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Presenter
Presentation Notes
There are countless examples in the historical casualty statistics illustrating that risk is an inherent feature of the shipping industry

In this era of zero tolerance and high safety standards,

it is logic, obvious, and necessary that risk management must be an integral part of the design, construction, operation, and disposal of ships.







z Containing Risk Today (Human Life)

SOLAS
4

Consensus-based, minimum standards of safety
Targeting to reduce conseguences
Historical risk, reflecting specific data sets

4

Compliance with Rules/Regulations
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Prevailing Safety System
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7 Prevailing Safety System

= Accident Driven

Year Ferry Accidents

Princess Victoria: vehicle deck and
starboard engine room flooding (134 dead).

1953

1974 Straitsman: vehicle deck flooding (2 dead)

Herald of Free Enterprise: flooding of the

1987 1\ ehicle deck (193 dead).
1987 Santa Margarita Dos: flooding of the
vehicle deck (5 dead).
Estonia: flooding of the vehicle deck (852
1994
dead).
2006 Al Salam Boccaccio '98:. flooding of the

vehicle deck, following fire (1,002 dead).
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Design Today: Rules-Based Design

~N

Logistics Business “Perceived” Risk

Needed functions, basic Expected safety level for
: ' all accides

Requirements

®Concept

Design Studies

Safety Rules

, «0uble TS
manoeuvrability, etc. protection, etc.

Experience, Talent!

Available Knowledge
Design Tools
& methods

Damage stability and

survival capaility P -
Cost estimates Trim, intact stability

=
TN
> Proportions and \{((‘?};; Powering and propulsion
TI m e prelill"ninary powering "~"' arrangement
CO ntract Lines and body plan ‘\" jrt]zjug:gﬁ ;t;]rangement
Hydrostatic

General arrangement
hull shape Hull arrangement and

Dillon, 1969 and Erichsen 1989 freeboard

Final Concept
Design Solution

Light ship weight and
capacities




& Design Today: Rules-Based Design

m Safety Is treated as Rule Compliance

- This can not nurture a safety culture!

%

N

N

Quality

Evasion Culture Compliance Culture Safety Culture



= Design Today: Rules-Based Design

- Safety eats on innovation potential

T Innovation
{ Functionality \/ potential

Performance N

Safety rules

——S

Design Solutions Space



Design Today: Rules-Based Design

G

~N

SOLAS 90 and SOLAS 2009 are meant to provide
the same safety level for damage stability of
passenger ships - they do not!

Minimum Vulnerability DS condition (all doors closed)
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= Design Today: Rules-Based Design

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

o 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.

-> optimal design solutions are not possible!



= The Changing Face of Ship Safety

Shipping =) BESEICINAN <= Society
Need for change

« escalation in size * public expectation

» specialisation for higher safety
 higher speed * Increased public
 construction materials . regard for human

* over-capacity Science & life and environment
* greater complexity Tech nology » media coverage

e more information
e less time
» competition

* political pressures

* phenomenal progress
 rapid technological

* manning ® change
ageing fleet = * better technical
IS  capabilities

 innovation potential
cost-effective safety

ity




= The Changing Face of Ship Safety

= Need for Change

Traditional approaches to safety (rules-based)
are experiential and with change happening
faster than experience is gained, the "safety
system" Is unsustainable.

Need for a New Safety System



= The Changing Face of Ship Safety
= A New Philosophy

“Design for Safety”



= Risk-Based Design

m Safety Is an Objective

Logistics Business “Perceived” Risk
Needed functions, basic Expected safety level for
sebs 23rNiNg

Requirements

Concept

Design Studies

manoeuvrability, etc. protection,

Experience, Talent! 3il=
Additional

Functional Requirements
Design Criteria

Trim, intaClsw

Damage stability and
survival capaility

Final Concept

Design Solution

l
> Proportions and ".
TI m e preliminary powering
Contract \

Light ship weigh
capacities

Hydrostatics and
hull shape

Hull arrangement and
Dillon, 1969 and Erichsen 1989 freeboard
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RBD High-Level Framework

RBD - Design with known safety level

SHIP DESIGN

()

Performance

A 4

Expectations

SAFETY ASSESSMENT PROCEDURE

Design <
Defir’

(i) y

Requirements and
Constraints

_ (i) v

Ship functions and
performance criteria

Meeting

iy

__(iv) v
Systems, components,
hardware

(design solution)
A

l

(V) Y

Evaluation of shig

i performance

per?oagcr?wt;/nce V S afety

Objectives

Satisfying
Design
Goals

\
_u Design Environment
[Software Platform]
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7 Life-Cycle Risk Management

Sustainable System for Coninuous Improvement

« A formal process to address risk at the
design stage (risk reduction / mitigation), in
operation (managing residual risk) and
ultimately in accidents (crisis management),
ensuring in all cases an acceptable level of
risk (safety assurance).

