eojok

4.7 YA RFO| B

HeFAkeo] A @ A(administrative requirements)e] & oj® A B} H o] H
5 A4, By 2 BASEE = 818 woly A FF(administrative
burden)el&t B2 FAWMESL IAAAL, A=sAY &Egl= P8
e EIHAMO, 2011b). Hefell= ol iR ooy A Hodo] o

e d ARSI B2 HEH

4ERste 3712 AAS0) B4A HAUTE 253 so] 3¢ o
Ae Asjsts a7 H7E S BEAA den i Agelt

IMOE Fgo] At o)A Akets A4 oo $lars A
#13+ ¥ 7k assessment for proposals for unplanned outputs

MEH, PP pe 3R BUSGEIE AESIES S o
e

N
N
ol
QL
T

53], IMO= 200958 E5¥zRkS T35t IMOESF 4 F3td 2z}

= Bua7 5 A X Hadministrative & legislative burdens)S 73 7+s}~7

)
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A ZFe AR T AlA S A 8H(World Maritime University)e] <t
3 ZbE MO #oF 4 32 563700 tisty] = AR, Agd ge
ARy, AAL LS dUE AES AASHY O Z9E ngoeR
13719 AAFIMO Ruggio] AxA +o &8, dxAF5A 9 T4 <
4, BE 9 Byuaxd a3, 7A3AAR A - A Ve HE
) o] =T IMOE AIAN 11970 weh P& Rahs
af IMO ¥eke] A Al aHsford dAS(HAH 2o g I3 F

RO, Au}, s &3]Ate] PAFRT AS 9 d2)S AE Foly F$F

IMO®] £1943] AdAF ol g o4 o]tHIMO, 2015n; IMO, 20150).

7) The IMO Assembly should adopt a resolution reaffirming the Organization’s commitment to
efficient regulation and ensure that the regulatory process systematically addresses the
problems of duplication, complexity, and lack of coherence and transparency
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A5 A AGATEA i 2= I}

olHT HHES A AgE WkoZ SOLASHE kol s 44 ¢
8 A(regulatory hazards)E ¥Fetstal vholrt dHEE 43 FJ/\EI_E
(assessment on regulatory risk of SOLAS)® 3= AL 12
olth. ol BIHE T3 EZAH FAFAHAA N i ZHALS AN
g F Jd& AR AZFETHABS, 2000d). 047]*115 wHiore AE7F A
@S TSt IMOlA 81l the AHEA == 7P ol A
& Folm FHolqrol thek 7H B AR xﬂizﬂ ls :

F9l FSAB.3E #=z)o| Zaauzo] wet Brlsts ATAGS A
a1} gk

1_.

A
m?L
+
X0,
o
Py

8) o] dAFolA AHgHE T8 HE 8N regulatory hazards)?t Tf
& AR AR e, A, 33, A8E A E, A%

o3 zejHe Ages 9 gras otk

AA g 223( regulatory risk)
Al 1HE F2 84 59

ol O-u
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51 53, ¥71dx % 71228

511 &34

AR ok g EBEuh &AL b FA A Aholistic  safety
regulatory regime)E B2 ZHUYES THE7] flsll, SOLASH kol ot
T84 g3 Brke O 2 FAAAGIE z2A S we St
ATk F, SAREA Eoke] HMEIE H
Az ol el Fo)al Al AR A o] A Al bSt
1A EE EAHog F£PHUT olHF AATAY] A ALk
°

N, A% R B

AC)

5.1.2 P71Ax(E 23 HI} Z2AM )

SOLASH kel that 4% #2a%s 7 ishe Aae e 22 FSA
Z2AsE BAS gou 2 BAME ALsE VW, 34 L)
MOlE o BAe DAl AAF FEOE WA £: Beskse] &
Bakgith. EF o] SwAS] 2 FHA 2 3

249 ohrgere] B4, TS wEE AR, Ad] AR A
o

Ae 2§ st

ik

LB 9 BbAAE et eaa BARe G

Collection @ kmou



g B4 At Aol a9 g3 E=(risk list)e 24

4) A 3GA
Aelel Bad g3 E Ny fg Beke Fobsta gl A
oj®ket g 2~E(RCO list)E AAdet).(5.2.3d =)

5 Al 42A
Ao gza Aopdtsel tiste] MR EA S AAEHA
=E]

W MRS YA G249 F2)

6) A S5E-A
HEFHoR AINHE ga AWt Zl2E 9 BRuXNE AT
t}.(5.2.54 #x)

513 A&7 A4 H f3s AA

GA FSA Z2 M| 228 HAE7F EES 93
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4) A 4zF gj2==3 AHHRCO) dtet 7l 91 =5(2016. 9. 13Y)
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D @3 SOLASH e 74 2 W&

