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Safety is ...

O “freedom from danger” — Ox/ord Dictionary

O "a perceived quality that determines to what extent the
management, engineering and operation of a system is free
of danger to life, property and environment” - C Kuo

Flamm vivyy

Environment of
Maritime Safety
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Risk is ...

0 “effect of uncertainty on objectives”
0 “the combination of the frequency and the severity
of consequence” - IMO FSA Guidelines
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Safety and Risk (ISO/IEC Guide 51)

O
L
O

No absolute safety, relatively safe with residual risk

Safety is defined as “freedom from unacceptable risk”
Safety is achieved by reducing risk to a ‘tolerable level’

(tolerable risk)

‘Tolerable risk’ is achieved by the iterative process of risk
assessment (risk analysis and risk evaluation) and risk

reduction .

) Definition of
intended use and reasonably
foreseeable misuse

Hazard Identification

l

Risk estimation
(probability/consequence)

Risk analysis

Risk assessment

Risk Reduction

Risk evaluation

Is tolerable
isk achieved?

Yes

Iterative process of risk assessment and risk reduction

Initial risk
'

Design

Inherently safe design

Protective devices

Information for safety

}

Remaining risk after design

Operation

Additional protective devices

Training

Personal protective devices

Organization

v
Residual risk

Priority of Risk reduction
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Risk-Based Approach(RBA) is

[0 a systematic, logical, and comprehensive tool
to assess risks for the purpose of increasing
safety in the life-cycle of a system(s)

Risk-Based
Rules & Regulations

gy

Risk-Based
Operation

RBA

Risk-Based <:I
Design (Risk-Based Approaches)

Environmental

e Human factors

Technical Factors
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RBA in the Maritime Industry

Safety Cases (UK Health and Safety Executive, 1992)

Risk-Based Decision-Making System (UscG 2000)
Interim Guidelines for WIG craft MO MSC/Circ.1054)

Alternative Design and Arrangements
IMO MSC/Circ.1002, MSC. 1/Circ.1212)

IMO FSA (MO MSC/Circ.1023-MEPC/Circ.392, 2001)
GBS/SLA-based

Goal-based requlations (being developed)
B Revision of the Polar Code

Revision of LSA

Revision of damage stability code, SOLAS 2009
New generation of intact stability

OO0 oOoOooOoaog
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 IMO GBS (Goal-Based Standards)

O A new regulatory framework for the design and

O

construction of new ships “for safe, secure, efficient and
environmentally sound shipping”

IMO Resolution A.944(23), The Strategic Plan of the

Organization

Monitoring
of IMO
goal-based
standards

Goals
(Tier 1)

Functional requirements
(Tier 1)

Monitoring of
effectiveness
of rules/
regulations

A

“erification of conformity
(Tier 1)

GOAL-BASED STANDARDS
("Rules for Rules")

GBS framework (MSC 89/wp.7)

Rules for ships,
e.g.. IMO requiraments.
classification rules,

relevant national
requirements
(Tier IV)

!

Industry standards and practices
(Tier V)

DETAILED
REQUIREMENTS
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X Holistic GBS framework

Safety of
passengers
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X Long-term Vision of IMO GBS

Regulatory Framework (Today) Regulatory Framework (Tomorrow)

ILO ILO

GBS framework

goals and funct. requ.
/( procedures
e prescriptive elements of

regional regulations \i regional regulations

national regulations national requlations
dare
referred

class rules class rules
\(/ﬁ

-

industry standards industry standards

Source: Sames, 2009
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Approaches to Fulfilling GBS

—
|——]

~

Goal-Based Standards

(Goals, Objectives, Functional Requirements, Verification procedures, ...)

N

Source: SAFEDOR, 2008
K®RDI s indfcegn Ereineerine ;
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Bre:Isz;wn II Verification Bre:Izikown ﬁ Verification

Prescriptive Risk-based Risk-B.ased Risk-Based

Regulations & Rules Regulations & Rules Design Approval
Design ﬁ Approval Design ﬁApproval




RBD(Risk-based Design) is

[0 a new methodology integrating probabilistic /
risk-based approaches in the design and approval
processes (for beyond regulations)

= Safety is one additional quantified design objective along
traditional objectives such as speed and cargo capacity

= Risk is used as measure to evaluate effectiveness of design
alternatives with respect to safety and environmental protection

/\
e IMO mission statement Goal-based regime to
O ——\ motivate for more
@) / GBS Goals innovation on board
E 7 \ individual ships

Functional Requirements

Non-mandatory standards [Source: Juhl (2009)]

K\ RDI Maritime and Ocean Engineering 13
Research Institute



% High-level RBD Framework (“SAFEDOR")