« A formal process facilitates measurement of
safety performance, which constitutes the
basis for continuous improvement (Virtuous
Cycle).

17



, Life-Cycle Risk Management
=— Design, Construction (SLE), Operation (MRR)

Safety
Policy \
Safet
Feedback and M ne
anagement
|mprOV8ment Organisation

]

Performa nce Safety
Management
Measurement Strategy / Plan

Implementation ‘
HAZID, QRA, RA, CBA



7 RBD Impimplementation
= Motivation

Alternative Design and Arrangements

- local level
v'SOLAS Ch. I, Regulation 5 (certain systems - excemptions)
v'SOLAS Ch. Il, Regulation 17 (Fire Safety)
v'SOLAS Ch. Ill, Regulation 38 (LSA Code)
v'SOLAS Ch. I, Regulation 4 (Damage Stability — equivalence)

(RBD) Design Optimisation
-> ship/platform level
v HSC Code / SRtP / SPS Code / Polar Code

v’ Safety level

v’ Goal-Based Standards .



7 RBD Impimplementation — AD&A

m— |[MO Guidelines — Overview

e Establishing a Design team

* Preliminary (qualitative) analysis
— Definition of scope
— Development of casualty scenarios
— Development of trial alternative designs | preliminary

* Quantitative analysis Approval
— Quantification of design scenarios

— Development of Performance criteria
— Evaluation of trial alternative designs Final

e Documentation Approval

20



RBD Impimplementation — AD&A

Fire Safety — Alternative Design (Large Restaurant)

Two decks high 60 m long restaurant
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= RBD Impimplementation — AD&A

= Fire Safety — Alternative Design (Large Restaurant)

Restaurant Design Alternative
Length 60 m > 48m
Capacity (lower deck) 960 pax

(upper deck) 690 pax

(total) 1,650 pax

Total exits width (lower deck) 11.4m
(upper deck) 10.8 m

Floor area (lower deck) 1,872 m? >1,600 m?
(upper deck) 1,748 m? >1,600 m?



RBD Impimplementation — AD&A

=

= Fire Safety — Alternative Design (Large Restaurant)

\

Worst/most critical fire scenario blocking
one of the main escape ways



= RBD Impimplementation — AD&A

= Fire Safety — Alternative Design (Large Restaurant)

Fire Design Scenario (fire FIELD model results, t=240s)

CEX CEFX



= RBD Impimplementation — AD&A

= Fire Safety — Alternative Design (Large Restaurant)

Fire Design Scenario (fire FIELD model results t=300s)

CEFX CFX



= RBD Impimplementation — AD&A

= Fire Safety — Alternative Design (Large Restaurant)

Fire Design Scenario (fire FIELD model results t=360s)

CEFX CEX
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RBD Impimplementation — AD&A

Fire Safety — Alternative Design (Large Restaurant)

~N

Evacuation Model

Exit Door Blocked
after 1" 30"




4 RBD Impimplementation — AD&A

Fire Safety — Alternative Design (Large Restaurant)

Evacuation simulation — integrated fire/smoke propagation information




= RBD Impimplementation — AD&A

= Fire Safety — Alternative Design (Large Restaurant)

Fire Design Scenario — Version O

Spaces Egress Time Time to UC No.Pax
affected

upper deck 7—8 min 4 —-5min 28 (~4%)
lower deck 8 —9 min 4 -5 min 50 (~5%)

(consequences unacceptable).