AE7E 2FIA SOLASHete] F44 S| args dofsr] % 7%
Asg2A B8 £ Y52 WA AP SOLASHE A TF1 U= A
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sl T (IMO, 2014c; IMO, 2015m).
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2 127 AFdE 5H 84S OF AsSolth o9, EE AT Adq
2 32, JAAHZIHRO) Tl ALHE JE 24455 1, 9, 11-1, 11-2
2 13% oA T ot 53], BE AT HE&H= 2-2%87 389 74
%, SOLASE M= B Anje] HXed Ed 3 H(ship requirements)
TR o 2 ArlEe] g Vs FEdA EEE gFa ok
473 57e] A= /i Ane AR Aol ik AR EES Ao A
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Table 2 Structure of SOLAS Convention
= AL AEy& A Z=/E A Hl3
1988
. . - Protocol
1% YnkAlet okl Ae, AA T - HSSC A8}
kil
IS(E-9443)Code, Noise
Code, IGF Code,
_ it 5 = ZHRes.
Julk =z 33 Rolx
213 Az @;?5@4 Zf;]i;j ;J;E;Aﬁ:;fm 215(82) = 288(87),
o esbeT e R & =73t (Res.289(
87), PMA(Res.133(76),
GBS(Res.287(87)
2-2% az Wl AR 2 A48l #-W | FIP, FSS, IGF Code
3% TR g ez | P 2 EH FAEAE LSA Code
473 A5 FA5A Ade a4 B9 -
o gla)], EAlAH]
5% el A TR -
63 slE 2 dsfY IAEsLE, A=A, Grain Code, IMSBC
=% =E9 504 Code, CSS Code
IMDG Code, INF
(ks AFEY 25 2B gE) A EeS I Code, IBC Code, IBC
Code, IGC Code
8% AAEA AA=HA b H HH -
og | MOTEEVEL me e v ISM Code 1998 W5
. - . 1994 HSC Code 2000 | 19963 =&
10% | wsadel ebalzA vEL a4 HSC Code 200243 W&
] 9471887, As8 7AAL | RO Code, 2011 ESP -
— 3] 13l = °© °© d o
118'1 ;@fﬁﬁ j T A AT NS, s Ak Code, Casualty ;ggg; :Lg
v ZA} Investigation Code bl
11-2 B A= A B|AHFG A 2, .
Py ot £ 3 EL?_P% zé%a% ISPS Code 2004 &
1997 SOLAS
WA R | SEUN, T2, A Conf /Res 4 9 wE
12% F7hbEA AR 5 Res. MSC169(79) | 999 W&
Res. MSC.168(79)
ZAAE 9 -
133 | w5 A% T MO I Code 20164 25
AW &3 . . 5
143 S Autexd, diAEA 9w Polar Code 017d &a
' P ~
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SOLASE kS 1960 AA & A F7tA 7He MR & AlAd, 10 #
b N Ade 233t F 7539 NAHS AT SOLASE RS o] s o
Z1ZF FQtell AAA o] Mo MAES AXWA ABHAY MEE AE
o] A& FI7FEoEMN o] Yoko| Z+ A A= FAE oA} EAHAAF
o] EHa, BE HFTES o RE = 28 81, BAed ¢ Ay
o] deaid 5ol FEEH FE Fo EAEHAUN. wEkA, FFAA
& duA AdoAE 28I o2 T B EAAES AT L
Atk A, ol BEFT AL ARRAE 839 &S §oldA w9t
ofatzlel wi-g- FEA Fh dE 5o SOLASESF 84 F AF, =27,
Az, Aoyt o7 ¢, T To) E-E o' EAHTE Ao
|H = 24vs A3 FEsS7E w9 e AR otk ol=jk Higst
3 YA gle HAE SOLASH k] &5 ol AgS 714 & 8 o}
U, 74 R wE gofe] A&HAR] HAS Hed dF 5 4A
N & A VIESe] ZE Y EARES TAAG ol
g ZAAS 5 siEdstr] slsl @k 4d F7] HaAx T sfAke]
T E RO, o]AE] o] Fokol dAAdo]l A" HAY A AE
71Ee B3% £ 5 E3F dof 7AC e ZEA A AF
A= 2 & Aoz HITHIMO, 2015f; IMO, 2014b).

2) ¥3 SOLASE ool A9 8AIATHEY 3%

AR AFONA BEE7) % 12AREAN, B9 SOLASHeF] 74
3 AR 74 AGPPES] FREL BAT Table 3¢ A5G o
AN AR Y A PREY FRE 4014 Sebd FRAAY PHE
£2 tew 2ol oA BRIGon T
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Table 3 Rule-making approaches used in SOLAS

GBS @i-D Risk-based Approach (ii-2)
: Prescriptive Rules Operatio
3 |-&(Function) p(i) Determi SLA FSAD Alternative/ Simplified pnaI
nistic ([-1-b) | (i-2-a) Equivalent approach | standard
(ii-1-a) (ii-2-b) (i-2-0 .S
(ii-2-d
1% LI AA - - - - - -
3-104+ 5
5 o 4+t
_ nz F= 749, s W mE & 2
% mugow | BERE SE ey | - - vsClre1ziz | i
A7) 87), IGF e
dee MSC.1/Circ.1455
IGF 5
5 . 1773
_ } a=h i ==t - 3 ]
22| e ey | TR E R amy | 2 G| scicire 1002 - -
I spojmgh | MSC.L/Circ.1455
—10
5 38713
m 2] =1
| T °%ﬂax WA meaa @ code . { - MSC.1/Circ.1212 - -
e MSC.1/Circ.1455
4% T EAA N EEA 453 - / - - -
e, SAlAdn], wo . _ ECDIS7 _ _ _
B e = A3t
_ﬂzﬂ{\l—@, S}&, HB o po
o Tum BB d 1= Code | 4 _ _ _ _
N B o
% | duEes | BT R EE 0 - . _ } _
8 | XYM TA EEA = - = - - -
9% kel Qb3 2E 9 Code ISM
7z AA v - 4 ) - Code
Al £E 3 Code
10% SRS A - . - - - -
n-1 | sibAZss | 8 2 2E Code
s Egxx AA B B B B B B
12 | siFEIFSA 2% 2 Code
1 ZXA AA j j j j j j
2HA 8L EA o oom oo o
g | He s - - i - - -
%7}%%15%] @‘/]/‘ %_Zﬂ %_Zﬂ
138 | 50 oA 2EE A - - - - - -
143 SAY 2% £E 3 Code Polar . Polar _ _ B
Auk Qb A Code Code
* Notes:

