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Introduction Trends to System Safety
- Safetyis 1 Conventonal I Hew
« «freedom from danger” - Oxford Dictionary - Regctive - Proaciive
= «g percelved gualtty that determines to what extent the manage Prescrintive Goal-seting
ment, engineering and operatlon of a system Is free of dangsr Regulation Seli-reguiation
to Hife, property and environment - C. Auo Determinlstic Erohahl ok

Conformance-based < Performance~based

Compuisory Safety-cuiture

Disciplinary-orlented {secnonall Integrated {totall
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Maritime Systems Safety
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Batlonal
[scientific/cost-benefit analysis)
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[subjective/emaotional/politicall

Approaches to Pﬁaritlme Svstem Safetv

. Rule-based (deterministicl aDDmacn
.+ Bisk-hased (probabilistic] anproach
 Performance-based (Simulation Based] approach

Perfect desion

First-principing design

compotitiveness

Bulas-based design

{Safer EURORO.2003]
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IMO Regulations for Ship Safety tas of 2004]

Ship Safety 1 SOLAS Convention 74 H Protocol 78. Protocol 88

- Stockholm Agreement 96
—| LOAD LINES Convention 66  Protecol 88 ]
—LTONNAGE Convention 6 |
| COLREG Convention 72 ]
-1 CSC_Convention 72 - Amendment 93
+{ §FV Convention 77 H protocol 93 ]
[ SAR Convention 79
-{ TP Agreement 71 H Protocol 73 ]
—{ INMARSAT Convention 76 }-{ Amendment 94. Amendment 98
—i INMARSAT 0A 76

Human { STCW Convention 78 |

Factors STGW-F Convention 95
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Risk Based Methodology

Risk Is
“A combination of probabiiity (P] and conseguence [C) ¢

R=PXC
[ [ ‘———T—-{ Pour Business Process 1
:

“Lass of Control” |

- Domalns of Risk
= Gost
+ Schedule

> Safety

# Legal
« Political

“Loss of Assets™ [

Basics of Risks
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Risk Assessment andReductIon Process
- -

[ Defen of
Torescoutio misusy

Hazard Identification

Risk estimation

)
Risk Reduction
Risk evaluation
s
izk achieved:

Yes

Risk analysis

Risk assessment

[ISONEC Guide31, 1999]
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Risk Reducthn Pr ecede‘n’p&e

> HAZOP (Hazard and Operabliity studies)

Initial risk ‘
inharently safe design - What-If Analysis
Design Protective devices .; FTA (Fault Tree Analysis)
Information for safe : ETA (Event Tree Analysis]
Bisk remaining asier deslan - FECA (Fallure Modes Effects and Criticality Analysls)
i .. RCT (Risk Contribution Tree}
Racitional “’;’r:{";':;‘"’ devices .2 Influence Diagram
Oneration Parsanal protective devices
Organization
=
Resldual risk
KGORDI K®&RDI
Limitations of RBA -
/: Problem Definitlon
roblem Definiion Safety Assessment
> Generlc model

.+ ldentification of hazards and risk analysis
= Analysis of data : ambiguous, insufficient, not proactive, ..
« Use of accldent data vs. modeling
 Risk control options and cost benefit analysis
+ Interaction of RCOs
= Glarity on defining RCOs
= Risk acceptance criteria
.: Presentation of the resuits
. Management Issues
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in Maritime Systems Engineering

Introduction to Marltime Systems
SA Framework for Maritime Sustems
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Introduction to Maritime Systems

K

SA Framework for Maritime Systams

«A structured process and methodologles for establishing
the GBS for the new type of ships, based on:

Sysiems Engineering principles

Risk~based methodology
fodeling and Simulation Tools
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SE Process

| System
Analyals ] Auwlvsls &

a ~ Gontrol
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Safety Assessment on SE PFOGESS‘
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FHA (Functional Hazard Assessment) FHA work sheet (Example)
’ To eStabllSh me safew Gblecﬂves Control System “mw:;; Collision 3voiding
i Me_tllﬂ_ﬂﬂ]ﬂglﬁ_s_: 1| Lowofcontrol c(rlli\iuuM/Iigm(;mmﬂﬂe n|amin;;l x:.‘“
1) identification of all craft and system functions; : i, |oison s e __ e w0
2) identification and description of faliure conditions associated s TR | S am faiitin catasteophic w0
w|th these mncugns; 4 ake-off | sutal toss & fatalitics jcatastrophic w0
3) Determination of the effects of the fallure condition; 2
4) Ciassification of faflure condition effects;
5] Asslgnment of safety oblectives/probabllity requirements; and
6) Identification of means of compliance
KORDI KWORDY
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Risk Model in RCT (Risk Contribution Tree)
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. Sea Worthiness [Buoyancy, Stability, ...)

Structural Integrity [Materlals, Sub~tivision, Damage Control, .)
Accommodation and Escape Measure
Control Systems {Dirsctional/Attitude/Altitude]

: ng systems fooring / Anchoring/ Towing /Berthing)
Fire safety [Structural fire protectlon/Detection/Fighting, .1
Life-saving appliance and arrangeiment
Hachinery
Awgdliary systems
flemote control, Alarm and Safety Systems
Hlectrical Installations
Havigational Equipment
Radlo communication

. Operating compariment layout
Aerogynamic Stabllization Systems
Handling, Gontrollabliity and Performance
Operational Provislons

Inspection & Maintenance Provislons, ...

PSSA [Prel. System Safety Assessment)

i Purpose of the Process
- To establish the safety requirements for systems & components

Analysis Technlgues:
Fauit Tree Analysls [FTA)
- Faliure Modes Effects and Critically Analysis (FMECA)
+ Fallure Modes and Effects Summary [FREIES)
« Zonal Hazard Analysls (ZHA)

KSSRDL »

Risk Assessment Process In PSSA

tem Definition
ey

(™1_Frequency Analysis

Verlfication/Velidation

KERDI

SSA [System Safety Assessment]

: Purpose of the process
Verify the safety requirements defined In FHA and PSSA are
satisfled

: Methodologles:
Modeling & Stmulations
- Demonstrations
Performance trials
Deadship test
Test for operational compartmant functionality

KWDRD! 2
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Simulation Based Safety ASSGSSIH&U??OOIS

Product Modeling Structural Safety Analysis |

~Structural Integrity
~Damage propagation

~Geometric Model
- Loading and damaged conditions

P N

Motion Prediction

~Various Wave Conditions
—~ Damaged Conditions

{ Survivability Analysis

~Emersgency Response
based on Knowledge Base

KORD1

SIS (Safety Management System)

Ensure the accepiable safety level through life-cycle

: Gertifled Safety Management System linked with Risi—
based Engineering process

o HEASUQ -

) .
Safety 5

Managemeny

System .

. L
" onaanizE

Hezerd Identification

Risk Assessment r—

Risk Raduction -

\ Emergoncy
Proparedness

[—

KORDI

Summary

.+ Maritime Systems: ~Sysism of Systams®
One~-of-a kind / Multi-functional / Large scale / ...

: SA Framework for Maridme Systems
+ Risk-Based Approach
~ Based on SE Principles

- Supporting Tools
« MBSE [Model Based Systems Englneering)
+ M&S for verlfication/valldation
« PLN [Product Lfe~cycle Management)

KABDRDY
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