Cost-Effective RCOs include the following:

 Increasing the number of smoke extraction fans from 2
to 4

 Increasing the number of inlet air fans from 2 to 4
* Wider escape ways



= RBD Impimplementation — AD&A

= Fire Safety — Alternative Design (Large Restaurant)

Evaluated Fire Design Scenario — Version 1

Spaces Eqgress Time Time to UC No. Pax affected
upper deck 6 —7 min 8 —9 min 0
lower deck 6—7 min 8 —9 min 0

(consequences acceptable).



e RBD Impimplementation — PSS

= |IMO Framework for Passenger Ship Safety

IMO (SLF 47/48) Passenger Ship Safety

TIME TO REMAIN HABITABLE (3 HOURS) | TIME TO RECOVER
R ABANDON [5 DAYS]
PREVENTION (30 MIN)
_AL
r ™
The regulatory  framework . e
Lo ey et 100% vessel survivability (RTP)
should place more emphasis - — . e =
on the prevention of a Casualty Casualty  within . (indefinitely) z
casualty from occurring in detected YES | threshold YES o =
the first place. criteria . z
Abandon Ship :
=
- Prepare to Abandon Recoveny . e
— # abandon ship = ship  into from I =4
survival survival =

craft craft
00% vesse ab
Or a spe ed period o e

Ship functions / systems availability after a casualty

31



RBD Impimplementation — PSS

=

= |IMO Framework for Passenger Ship Safety

Casualty Threshold /Safe Return to Port

Accident Causality Analysis Consequence Analysis Mitigation Analysis

coliision | Scenarios  Flooding survivability analysis Systems Availability

Evacuation & Rescue

banaindl Scenarios  Flooding survivability analysis Systems Availability
Evacuation & Rescue

. . . Systems Availabilit

Fire Scenarios Fire safety analysis 4 d

Evacuation & Rescue

Safety Level (Total Risk



=

m— Safety Level (Total Risk)

RBD Impimplementation — PSS

* Risk Is a chance of loss of life
 The chance is measured by statistics

loss of |ife

(expected number of fatalities per year)

-

loss scenarios:

flooding A

> ~90% of
fire the risk

/
intact stability loss

other

33



Example Loss Scenario
Flooding | Collision

prevention

mitigation



7 RBD Impimplementation — PSS
= RISk Model

RIsKp, | = E(N)E Z Fy (I)

00000

Nmax % \\ =
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7 RBD Impimplementation — PSS
= RISk Model

nhz

> fr, (hzj)- pr, (N‘hzj)

j=1

fry (N)

g Principal hazards, hz J

Collision and flooding

Fire

Intact Stability Loss

NS LY I O B

Systems Failure

... etc
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RBD Impimplementation — PSS

= Flooding Risk Analysis

c
=
2
[s)
O
o
=
e
c
S
o

Causality Analysis

Statistics
HAZID
Modelling

Statistics
HAZID
Modelling

Statistics
HAZID
Modelling

Safe Return to Port / Casualty Threshold

Consequence Analysis

statutory Assessme
SOLAS (A-index)

Statutory Assessment
SOLAS Chll

First Principles Analysis
-transient flooding
-cross flooding
-progressive flooding

First Principles Analysis
-transient flooding
-cross flooding
-progressive flooding

First Principles Analysis
-fire/smoke propagation

Time to Capsize

Time to capsize

Time to untenable
conditions

Evacuation
and Rescue

Evacuation
and Rescue

Evacuation
and Rescue

Systems
Availability

Systems
Availability

Systems
Availability

Safety Level
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= RBD Impimplementation — PSS
m—— Statutory Assessment — SOLAS 2009

Aft peak bulkhead Machinery space bulkhead Collision 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

i(me:A>R

38



= RBD Impimplementation — PSS
m Platform Optimisation — SOLAS 2009

Optimisation of the internal subdivision
arrangement:

— Design database = KPIs - KIMs - Parametric
model

— MDO: safety (Index-A + other performance and
functional requirements:
* Weight, capacity, service flows, escape routes
e Layout constrains (e.g. machinery, MFBS)
 Tank arrangement
o Systems location for SRtP

— Systematic exploration of design space



RBD Impimplementation — PSS

G
! Flooding Risk Analysis — Frequency (Historical Data)

frhz (hzl) Source: DNV

1.148 E-3 1/sy | collision

FSA Cruise

ShlpS grounding
(SAFEDOR,

FSA, 2007):

1 event fire
every 871

ship years

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

Frequency per Ship Year

Frequency of event occurrence 20



= RBD Impimplementation — PSS

m Flo0oding Risk Analysis — Consequences (Human Lives)

41
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Flooding Risk Analysis
Time to Capsize — Time-Domain Simulation

= o
;| G = (A !