1) FSA study: &A IMOIA 67] A& (General Cargo ship, LNG Carrier, Container shilp,
o

RoPax ship)oll thgt FSA A7} @etA 38 Fol

FG AN ] E4EAA 9 enavigation HH ZPoA FEE I 95

2) GBSSLA

e =9

=9 =

3) IGF Code Sec. 4.3°]4] Risk Assessment 4~3§-& 7}#)|8} 3
4) Inert Gas System X 8715 Chemical ¥ Product Tanker’dell Soi=-8 3t

= " I
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- 773 7]+(prescriptive regulations): i
&3 7%k 71%(Goal-based standards): ii-1
. Non-risk-based GBS(Deterministic GBS): ii-1-a
. Risk-based GBS(GBS-SLA): ii-1-b
- @ 23719 A [Risk-based Approach): ii-2
. FSA 3 & 1 Ao 7]zst AWE 84 7F: ii-2-a
. Alternative/equivalent design/approval(2]2== 7]%¥F GBS): ii-2-b
. Risk-based Safety Hierarchy(Simplified RBS): ii-2-c
. Risk-based Operational Standards(Risk-based survey/audit/quality system,
ISM-5): ii-2-d
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Table 4 Main factors for rule-making process used in SOLAS
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Table 5 List of regulatory hazards
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RCO9 A4t AAsAtt

o>‘

Table 9+ Table 8] 5% RCOEE 7+ “Hazid” ¥ “Risk rank” <}
Zol HoFa glow HEVF aFolA AAHS sl RCOE( “Proposed
RCOs” )& #7138 ZAeoltk. Z+ RCOE A AFA = =5 fFAAA 714
IMOo| 22 B2 #7]8A] &g},

=
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Table 8 Preliminary RCOs for expert examination

RCO

Rk

T84 7]s(Prescriptive regulation)

2] 2378k 14

Bl

gz==271gk A 57 A B eVl

B2

st gaa 7k

B3

g7 871%

D1

D2

D3

=
HE-ebx =4 2 H(GBS-SLA)

of sfho} B el Alo] Wk 3 PHE

A
stEdold aF AxEYold g4 A S uHFd FA FY

E37)4k - 43 7]4k (GBS-Principle-based) (RCO 12¢} &)

H1

HEA) A% s B9 1H5Y PuE

oA A 2 g 248 38 7Y £H THE

2231 A 2"l(Cyber Systems)e] A} SFH AL w#H3 74 FHHUHEE
(o]

H
Hadde e A e

1

HEAP(Human Element Analysing Process)

J2

Principle-basedRCO G#} &)

13

HRA(Human Reliability Analysis under FSA Process)

THIIRNE 5 9 Y PHE

YPRG A0S Dl FA5Y PYE

o= [e]

Self regulation (Best practice model, A, si&5% 52| #AA <kd7A)

=AHOR gojd 4 9

| O | Y| Oz | |wW
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-
e

C

1@ Kmou




Table 9 List of proposed RCOs for each Risk

Risk Rank
Function/ Hazard mloal| @ A Proposed Risk Control Actions
Component D = elevant RCO IDs)
p AR i
SOLAS 724 @ la AT T A (D1 or D2 or D3), Q
a4 O - b A 1| Al A (D1 or D2 or D3), E
- 1c-e AT Al A (D1 or D2 or D3), Q
2-la AT [| A (D1 or D2 or D3), E
a3 o1 | 2| A| A| N D1 or D2 or D3
7)== (Prescriptive
]Rffglrﬂatiorll)s) 2-1c AT [| A D1 or D2 or D3
©-1) 2-1d AlA ] AT Bl, (D1 or D2 or D3)
2-le A A Al A R
(B1 or B2 or B3), (D1 or D2 or D3),
2-2a AR T | [
E, G
2-2b A1 | C, (D2 or D3), E
A3 AATHEY 2-2¢ | A 1| 1] 1 D1 or D2 or D3
2AC-2) 2-2e—| 4| A | Al Bl
2-2f AT | | B2, B3
2-2¢ | AL LT 1 D3
StEAClE &A% | gop | 2l A AN F
AT EJH
2AG-2) 32 | =| A| Al A F
HZ 715549 3-33-3
275} thetA) I H2
A1 =
QAEE A 3-3c | A Al A H2
B AagE-y | 33| A T T H2
s
= 3-4a | A 1 1| A I
A 2El(Complex
Cyber Systems)el | 3-4b | | I | 1| A I
g A2
- =| A A [
gHeAGy | ST N
3-5a-5
Jael Bl a AT [ A J1 or J2G) or J3
il P | C
236-5 35d | | A| A| N J1 or J2G) or 13




Risk Rank
Function/ Hazard il ool @ & Proposed Risk Control Actions
Component D A 8 (Relevant RCO IDs)
3-5e | A| N| N J1 or J2(G) or J3
3-5f &

; | A| A| N J1 or J2(G) or J3
3-5g AT Al A J1 or JAG) or J3
3-5h A A A J1 or J2(G) or J3
3-5k Al A Al A J2(G) or J3

_ }

270 g5 B} 3-6a A Al 1 K
A3 27(3-6) 3_6fb_6 Al T Al T K
_ 3-Ta A1 Al 1 L

HATAN =234
9ga mge | S0 AL AL L
zdshe aa@-n | STC N N A L
3-7d AA T AL L
QLATFA 4a Z| N| N| A 0
NgFA & 4b A AT 0
) 4d | A N N 0
¢A7 & 52 s A | Al N P
{R371&9 FEG 5b A1 [ A P

