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Historical Risk (Maritime Accidents)

u
Risk to Human Life . m ¢ =Nz
No. Fatalities
Herald of Free March 1987 Rapid Capsize, 193
‘24[1 - Enterprise high list

I ! Scandinavian Star  April 1990 Fire, Toxic Smoke 158

bk ‘ﬁ

Moby Prince April 1991 Fire 140
ERSpes  Estonia Sept 1994 Rapid Capsize, 852
s high list
Samina Express Sept 2000 Collision, 82
Flooding, Sinking
Al Salam 98 Feb 2006 Fire, Flooding, 1,002
Capsize
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Containing Risk Today (HLR) D 1 H-

SOLAS
]

Minimum standards
Statistical average

Historical risk

]

Compliance with Rules/regulations
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Design Today: Rules-Based Design | [loH =N

@ Safety Rules

Experience, Talent! Available Knowledge

Requirements

Concept

Design Studies

Final Concept
Design Solution

Proportions and ‘ Powering and propulsion
Ti m e preliminary powering ‘ rrrrr gement
C on traCt Lines and body plan \ \' Il tructure arrangement

Design Tools

rvival gapaility Tim, intact stability

Hydrostatics and General arrangement
hull shape Hull arrangement and
c freeboard
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Design Today: Rules-Based Design ;| p ¢ mmm™==

Does it work?

Last modified: SAFEDOR-P-5.1.2-2005-06-10-GL-working-meeting Page 9 Seifaty Fhroijclf Vs
A Safeaty througn Innovation

Safety Level in Rules is Unknown! =/ [ & Bm=NZZ

2-Comp standard: Lower Likelihood x Severity??
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B/5 Bulkhead

e
=

...............

Pitfalls of Rules-Based Design O IEhH-

Treating safety as a constraint (rule compliance)
implies that meeting safety expectations cost-
effectively is left to chance.

Incompatibility of design and performance
evaluation tools, time limitations, lack of an
integrated design environment; all hinder design
optimisation in the design process.

Lack of a formal optimisation process also implies
that life-cycle issues (future costs / earning
potential) are not being taken “explicitly” into
account in design decision-making.
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Use a Goal-setting Approach n| (¢ =N

Design solutions developed to meet “safety goals” (beyond
rules) along side other design goals

Innovation
potential

Functionality

Performance

Safety rules

“Be
Design
Design Solutions Space
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Provide Feedback on Life-Cycle Issues Ol ChH-

Ship Life Cycle
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Routine Use of First-Principles Tools = [ ¢ [l = N::

Knowledge

Assigned about the ship

Costs

Freedom to make changes
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Routine Use of First-Principles Tools =/ [ ¢ [l = N::

A |
I Knowledge
| Increased about the ship
knowledge
Decision making shift I I
: Freedom to make changes
|
|
|
|

Concept Design
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Risk-Based Design n|[ [ o =N e

Safety
Objectives

Additional
Functional Requirements
Design Criteria

Concept

Design Studies

Experience, Talent!

Verification
of “Safety Performance”

i Proportions and i
Tl me preliminary powering
Contract Lines and body plar . o
by First-Principles

Hydrostatics and TOOIS

hull shape
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Risk-Based Ship Design Principles =/ [ ¢ [l = NZ:

* Adoption of a formalised procedure to
measure safety consistently
(risk analysis / risk assessment / risk
management)

» Integration of such procedure in the design
process (integrated design environment)

» Flexibility to allow trade-offs between Costs,
Earnings, Performance and Safety (Risk)
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RBD High-Level Framework O EhH-

SHIP DESIGN SAFETY ASSESSMENT PROCEDURE
— Design safety goal
esign safety goals
Performa_nce Definition of design safety goals/objectives
Expectations and functional requirements / preferences
_ (i)

Requirements and

. Identification of hazards
Constraints -

Identification of possible design solutions

(iii) (focus on accident prevention)
Ship functions and Identification of critical functions, systems and
performance criteria | +—relevant key safety parameters
\ safety //
. performance Identification of critical/design scenarios
_ (iv) A (flooding, fire, system failure, etc)
Systems, components, ﬁmessm\
hardware feasibility Risk Analysis

| How probable? How serious?

(design solution)
A

Design (Level of detail depends on design stage)
theti L
aestedes Decision-
i Risk Assessment
makin e Sy
| (v) h 4 oSE aking Implementation of risk control measures

. . i (focus on preventing occurrence of accidents)
Evaluation of Shlp % technical company/society
performance performance values, preferences

Integrated Design Environment
[Software Platform]
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RBD and Innovation u [ o= Nz:

Low

Nothing new or unusual

Well understood issues Codes & Standards
Established practice SAFETY RULES

Uncertainty/deviation from . .
standard practice. Possible Engineering
safety trade-offs. Economic judgement
and lifecycle implications.

High
Novel or/challenging
concepts. Large

uncertainties. Significant
safety trade-offs.