7 RBD Impimplementation — PSS

m— Flooding Risk Analysis — Time to Capsize

Random Variables (MC sampling)
Damage characteristics:
e Location

e Length b ——
* Penetration i — —
« Height iRk

width = grounding ||/

. oY)
Environment (Hs, Tp) L]/~

Loading condition t e




RBD Impimplementation — PSS

Flooding Risk Analysis — Time to Capsize (Collision)

H0_|

_

a0__l

25

20_l

damage
length

ISiI -]

380 scenarios set-up

)

[ 1

9.I‘I 1
LS ] = |
g ZISI )
= '
I 1
110
a L 1
s e—
165
[ 1
143
e
162
e = *
e sea
s = state
|—| =
?%%m N = = e by

s 1 — B i
. 2¢s' . 1 =11 1z ] :

Co——« '_m:'i et R 35

N ———

%IﬁZI
25 ]

T e
% e b _—_ =
[1 _231‘_15_@—&—‘ - % ] . 25

243

B;BGEQ‘J:'

i
e me—T— @ AT

LIT_F'T;_]—_'_‘ 1m|_|‘:—|]3:||:232 'ﬂ%_l iu—l-l‘__‘lﬁn—'_l zu
I

1
152 _15 K

"”’Eﬂ: .
17 L_l% @ =N 123?52 ”3.' 1 HE 1m 1215 méﬁ[ﬁ 10
e 1[% " i i Ha s@' e zﬁ ot = TS{_—Dm” 131’__55 08
E‘FT-' 0, ™, o Zie [} qml:ﬁ ‘1:5?311? @ By = [ 00
25 &0 168 Hea 440 520 B ?a 7 B e ms 4 1183 1282 1364 14@.5 164
—_|
—— ] [T | o




G

RBD Impimplementation — PSS

m Flooding Risk Analysis — Time to Capsize (Collision)

Scenario={displ, KG, damage, Hs}

L S e et

0.5 A

0.7

0.6 A

probability that
vessel capsizes

within 1 hour if
collision takes place

0.5 - /

CDF[H

0.4

0.3

— — Simulation, PROTELUS3, 100 % 30 min

0.2
— = Simulation, PROTEUS3, 20 x 120min

0.1

Analytical Fit

/

a GO0 1200 1800 2400 3000 3600 4200 4800 5400 B0O00  6ROO 7200 7300 8400 9000  Se00 10200 10300

Time to capsize [sec]
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RBD Impimplementation — PSS

m Flooding Risk Analysis — Time to Capsize (Collision)

Pr(time to capsize)

1

40,000 scenarios

0.95 -
0.9 1
0.85 -
0.8 -
0.75
0.7 1
0.65 -
0.6 1
0.55 -
0.5 1
0.45
0.4
0.35 ~
0.3 -
0.25
0.2 1
0.15
0.1 1
0.05 -

0

_—

~

Probability that vessel survives for 3
> hours if collision takes place.

Distribution of time to
capsize at a ship level

probability that vessel capsizes
within 3 hours if collision takes place

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]
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RBD Impimplementation — PSS

= Flooding Risk Analysis — Time to Capsize (Collision-RoPax)

Analytical estimates of time to
capsize based on SOLAS 2009 s-
factor agree reasonably well with

results from numerical

35% \

30% of possible collision scenarios
would lead to capsize within 30 min.

imulations /

30% -
25% A

20% 4/

Frw(t | DS)

15% -
10% -

5% -

A NN I I S S S S S S -

e

14% of possible collision scenarios
would lead to capsize within 30 min.

0% .

60

90 120 150
t, time to capsize [min]

180



7 RBD Impimplementation — PSS

= Time to Evacuate — Advanced Evacuation Simulation

The Evi Model
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RBD Impimplementation — PSS

m EVvacuation and Rescue — Abandonment Studies

count

4 5 6 7 8 9101

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

descend time (s) - one slide

MES (LSA No.)