5.2.4 H|&H EAA 42A)

A 4GA = A 3GANA FetE 7 RCO| Alsfel] A" H v &
S AEsta vwslE ZY(cost benefit analysis)olth. o] S & A&7}
%, 53] g3 37 $HE A7 2 #A3AR dErtsEddAe A 3
A ANA Fetd RCOE©l A7 HPAoew FEZF 1 Part IV “1-2 Cost
and Benefit of implementing RCOs” & 71xA5= A|F3F3AT

:\9

1) RCO9 & & g3 7HA Ay 4 (benefit analysis)

PERR=)
O =
AE7} 288 w4 9¥ (hazard evenh)E E |l RCOEE & &3} 2

— 100 —



GANA AGE H2aa BAS A AAFoEN gz gHa g
71 a-8A(effectiveness in reducing risk)2 73t} Table 100] 1 2

e Jehhac,

Table 10 Effectiveness of RCOs and Result of Risk Reduction

Original Revised
Proposed : .
Function/ HAZ. SI Risk Rank Actions SI BEER Rt
FI (Reduction)
Component D (Relevant I
Q| & A <l @% A RcODy | Q] #F A & A
) Al 3 A 3 t A 3 t A 3
(Dlor D2or Al N| N
la | 2 = s A 1] 1| A Z 8 8 %
$F| A pa | 2 T F e 6 a
Dlor D2 Al N[ N
SOLAS F4 | 1y | 2w s alal a4 PP 2 g g 2
2 HA O D), E @ m
(Dlor D2or Al N| N
lce | 2| 8 8 2 1| Al A Z 8 8 %
ce | 7| St 3 T T N s N P e Y
(Dlor D2or N| N| N
2-la | | A s A I 1] A = #| @ 3
8| Apay e 9. 2 M M e e o
< Dlor D2or A ~ ~ ~ N| N| N
FHA 2-1b Z| F| 8 F| A A N D3 st 3 3 & @l o o
7| i
1%(Prescript \ Dlor D2or | | | | | N| N| N
ive 2-1c | &| | & A& 1] 1] A - T = 3 @ o
Regulations)
(2_1)) 9-1d 2 2 - a3 A A | Bl, (D].Or - - - - N N N
Hosto§) 4 porpy | 0T F ) @ o
N| N| N
2-le | 8| 3| 3 A Al Al A R & & & =
e FosH s A FHoosH s F ol o o
(Blor B2or
B3), (Dlor N| N| N
_ A ] = oA = =| =| sz
e T B I B I I O e e
E, G
. c, 02 N| N| N
23 oon | 2| 2| 2 4 1 a1 CPT L4 g 2
SLATFA D3), E 3] 3 3
A (2-2) Dlor D2or o o1 o1 | N N| N
2-2¢ | F| F| F| A 1] 1] 1 s 3 8 3
o I e I D3 A I A e e
N| N| N
2-2¢ | 8| B F| A A A I Bl s & 3§ s
oo #) A A A e e
2-2f | #| | =| A| 1| 1| 1| B2 B3 s s & % N| N| N
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Original Revised
Proposed : .
Function/ HAZ. SI Risk Rank Actions SI CAR R@k
FI (Reduction)
Component D (Relevant I
al & A ?l%*}RCO]DS) A @ A | d # A
A 3 b4 D [ | A 3 | 3
3 3 3
‘ Nl N N
2-2¢ | | = | A 1| 1| 1| D3 LI I PN PN
e N| N| N
SEAE s | 3| x| @ % A AN F 2| 2| &
QAT A= @ @ O
aa@y | FEE E A A A E FEET 000
HF % 3% | | | _ oL L N NN
zye ad | 3 | o S| SpA 0 s e FOF N g o e
4 tadAd
AlsA8A o o NI NN
33c | 2| 2| 2| 2| A A A W = s 8 s
@g ey I O g o
M A Al N| N
WE-y | 38| FLoF F A I H S I B P e e
. N| N| N
BARF A D 3ga | g g s ¥ 1A F 7 S @
&l(Complex 3 A @
Cyber N N N
Systemg)el | 3740 | F| F) St A LA Bt T I B P B
g3t A2 Nl Nl N
HAAAGD | 34c | Z| Z| 3| | A A N I = s s =
AG-49 c| T | s = =| s 38 3 ol o o
3-5a Jlor N| N| N
= 2| 8| A 1 1 s st s =
s | 5% M A oo s | M T F el @ o
. Jlor o ol o1 o1 NI NI N
354 ) F) % s B A A e | O N ol o o
I N Jlor o ol o1 o1 NI NI N
amag | o F H M T A NN poen | T T a0 o
#4 3-5f = = a| =| A a Jlor I I - NI N| N
236D | i | ¢ ¢ N J2Gor J3 o @ ©
J1 or N| N| N
35g | 2| o o 4| 1 A Y R R
g | F| st o A ooz | M T F el o o
Jlor N| N| N
- s 8| s A s 8 3 =
S A U R oo | T F ol o o
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Original Revised
Proposed - "
Function/ | HAZ. I Risk Rank | Actions S SIS L
FI (Reduction)
Component D (Relevant I
al & A ?l%"}RCO]DS) d @ A d @ A
) Al 3 A 3 t A 3 t A 3
N| N| N
- s 3| & A 3 3 & F
35k | s s s ) A AL A J2G0r B3| s s s F
N| N| N
FAe g | 36a | F| & & | I A I K & s @& @) a o @
7t A o TN
271(3-6) - = 5 AHl AR 3] 3] 3] 5
S B I B B L B B B e e
N| N| N
37a | F| S | & 1] A I L s o8 = = o o @
FATAe @ @ (
z3E ‘ _ Al N| A
37 | =| 8| = & 1 A 1 L z 8 = =
457 RN M F O o 0 o
e N| N| N
sgae | S7c| s s F| & N N A L 3 st s 3
Zashe R N A A T O Y
2A3-7
N| N| N
3-7d | & & =| 2| A Al I L s & s 3
S A A O e
N| N| A
4 a| 8| 2| =| N"N©waA 0 s s = =
R e ot 2% 0 o o
FAFARe
%ig * S| s N N| N| A
NFA R | 4b | 3 S | A AL AL 0 s & | = o o o
12 C))
N| N| N
4 | F| 3| F F| A NN O s & st 3§
Fo o E Host = ol o o
N| N| N
z3 5 A4 s s A AN p = = & =
ddjgst | o) A ) FECN M 0 o o
74719 TN
FEO A A B Ak 2 oz ozl =
S I IR B I B O A B O B R Y
* Notes:

Risk ranki= RCO A4 ¥ Table 6914 A3 glxaddE 2 83lo] Al4bE MAH Risk level S

F A (effectiveness of RCOs)3taL Jom B3RS b= g2 49| ZF(Result of Risk

Reduction)& YepdTh g]23 FAZA T Risk Reduction Index: RRI)E T3} Zo] T3 33Tk

- 0: Risk 747} gl 7% =& RCO 28 A HE Risk levelo] N(Negligible)?! 7-¢-o]th

- 1: A(ALARP)*I4 N(Negligible) 0.2 HAH 7f-olthF F87Fs & FEolA FAT F s
FEOF MAE A9)

- 2: I(Intolerable)°ll 4] A(ALARP)Z W73¥ 7Z-¢-o]thF RCOS| 28 FZo] axzom A
g3 $E0] F87Fs @ FEOE wobrl A9-9)

- 3: I(Intolerable) A1 N(Negligible) ©.& ¥ ¥ A--o]thZ RCO A& & 7P¢ & 23
e vERd A-9-9)

u
3

mN

1=

iihd
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2) RCO ¥ "8 (cost analysis)
F 258 F HAZ ZF RCO B2 Aldof] A8FHE v&S 438}
7F E4& fs = 1, Part IVe] “1-2 Cost and Benefit of
5 7IZARE A FsEATh
047]*1 29 5= HES glolZAtolF g o ® A Ested x7|WE, A
g0

FARFH L T go] mEYT. oleld v Thew o

4%/
ol
2

implementing RCOs”

Al¥]

_

- 7 AR BEIMO, BF, AF T 8 ARASAA 2AEHE &
HE): AR g% s AL 2 ¥E, Y A EUEE A
Ay 1A FAERS HEGAL 4R 3 AA, AA, S
YUEE H§)

- 8 A WS F, 2AL, Az, AR, ek A8, A
T APAEANA === s
Asl Eol7be Al Hgom 279 A, Az g AXH & A
ko] & A L Y AlEFAS] mSEIES el 2 3 &3, &

2= A8l o Soi7be FAlES HlE-

@ o oﬂ

Table 12+ ©|# 3 B84 ZAIE RCO H(H7|E HAZIDEFH= 34
R)Z Yeld Fo| Table 109] ¢ (hazard eventh® 23 T4 2
F}Risk Reduction Index: RRDE Zo] RojFo 24 RCOE A£QFH+= H&
7 HolS o] v £ YEE Utk Table 125 ZAg o] QoA
182 4(Cost Index: CD& Tha3 o] A3t tHTable 1. o] = 2zt
RCO H&E FAHAAGN & AP go] 9y ThefstEg A FZHQ ALkol
o FuE HEVEY 4 HIME 93] BHFHA vlEoR JHAHEa
S FYPFEE AT
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Table 11 Definition of Cost Index(CI)

Cost Index matrix and Cost region

izati TR A S H] &
Cost Categorization FAA A R mplementation
(Rule making
TARAAR LT APH& cosh) Cost Index)

A | 71ERR 100% 233t =7}
Z | 7]1& ¥89 50% Z3sle =7}
3 712 n]€3 "0 ~ 50%)

* Notes:

Cost Index Matrixe= T Al 714 d¥ oz 7.

-3 99 24 34 AYoRE (7f 302 EAY
*J, %Mmi FHlgo] F W& st F7ke

-2 99 A FARYGO R IV} 22 FAHE E9
+7 “&H]%Ol shilE sty F7HEE A9

-1 03 D AARA (G2 7} 12 FAEE XUAABTG Al Hlge x3fo| F+3}, 33}, sh+

2 A9 Hgo| 7|EF HISSAY 27 F .

- jﬂ; rr rlr

Table 12 Cost-benefit analysis for RCOs

Original
Effecti fa
Risk Rank ectiveness Cost
RCO Hazard Risk Reduction
Categor Total
D D A #| A Index(RRD 2 0
| A 5 =2 = Cost(Cost
QA | 373 | A3 ) Index: CD
A3 XY
2-1d A A | 1 1 3 = 3 3
Bl 2-2a [ [ [ 3 3 3 = 3 3
2-2e A A | 1 1 3 = 3 3
B 2-2a | | | 3 3 3 ?} = 1
2-2f | | | 3 3 3 3} = 1
B3 2-2a I I I 3 3 3 X3 f} 1
2-2f | | | 3 3 3 = 3} 1
C 2-2b | | | 3 3 3 = 3} 1
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Cost