SHIP DESIGN SAFETY ASSESSMENT PROCEDURE
—
Perform:ilnce < Design safety goals
EXpeCtatIOIlS Functional requirements / preferences
(i) !
: . Identification of hazards
Requlrements and P
Constraints ~ Identification of possible design solutions
¢ (focus on preventing accidents)
__(iii)
- A . - Identification of critical functions. systems
Shlp functions and [< and relevant key safety parameters
performances K - —1
safely / Identification of critical/design scenarios
__(iv) ¢ performance (flooding, fire, system failure, etc)
ystems, fimess for purpose~._| Risk Analysis
components, easibility \4 B How probable? How serious?
hardware (Level of detail depends on design stage)
} i Design
(deSlgll solutions) |bres Decision- Risk Assessment
i Implementation of risk control measures
(V) t costs making corresponds with risk acceptance/
Eval . £ shi p i evaluation criteria (focus on mitigating
valuation of ship Z/ technical companyy/society consequences of accidents)
performance performance | values, preference.

Integrated Design Environment
[Software Platform]
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% Approval Process for RBD (MSC 86/5/3)

_— e e e = = = = — g

Design documents
Design preview

Rules Crrmertional
N | a| oval
challenged? .

Statement with a
conditions

Review of specific analysis

Definition of detailed
requirements

Review of approval tests &
analysis resuits

isk-based Design . - : Approva
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Challenges in Shipbuilding

0 Very time consuming

Difficulties at pre-contractual stage
(new contractual relationships needed)

]

(] Huc?e amount of information to be shared quickly
and effectively

[0 Lacks of supporting tools

(Some tools are still expensive, inaccurate, difficult to use, not
fully validated)

Familiarity with the new methodology and approval
rocess among stakeholders
Including suppliers and sub-contractors)

Acceptance of the results by other Flags, Classes

[

1O

= More systematic / standardized approach
/s necessary.
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Standardization for RBD

[0 Establishment of systematic / structured processes
(from the shipbuilder’'s perspective)

[0 Development of methodologies and tools for
verification of safety requirements
[0 Development of recommended practices for

applications
STTTIMO T e
. (GBS/SLA) - "t
Ty T Y
............. RBA/RBD
« Shipbuildin \
""""" > Iﬁdustry J Je-TTT

- -
<o _ -
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Objectives of Standards

[
[
[

To provide practicable design tools
To clearly define requirements for relevant tasks

To reduce the need for company / project
specifications

To improve the HSE continuously

To maximize the reference to recognized codes
and standards

= Tools for ensuring ‘quality’ and ‘efficiency’
in design for safety
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Approaches to RBD Standards

Base Documents

(normative/

informative)
= IMO Conventions
» Rules/regulations
» Industry standards
- International
(ISOJIEC, ..)
- National
- De-facto
= Others

Standardization

Establishment of general
requirement of RBA/RBD
for ships/systems

A4

N

Development of methods
and tools for
implementation

\

Application of RBA/RBD
methodology and tools

Standards(possible)

General Guidelines incl.

» terminology

* process

= evaluation criteria

= documentations, etc.

Detail Guidance for:

= risk models

» cost-benefit analysis
= other risk assessment
techniques and tools

Recommended practices
for RBA/RBD
applications
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Related Standards

O IMO MSC/Circ.1023—MEPC/Circ.392
(Guidelines for Formal Safety Assessment (FSA) for use in the
IMOQO rule-making process)

O IMO MSC/Circ.1002, MSC.1/Circ.1212
(Guidelines on alternative design and arrangements)
O ISO/IEC 31000:2009
(Risk management - Principles and guidelines)
O ISO/IEC 31010:2009
(Risk management - Risk assessment techniques)
0 ISO/IEC Guide 51:2002
(Safety aspects-Guidelines for their use in standards)
O ISO 12100:2010
(Safety of machinery —General principles for design - Risk
assessment and risk reduction)
O IEC 61508:2010
(Functional safety of electrical/electronic/programmable
electronic safety-related systems)
u

Maritime and Ocean Engineering
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% ISO 31000 Risk management

a) Creates value

b) Integral part of
organizational processes

c) Part of decision making

d) Explicitly addresses
uncertainty

e) Systematic, structured
and timely

f) Based on the best
available information

g) Tailored

h) Takes human and
cultural factors into
account

i) Transparent and inclusive

j) Dynamic, iterative and
responsive to change

k) Facilitates continual
improvement and
enhancement of the
organization

Principles
(Clause 3)

Mandate

and

commitment (4.2)

{

Design of
framework

for managing risk
(4.3) \

Continual
improvement
of the
framework
(4.6)

Implementing
risk

management
(4.4)

Monitoring
and review
of the
framework
(4.5)

Framework
(Clause 4)

Communication and consultation (5.2)

h 4

Establishing the context
(5.3)

Risk assessment|(5.4)

A

Y

Risk identification (5.4.2) l<

h 4

Risk analysis (5.4.3) I:

v

Risk evaluation (5.4.4) I:

=<
Risk treatment (5.5)

|<_..