P&O W« Ferries—

Evacuation
(certified MES rate)
, < * ME§ 9&10
— <& MES 7&8
N <MES 3&4
4 = & basis case
Assembly
IMO guidelines
0 10 20 30 40 50 60 70
time (min)
11
10 —MES 3AS 1
=—MES 4 AS 1
9 MES 7 AS 5
87 MES 8 AS 5
7 - =—MES 9 AS 3
61 =MES 10 AS 3
=—=MES 3AS 4
51 ——MES 4 AS 4
4 =——=MES 7 AS 7
3 =——=MES 8 AS 6
2 =—MES 9 AS 2
=—=MES 10 AS 8
e ——criterion
0 T T T T T T 1
0 5 10 15 20 25 30 35 40
time (m)
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m Fire Safety Analysis

RBD Impimplementation — PSS

yjrounding collision

Causality Analysis

Statistics
HAZID
Modelling

Statistics
HAZID
Modelling

Statistics
HAZID
Modelling

Safe Return to Port / Casualty Threshold

Consequence Analysis

Statutory Assessment
SOLAS (A-index)

Statutory Assessment
SOLAS Chll

First Principles Analysis
-transient flooding
-cross flooding
-progressive flooding

First Principles Analysis
-transient flooding
-cross flooding
-progressive flooding

First Principles Analysis
-fire/smoke propagation

Time to Capsize

Time to capsize

Time to untenable
conditions

Evacuation
and Rescue

Evacuation
and Rescue

Evacuation
and Rescue

Systems
Availability

Systems
Availability

Systems
Availability

Safety Level
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= Fire Safety Analysis — Fire Risk Model

RBD Impimplementation — PSS
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RBD Impimplementation — PSS

=

= Fire Safety Analysis — Fire Risk Model

Scenario |
(space of origin)
1
I A B C
Fre grovwtlhy Loss of Fre inition
corita et adjacent space
mealation faihmwe Chaticrus
Faihme of Faihme of Faihme of
frst-aid? fire fightmgs? bionmrdary c ool
; | WES
Ship - !
: ' 0| i)
e = |
WD |
Fire HO 3!
— | Iepiitioz | HO i)
I _E 0| (5]
— N
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RBD Impimplementation — PSS

G
! Fire Risk Analysis — Frequency (Historical Data)

fr,, (hz,)

0.92 E-2 1/sy

FSA Cruise
Ships
(SAFEDOR,
FSA, 2007):
1 event
every 109
ship years

Source: DNV

collision

grounding

fire

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

Frequency per Ship Year

Frequency of event occurrence e
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RBD Impimplementation — PSS

m Fire Risk Analysis — Consequences (Human Lives)

RSET > ASET

« RSET >
o ASET =

Cumulative Probability of exceedence

=

time required for escape (escape analysis)

time available before conditions become
untenable (toxicity, heat, and visibility)

o
©

(0]
!

~
|

(o))
I

==Time to untenable conditions //‘—

=—=Time to Escape

>
I

© © © o o o ©°
w (6)]

N
L

o
H

o

0.0001

0.001 0.01 0.1 1 1C
Time (min) 54



e RBD Impimplementation — PSS

= Time to Evacuate — Advanced Evacuation Simulation

Ship Motions - Side Damage
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RBD Impimplementation — PSS

m— SYystems Availability Analysis

grounding collision

fire

Causality Analysis

Statistics
HAZID
Modelling

Statistics
HAZID
Modelling

Statistics
HAZID
Modelling

Safe Return to Port / Casualty Threshold

Consequence Analysis

Statutory Assessment
SOLAS (A-index)

Statutory Assessment
SOLAS Chll

First Principles Analysis
-transient flooding
-cross flooding
-progressive flooding

First Principles Analysis
-transient flooding
-cross flooding
-progressive flooding

First Principles Analysis
-fire/smoke propagation

Safety Level

Time to Capsize
Evacuation Systems
and Rescue Availability

Time to capsize
Evacuation Systems
and Rescue Availability

Time to untenable
conditions Evacuation SYSIGCING
and Rescue Availability
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RBD Impimplementation — PSS

=

m Systems Availability Analysis — SRtP Casualty Scenarios

SAFE RETURN TO PORT

* Flooding to SWT Compartment (Req. 8-1)

* Fire within casualty threshold (Reg. 21)

 Loss of a MVZ (Reg. 22)