Total
Cost(Cost
Index: CD

Category

T3

Ak

T3

A7

Effectiveness*

Risk Reduction

Index(RRD

A

87

AzE

Original
Risk Rank

—_— — o~ —

Hazard
D

la

1b
1c-e

2-1a
2-1b
2-1c
2-1d
2-2a
2-2¢C
la

1b
1c-e

2-1a
2-1b
2-1c

2-1d
2-2a
2-2b
2-2¢C
la

1b
1c-e

2-1a
2-1b
2-1c
2-1d
2-2a
2-2b
2-2¢C
2-2g
1b
2-1a
2-2a

RCO
D

D1

D2

D3
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Original
Effectiveness*
Rick Ronk ectiveness Cost
RCO | Hazard Risk Reduction Categor Total
D D ol | & | A Index(RRD i y
bl I o Cost(Cost
Azt | 374 A3 B Index: CD
AR | AP
35
) 513(:’ A A A 1 1 1 = % 3
Al A Al 1 1 g 3
3-5k ° i :
K 36a | I | A | I | 3 1 3 % st 1
3-6b6f | 1 | A | 1 | 3 1 3 % &t 1
37a | I | A | 1 3 1 3 % &t 1
Lo r A n 2 e e !
37 N | N | A o0 | 1| & | & 1
3-7d | A | A LT A3 | F | e !
0 o | A AT 2w | s !
P 55 | ALN|[ N[ L [1 o0 | | & !
20T D O 0 O S 5 T T G I . !
Q la L A2 3l | & | & 1
lc-e I A A 2 1 1 3t st 1
R | 2le | A AJAPT T 2] & | 3 !

Table 103} Table 1294 ®5%o] RCO Ag ¥ g3 4F(risk level)
o] & F£8&7}% 3 FF(Acceptable) o]3tZ HWojx Z+ RCOE©C] wj$-
ARAYE BAE ol F= g3 A FIED7E RokAl= &
of 711tk 53], #AARE Al F8 1nEAEEC tid RCOES A
AT g3 4 235 Yt UTh

o

H & ZdHoAE Zg7bky oA A 2 59 ZEAAE Je
RCOEB1, D2, D3, G, H2, [, 12, J3) A< AAH L A =HolA
olAo] Hl &S st Ao Z YEyth & RCO & 2% d3

23} vl Hlgo] 2eHE Ao Yehgoh
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5.2.5 AIARHA 52A)

GAAA S 93 HAsHRecommendations: What actions are worth
-while to take? Recommendation for decision making)S A 4g-A oA Al
)3t SOLASECF AA U Az AFH g2=3 55 =°]7] 98 RCO

=9 HlE&HY 24 dHE 7|xE AAHHAT

o
I

- Table 1094 RCO ALHe] Hx9 = 4%(Original Risk Rank)
o] I(Intolerable Risk)Ql 4% all"d RCOE 4Q.= & HIEd F#glol
Adsidn. o)A Ag® RCOE B, B2, B3, C, DI, D2, D3, E, G,
H2, I, J1, ]2, 13, K, L, O, P, Q& =% 197}¢|lt}. o] RCOE < DI,
D2, D3 12 J1, 12, 13= o] 7He] ojWlES 7w sl RCOCIARE
ol 7o) AL oRE MY FAC|EE BF YT

- Table 10914 RCO H-gHo] Hzxe |23 <original risk rank)o]
A(ALARP Risk)?l - sld RCOE Al 4THA|e] vl &HA B ARE u)
gog Attt &, glaa A=aE e vls vgo] HHC 3 oY)
sl 285A = RCOE sttt o]#EA Ad¥ RCO= F$t R=
T 270tk ok ROTE: Alg H2h IMO7F A8k W 2o x|t
IBC Code®} o] wi-¢- A1 Z-¢RF A& o]e] AnAl A8
SOLAS® ¢F 172 mAler Aol we} JfAsteofgt 7hsstng d4d
ol Y= AoE HFHo HFHOE A9ttt

- 109 —

Collection @ kmou



RCO

el

EESE M

Z(GBS-SLA)

AP aso wot B gxIA of

37HFSA)

E3x71W 774 (Goal-based Regulations)

gl

2

Al o
= L

+
- AAE (GBS - Deterministic)

=AW E871E
E % 7]¥F Auk7]|Z=(GBS - Generic)

g3z giA [S7F A

s
i

vl

ol

e
oju
N
o

o
2 714k (GBS - Principle-based)

¥l

l=dold QA7 AZEYOA &

3|

No.

Bl

B2

B3
D1
D2
D3

Table 13 RCOs Recommended for further consideration as regulatory process

HEAP
Principle-based
HRA

110 —

o

-

=379 -

oA

FAFA) ABFA 2 A o

H1

H2
1
J2
13




zq(plrescriptive Regulation)-&

1) SOLASH o] BHAoz x3d 84
| & b 7182 A5RH &% 19

AT BrAE AKHL
& FAAY PHESORE v A ok

2) 2t A9 RCO= Bt &84 g3 74 2 AHdAYA +#384
zHYYS FAHAESS] S8 Al Bs =d" FH(grouping
RCOs into practical regulatory framework options)® A ¢] =ojof &
Zolth, d & 59 dukioke] Aol A5 (DI+F+H1+1+KI+L)
= (D2+F+H1+J1HKHL) =+ (D3+ F+HI+J3+L) A& & 4 it} o]
2k Al 6FA MER AR AEY ZHdYgS A wf
& st 2 Foth.