Monitoring and review (5.6)

Process
(Clause 5)

Risk management principles, framework and process

= [EC/ISO 31010:2009 Risk management - Risk assessment techniques
= ISO/IEC Guide 73 Risk management - Vocabulary - Guidelines for use in standards

K®ORD
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% IMO FSA, as a tool for RBD

® Definition of safety
goals /objectives,

Definition of Goals,
Systems, Operations

‘H dld# o functional requirements
azar i"“ tcation ® Establishment of

verification scheme and
evaluation criteria ....

‘ Scenario definition ‘

‘ ]
v v \ S~
Cause and Frequency Consequence \ RN =~ ~
> X R < \ N ~
Analysis Analysis \ AN b
\
‘ ‘ - \\ hY
i =~ \
Sa ' IMO mission statement
Risk Summation \ \
Y \ 1
\ 1 1
\ . Goa\-based Standards
Options to Options to . \
decrease mitigate \ - . - . PR
Frequencies Consequences Goals,\\objectwes. fun\cgonal requirements, principles
\
Cost Benefit Risk \,: Srificati }i’& Verificati i .
erification breakd erification =
Assessment breakdown N L 2 3
N ~ = (=8
4#; \\ ~ — — 4 1‘(‘1
: Prescriptive regulations _ Risk-hased 9 3
Reporting S regulations 4 @
and rules and rules = a
@ &
n e
Process of IMO FSA (IACS) | &
Degign Apprnval Design Approval \/7
Traditional ship MNovel ship Risk-based ship
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% IEC 61508 Functional Safety

PART 1

| PART 5

Developmentof the overall safety requirements
(scope, hazard and risk analysis)

PART 2 I_ | PART 3
m—-

Risk based approachesto the development
of the safety integrity requirements

IEFEaIIE’sEalinn phasie fc:; Realisation phase for
te
si:mm T | o safety-rs ufnuetala[mde Guidelines for the
applicationofpart2and 3| PART 7

Installation and commissioning and safety validation of and measures

E/E/PE safety-related systems

4 EN W
PART 1 ! 2262 | 80128 ¥ (CIEE
Operation and maintenance modification and retrofit, I IEc

de:ammlssmnmI; or disposalof ! 61511
E/E/PE safety-related systems . | - z
unctiona IEC

\IEC 61508) |} | ‘

Safety | .ciauoacone T‘m
. . : g 16I2E3%4

Technical Requirements of IEC 61508 0
, | Others|

(Expedia, 2006)

Overview of techniques

1SO 26262

EN 50128,EN 50129
IEC 62278, IEC 62279

4B MACHINERY.

f,,\ ) 1SO 13849. IEC 62061 : Safety of machinery

43 PROCESS INDUSTRY.

[ ) IEC 61511 : Functional safety — Safety

B instrumented systems for the process industry
NUCLEAR.
IEC61513, IEC60880
MEDICAL
IEC 62304 : Medical device software
=C 60601 : Medic m ctrical Equipm
OTHERS.
IEC60730, IEC66336 .
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Summary

[0 Safety is a key design factor of ships and must be
assured in design phase.

[0 RBA/RBD is one of the most reasonable means to
assure the life-cycle safety of ships

[0 More R&D are needed for Industry:
B Processes
B Technologies & tools

[0 Consideration for the development of industry
standards for RBD:

m At ISO/TC8
B With collaborations amongst stakeholders
(shipping / shipbuilding / classification societies, etc.)
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Workshop on RBA/RBD

[1 Purpose:
B To share information about the RBA/RBD technologies in

the maritime industry
B To develop the NP for ISO standards on RBD for ship
safety

[0 Date: March 8-9, 2012
[0 Place: Busan, Korea

[0 Agenda (tentative):
B RBA applications in the maritime industry (focused on
FSA/GBS)
B Reviews on RBD (principles, process and tools and

examples)
B Industry standards for RBA/RBD
B Draft NP for RBA/RBD (for discussion)

Maritime and Ocean Engineering
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Thank you.

by Jongkap Lee, Maritime & Ocean Engineering Research Institute (MOERI), KORDI.
Tel : +82-42-866-3411, Fax : +82-42-866-3419, E-mail: jklee@moeri.re.kr
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