SWT = Single Watertight Compartment
MVZ = Main Vertical (Fire) Zone >7
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RBD Impimplementation — PSS

m— Systems Availability Analysis — SRtP Essential Systems

List of essential systems as defined in SOLAS II-2 Regulation 21-4 and 22-3

D | System SRTP EAA
Reg. 21-4 Reg. 22-3

1 | Propulsion and necessary auxiliary systems X

2 | Steering systems and steering-control systems X

3 | Navigation systems X

4 | Systems for fill, transfer and service of fuel oil X

5 | Internal communications system X X
6 | External communications X X
7 | Fire main system X X
8 | Fixed fire-extinguishing systems (gaseous and water) X

9 | Fire and smoke detection systems X

10 | Bilge and ballast systems X X
11 | Power operated watertight and semi-watertight doors X

12 | Systems intended to support “safe areas” X

13 | Flooding detection systems X

14 | Other systems vital to damage control efforts X

15 | Lighting along escape routes, at assembly stations X

and at embarkation stations of lifer-saving appliances
16 | Guidance systems for evacuation X
8/29/2013
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RBD Impimplementation — PSS

m— SRtP — Residual Functionality Post-Casualty (1Sys)

Watertight subdivision

Casualty scenario

“BDD”

Systems’ diagrams
(systems’ design principles)

e

[

e

e
|

Essential System # Room [ PUMP13
Scenario | FLOODING Location | MVZ 3 Deck 01
Observations

ES not operable due to failure of the Power Supply
System.(# X03)

Power System fails due to Diesel Generators failure.
Diesel Generators fail due to LO system (# 651)
failure.

LO system fails due to failure of lubrication function
for the No1-6 Main Generator.

‘The lubrication functions fail due to failure of LO
purification system.

LO purification system fails due to failure of technical
water.

Details of damage

Ship system Component ID Level
TECHNICAL WATER SYSTEM 515_E_FwdWirMistFeedPump | _E
TECHNICAL WATER SYSTEM 515_F_Nol_2TechwPump E
TECHNICAL WATER SYSTEM 515_P1_nPUMPL. P
TECHNICAL WATER SY: P2_nPUMP P
TECHNICAL WATER SY: P3_nPUMP. P
TECHNICAL WATER SY: P4_nPUMP. P
TECHNICAL WATER SY: P5_nPUMP. P
| 662 GENERAL FW COOLING SYSTEM PO1_nPUI P
671 FEED WATER SYSTE 01_nPUMP: P
| 671 CONDENSATE SYSTEM 71_P03_nPUMP: P
712 WORKING AR 12_PO1_nPUMP. P

W

1= T i T T T T e Ty T e s 7]
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RBD Impimplementation
m Oasis of the Seas — General particulars

| & ¥
I INTERNATIONAL

Gross Tonnage 225 000
Delivery November 2009

DNV & 1A1, Passenger Ship:
ECO, RPS, F-M, LCS(DIS), BIS,
TMON, CLEAN, COMF(V)1, FUEL

Design basis: E0, DP notation
AUTR, NAUT-AW

Length 361 m
Breadth 47 m
Draught 9,15 m
Air Draught 72-65m
Number of Guests 5400
Number of Crew 2166

LSA Capacity

Example

RoyalCaribbean |§

8460



= RBD Impimplementation Example
= Oasis of the Seas — Building Bigger Ships

250,000
200,000
O O
150,000 O . —
O O =
|_
x
O
100,000 O O
D/@%ﬁ 8 B B
O
50,000
- O

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
year



a RBD Impimplementation Example
= Oasis of the Seas — Flooding Risk Analysis fr,

(hz,)

fr,, (hz,)

1.148 E-3 1/sy

FSA Cruise ships
(SAFEDOR, FSA,
2007):

1 event every 871
ship years

RCCL:

Nno occurrences in
111 ship years of
records

Source: DNV

collision

grounding

fire

0 0.002 0.004 0.006 0.008

Frequency per Ship Year

Frequency of event occurrence

0.01

0.012

0.014



= RBD Impimplementation Example
—= QOasis of the Seas — Flooding Risk Analysis tcap

Damage case Outcome Implication
Water —Casei=1 [ 1(i) (
ingress? _Case i=2 t(2) Vessel unable to survive
— yes for 3h

Numerical
—Case i=k >_ simulations ’< t(k) ’ <

Vessel survives for
at least 3h (t>x)