~:|.1

3) ER/|MHD)L TIat] fREe] RCOSS %7 74 ML A B
2 757 £ AL AHk sz Pz 7|Fd vlE AA
&27b o =Rt 2y Fed 74 BEY] deMe w=
A Zad o, W olgd FAo FYHT YA FIFT 74

MR S5E @ASA Wb Holth
H RARA B $ABDS B MA fALL A F/HA7
5 %M}Q—M FRe NG 5 Y=
Moz AMA EE SEA Ade =9
2AYA 5 AWATLY] F7HE st HEHA 2

I
r{rfjuﬁ_a
oo
oHo X

m
o
o
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ok Tol Ao R ALty AT HEAgo R Fjof gt

5 TAIFHNMKE FHAH Z2AAE AA FEE AR Ho

doE glon 4kdA
g ol ?Eﬂ‘g}ﬂ‘)r £ SNW t‘é%@ e 2dste 4% 48
& Fa7t vk GBS-SLADI)®] -+ AA| Z2ZA| 204 FSAE 2
3] AAstER dERrte 9EE JQ glth

6) 71} #2378t &871EB)Y A5 #H volHe FHIF A
Hojok gt #A IMO, XA “;-l Ae oA 2% dolge 3
2 &85 93 A7 2 A2E F5E st JoBERE o3 Ax
o] & &5 Al =S of o2l #AHS AAst &3

o 74 G B8R S/ Zloln ek okl

iy
N
P
m}i_,
oxl
i)
rid
=
oxl
Lo
:x:‘
oxl
>
2
ofo
ol

e HEFORA GG LA AT Aol
D AE AFA 4 SUTHEEDS @4 BE W BARofA
PR e F9 AL
|=]
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A6 7 HALATE AR 2d

g3 BJrt AHAILADE

Hegow IFs SH/\}‘?HJ Aol AL7Hsstal g H ol ARgo] Hels)

= THHA FBAA
ZdY9 2@ (New Holistic Regulatory Framework Model for Maritime
Safety Regulations)= A AlstaAr sty o]l = A5 7]¥H < H(Performance
-based Approach)& At&3le 2ZA FAHAAY AAZA sHARIAF4 2
A gholZAtolF Bt AAA AALLE #H A4S AE F AA,
MNA, A&, A5 2 EYUEP] A% Zed9y Zd=E os3 o] A
Siaah=3

6.1 AILATA AR A ZHLY =4

6.1.1 3jAF AAFAY AAED FHE

MZE SARRIAFA A Z2AH e A 5% gl23 F3rke] AuAE
of w2l A, 4 Ao WHE SHA
Standards)e] 7] Z=A S nlgoE F
BET o ZEAZ A st Wz JEsdt. eA =,
2 a]l, 9EHt 5 A AR Al Fo& aHARES AYsts
7b As7lat e dA(TiendE & & =S stk o] Al =
dRde] AFEFS E=4F oz dHstr] 9fsl Fig. 133 Zo] sjARet

o

2 % md THES Awsq
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s Al 2 1%E X Framework Model (- ‘4= 7|8
]
I I [ l

GBS-Deterministic GBS-Generic GBS-SLA

GBS - Principle-Based™*

¥

* ~GBS- Cha3HE 2|2
= IO QFEG R 2 S o= G
- FSA =
- Q1% OIS FSA-HRA
oy k 4 * ) A
_ B ==
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Fig. 13 New Regulatory Development Framework Model for Maritime Safety Regulations
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Table 14 Application of methodologies employed in the New Regulatory

Framework Model
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Table 15 Example of areas(functions) for maritime safety Conventions

i A
B AF o ol e Aurz, FHANC15E .7
(3H 71%)
FHES
FE 2D
AFe| A
(AR D
Maneuverability
Seakeeping
performance
Stability &
Floatability
Emergency control
Habitability
Power generation
Pre-abandonment(lifesaving preparation):
Facility, appliances, stowage, maintenance,
Lifesaving training/drill
appliances Abandonment: .....
Post-abandonment(detection)....
Post-rescue(retrieval): .....
Fire protection
Watertight
At 2 integrity
Safety of
navigation
Communication
capability
Cargo handling
Design:  Structural strength, Fatigue life, Residual
strength, Protection against corrosion, Structural
redundancy, Watertight & weathertight integrity,
Ship structure Human elemept consideratio_ns, Design transparency
Construction: Construction quality, survey)
In-service considerations: Survey & maintenance,
structural accessibility
Recycling considerations: ship recycling
Propulsion
Other systems
AL EA|
(A3A&J D)
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integrity), Abe]l®¥ B ¢HCyber Security in cyber enabled systems) o] & oo}
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Part Il #| 394 23 AFd #4A A=

A3 GAE Y2=aE AASAY ZdaA77] AT A g2a Ao iy 55
(List of Preliminary Risk Control Measures)2 ZAsh= 2Fd QU tiHow can matter
be improved? Identification of Risk control options - regulatory systems or
alternatives). ©ol& #lal ¢afFol F7He AEVFSAAIE A 297 g2 B4 A
Zeel Baw ok AFoHMEQHA A7t A/NEUT v Table 12 3% 4
oA A AR A8 E vlg o Z AA4E A RCMES(Rule making methodologies/
approaches and considerations) Utk HE7F5-2 o] RCOE s HE F HIME
AA AAlstal 3712 RCO A1 S 93 BEJ2ER AAS ZtsUth