First-principles
RISK ASSESSMENT
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Hypothetical Cruise Ship ol TAF-

Principal Particulars

Length 270 m
Breadth 355 m
Draught 8.3 m
Displacement 56,500 tonnes
Metacentric Height 235m
Number of persons 2,300
Required Index of Subdivision, R 0.8
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Aft peak bulkhead Machinery space bulkhead Coliision bulkhead

\ \

New requirements for Minor damage concept (still deterministic) for passenger
double bottom vessels, but no specific requirements on location of watertight
subdivision. Required index to be met

A>R




Platform Optimisation

Basis Ship Specification
R=0.8
v
_ Optimisa_tion
Modelling

NAPA

u [ =N 2

Design Variables

- Height of Fb. deck

- No., position and
height of bulkheads

- Double hull
Objectives/Constraints
- Maximum payload
-A2R

A4

y

parametric model

Layout Parametric

Model Input

Optimisation
Problem Setup

~1,30 designs

- ale +in-house -2l
g \\IM

9 Acceptable
Designs

Design Filtering
Outcome

(A20.8)

Consultation |
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FRONTIER

88|

-

Page27  Szfaiy throughn Innovzaiion

Platform Optimisation
Version 1: A=0.8

=] (ol =N 2

m\ P S S S A S S S S ‘I;!m s .FL AR ‘I:‘Iﬂ:‘ B S S o j,n il
0ttt ﬁ\
N N 1
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Risk Model OB EhH-

er(N): ni

Zfrhz hz, ) pry N‘hzj
1

]_

]' Principal hazards, l’le. f v, (hZ ; )

Collision and flooding 2.58 E-3 1/sy

Fire 1.20 E-2 1/sy
Intact Stability Loss

| W |

Systems Failure

. etc
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Loss Scenario:

Collision

- Rout .
Crow flooding
- Navigation

- Bridge

Hull breach

- Crashworthiness

= 4 ,, . .
[ Stability failure
- Geometry (hull & GA)
- Loading

- Sea State

Muster failure

- Crew procedures .

- Layout Abandon failure
- LSA

it R @B KD bW

T
W] 0 B | | v | S | B | S | i ae [ e [




2.58e-3 [1/sy]

Assembly

Geometry Abandonment
Loading

Sea State
Flooding extent




Prediction of Time to Capsize

u [ =N 2

A relationship between governing parameters and the time is
required:

- Time-domain simulation

- Inference models (UGD™)

3 flood "ys
p(tcap): Z Zwi .pj .Zk:ek .Ci,j,k(tcap)
! J

Ciik (tcap): _ln(gi,j,k)'(gi,j,k t;”‘op /30

UK MCA (1996, 1999, 2002)
NEREUS (1999-2003) / HARDER (1999-2003)
SAFEDOR (2005-2007)
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Prediction of Time to Capsize .
Inference at Scenario Level P m m W . E B l=

Scenario={displ, KG, damage, Hs}

1

0.5
0.8
0.7
0e
N
8 051
04
03
— — Simulation, PROTEUS3, 100 x 30 min
0.2
— — Simulation, PROTELS3, 20 % 120min
il Analytical Fit
il GO0 1200 1800 2400 3000 3900 4200 4500 S400 G000 BBOD  F200  FEO0 S400 8000 9RO0 10200 10800
Time to capsize [sec]
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Distribution of time to
capsize at a ship level

Pr(time to capsize)

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480 510 540 570 600

time to capsize [min]

913 101.5 A 159.5 1711 1827

. i O i




Evacuation Analysis D
Ship Muster List u [ o l=Nz:

The Evi Model
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Evacuation Analysis -
Coupled Flooding-Evacuation Model m —( W . - N -:
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1.0E+00
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q

1.0E+00

10801 1
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——flooding

ooding

—fire

—=—fire & flooding




Time to capsize [minutes]

20% 4 .
0% -
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Prediction of Time to Capsize
Effect of Damage Extent — Version 5

=) o/l = N3

9% -

8% A

7% A

6% -

5% A

4% -

3%

2%

Probability of capsize in 3 hrs

1% A

0%

1comp 2caomp 3comp

Flooding extent
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| Ver1
mVerb

Scomp

Safety througn Innovzaiion

o o o o o =
S v & o ®» o

P[t.<3 hours}; conditional on loading
and damage characteristics

Version 5

=) o/l = N3

2005-06-03

e DEEPEST SUBDIVISION DRAUGHT
E 60m In.
damace
ocation
-109 87 196 39 M5 55.1 75 93 1015 1131 105 421 155 1711 1827 143 2059 233 2378 260.1
[
|
\ T T T T i T i T T i T i j
T ——— L R NNMNENEN ) [RSSSSSISSES  HMS———_— A RN e Wl e — g —————— T
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NZm: Py (z‘ ﬂoading) =1.0

i=0

Ver 1, PLL=1.14 [f/sy]

Ver 5, PLL=0.46 [f/sy]




Presentation Outline ORa] EhH-

» Ship Safety — Key Emerging Trends
« Maritime Risk and Risk Management
* Design Today: Rules-Based Design

* Developing a New Design Methodology:
Risk-Based Design

« RBD Implementation — Passenger Ships

« Concluding Remarks

Last modified: SAFEDOR-P-5.1.2-2005-06-10-GL-working-meeting Page 49 S:Jfg fy ff]ff) ’]fjj] jf]ij vzl fjf)f]
2005-06-03 cigly/ o wy Il

Concluding Remarks on -

General

* A new philosophy on “Design for Safety” and the
development of a Risk-Based Design (RBD) methodology
enable ship safety to be dealt with in a systematic and all
embracing way by treating safety as a objective in the
design process.

» RBD opens the door to innovation and offers competitive
advantage to the maritime industry by facilitating cost-
effective safety; without RBD optimal design solutions are
not possible!

» Adopting a risk-based framework is synonymous with
promoting rational decision making; in this respect, such an
approach can support and guide contemporary regulatory
developments at IMO, e.g., on Goal-Based Standards.
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