Table 1 Preliminary RCMs for expert examination

RCO Ul& Reference
A THH A 7] Z(Prescriptive regulation) 3.14
g =379 4
Bl | g2=Z7|bk A [57F AA 2 SU7E 3.2.24
B2 | ©<=3td g3 7|8k 1A 3.2.24
B3 | gzzvdt &&7]F 3.2.34
C 32 k7 3 7HFSA) 3.34d
= 3% 7] ¥k A (Goal-based Regulations)
D1 | 5379 - A4 2(GBS - Deterministic) 3.4.14
D Ipp | =mxs]ul 2ur]2(GBS - Generio 3.4.24
D3 | Z3E7]Wk-Qbd 44 2 (GBS-SLA) 3.4.34
E AP 84 gof 9 glam Ao Wk Y WHE 4.14
sSlee 3| 3 MES 3| 3| o) %] 8. S al
P i}wfﬂoﬂ. 8139 AZENF g9 A& dFE nHI A8 404
T
2®7)a - 9% 7]9k (GBS-
G d 12« 4.34
Pr1nc1ple—based) (RCO 129t 5Y)
o [HL A5 )5 05 349 459 de 434
H2 | oA 24 9 52 848 183 4 8 UHE 4.34
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B335k A2=®l(Cyber Systems)d] Al k8-S w3 A THY
[ me 4.44
AA QS 1HT FATH PHE
] J1 | HEAP(Human Element Analysing Process) 4524
J2 | Principle-basedRCO G ) 4524
J3 HRA(Human Reliability Analysis under FSA Process) 4524
K TALFE7HE 53 748 o9 PHE 4.64
PART AS 1HT AT H PHE 4.74

Self regulation (Best practice model, A&, |5 S| =A <

M AR BAFA 2 HA81S oA AL FAax | 223
HAEs T a3 FAH 48S EUbs]

TA A o= Y (A7) BAPoZ UG AHEAFS]

= b2 23 A Ao &g v
N | '3 SAA A 9 t 237

i
=1
ol
4
ok, it

ot Al 2 = 183 4 TR &
0 P2 ANY7hsA gr. Aur dx g 9 AH dd" 34 | 264
2 ARAA 9 HHAR] FeAES] @zt 289
P HHFAR AT A 1HT A8 FH 2.74
JFFAL 49 F7] HEE AT YHE (B 7AHY MAH W
AE BT 78 AR FE A D FAHY a5 A 1A
Q a3 MO WHE ALE 5.1.44
EZ¢ AAY e A Tol mE @A SOLAS foFe] Rzg&
25 &4 A= XF.
2) Res. 4
R TFA e 714& S2dxH(Accelerated Acceptance Procedure?)? & of SOLAS
Conferenc
e, 1994

2) RESOLUTION 4 OF THE CONFERENCE OF CONTRACTING GOVERNMENTS TO THE INTERNATIONAL
CONVENTION FOR THE SAFETY OF LIFE AT SEA, 1974 ADOPTED ON 24 MAY 1994, ACCELERATED
TACIT ACCEPTANCE PROCEDURE UNDER THE 1974 SOLAS CONVENTION IN EXCEPTIONAL
CIRCUMSTANCES
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PART IV A 497 ¥ gWIEH #d A=

A AGA = A 3GEAANA "et"El ZF RCOY A3 #AHE Hx v LS 2H3E}
3 HwdE FgddyYth(How much cost?, How much better? Cost Benefit

(effectiveness) Analysis( Assessment, evaluation)). ©]S %3 RCO¥E H]-&He] H A
= AAdstA HUth ol& fsll, |3l #Uiek AEbEd A= Al 3EA A et

g sAng A

Bl | A A GAVE oAz5YRh

¥ RCO #l2EVI &/ME YUY t2 Table 2+ 383 43 oA AR XA A8E
Hieto 2 2= A RCORCO AEWHE = A 39A oA Ietd RCO g 2E F=x)
W ol ggele] Ui BE Myoln AEIE -4 RCO W ® gAY B4L AP 7%
Az ATH AYUth 1S Holo Hm A wwide Aol FEA PR
Table 2 Cost and Benefit of implementing RCOs
Cost of Implementing RCOs Benefit of Implementing
RCO L. vl
and anticipated problems RCOs
g7 14
(THEAD A AR Y | arwe Agsed 5 awe sgR
7VEe FUHEQ HEVE E8 ) ) N
. olgk thAl HAol tha &F | A T I
stTh(F7F AB AT E2) _
4% aRFgl AA 2 HE  Holus
oA AA 2 S AAHelm
<< W A AA A, 78
2 A 7IEdd viE) 74 N2L 7129 U = | 2 ALs
B Aol B Azt 20", A ClET mEE el e e
21 Aol (Ao At
_7:5]

sEANA AA WP D). AA #H s

AFsh zaag Ame Aep| ) 0 G R S A A HRAL,
B 2799 A=
DA D FAaA A ek
Hurt WEn ERHos m
ghx|ojof gt
A A ARRE BE =T
(toohe] BEsa, wAteim,
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SAE 5
(GBS Tiers)

TRAAY HH

Options for Regulatory Process for Performance-based Regulations

GBS-Deterministic

GBS-Generic

GBS-SLA

GBS-th A/57+

g 237)d-g4=3}

R o =

T8 53 AR .
KR E 34d & -Generic|eo ckdFEE 24 ;gzifini;z;t -GBS-Generic =+
ofel et EHx | -AAHEZH FH. Guidelines, FHA, | -GBS-SLA Aa g GBS- SLA w2 A
2 ¢kH4F A | -Conventional Ship | PSSA®l ¢ =8 | Guidelines, L5 . B AL
. . -Novel type shipel] _
A, SOLAS & o A& -Conventional Ship | & <¢HAFZ0 uwh e “Z1AA, AZEY
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