Collision — —Case i=342 L 1(342) L
no { Minor incident
Performance-based
evaluation and verification t = time to capsize
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RBD Impimplementation Example
= Oasis of the Seas — Flooding Risk Analysis

Case by case explicit dynamic flooding simulation

Transient and progressive flooding

Impact of multi free-surfaces

Impact of watertight and semi-watertight doors and arrangements
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RBD Impimplementation Example
= Oasis of the Seas — Flooding Risk Analysis

717 compartments, 1160 openings (1:50 scale — verification)
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RBD Impimplementation Example
m— Oasis of the Seas — E&A Studies

Assembly
Stations

Lifeboats

Abandonment Studies ins

~6188
Deck 6 -. e | e :
T T u
( 7 () 1
\ {
o \ ij/ | RS
! 1 88 20
i ‘ s mins
i\ N LB
Deck 5 f
e RZC
7
S
bl
o g LB-8S
? ;
| / 0 200 400 600 800 1000 1200 1400 1600 1800 2000
,,l Time (Seconds)

—EMbarkation Waiting Bowsing Release and Launching



= RBD Impimplementation Example

m— Oasis of the Seas — Societal Risk (Flooding)

Societal Risk

Collision Accidents
1.E+00

1.E-01 ~

1.E-02 ~

FSA Cruise Ships (DNV, SAFEDOR)
1.E-03 - \\

1.E-04
Genesis \\
1.E-05 + *\

1.E-06

Frequency of N or more fatalities

1 10 100 1000 10000
N Fatalities



= RBD Impimplementation Example

m— Oasis of the Seas — Fire Safety Analysis fr, (hZZ)

144 Fire Zones — 80 in excess of SOLAS

-y —_—
A LLRE NN T T[T T 1T T[]0 |

TENESIS % SEAS

=
200 o) |
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
0. fmococooodlodirlococooooos flccccccoocococolcoocoosnofioonood
L
== |

8,236 spaces

SAFEDOR cruise ship FSA

fr, (hz,) 0.92 E-2 1/sy
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RBD Impimplementation Example

m— Oasis of the Seas — Fire Safety Analysis

pr, (N|hz,)

Risk (Equivalent fatalities per year)

1E+00

1E-01 -

1E-02 -

1E-03 -

1E-04 -

1E-05 -

1E-06 -

1E-07 -

1E-08 -

1E-09 -

1E-10

night case
SOLAS risk threshold
¢ A
o
o 09 K * O’A * ¢
o (0] % % o
I3 %00 g ’ix N O%Ao *eMVZ8
o
A
o o 0 .“ﬁ M Xef©O O AMVZ 7
= - d e OMVZ 6
O Apno =
XMVZ 5
]
. = o MVZ 4
L & AMVZ 3
O oOMVZ 2
oMVZ 1
X
°© S
400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400

Floor Area (m2)
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m— Oasis of the Seas — Societal Risk (Fire)

RBD Impimplementation Example

Frequency of N or more fatalities

1.E+00

1.E-01

1.E-02

1.E-03

1.E-04

1.E-05

1.E-06

1.E-07

Societal Risk

Fire & Explosion Accidents

MV Genesis

FSA Cruise Ships (DNV, SAFEDOR)

1 10

100 1000
N Fatalities

10000



= RBD Impimplementation Example
m Oasis of the Seas — Safety Level (Total Risk — Societal)

Societal Risk

1.E+00
1.E-01 -

1.E-02 A

fire and collision
1.E-03 - cruise fleet FSA
(SAFEDOR)
1.E-04 -
fire and collision
MV Genesis
1.E-05 - \\

1.E-06

Frequency of N or more fatalities

1 10 100 1000 10000
N Fatalities



7 RBD Impimplementation Example

A

l‘ls-'af —
o : v UV

« Can the extensive knowledge acquired during the
design development be used to manage
operational (residual) risk and to address ER?




7 RBD Impimplementation Example
= LCRM (Operation): Oasis of the Seas DSS

Key features include:

 Real time sensors and hardware integration (link
to ship’s SMS): tank levels, draughts, door status,
water ingress alarms, wind and waves

 Vulnerability log: global and local ship
vulnerability to flooding and fire

e Criticality assessment: survival time, escape
and evacuation time (crises management)

e Corrective action search: evaluation of the
Impact of corrective actions.

 Essential systems availability post-flooding/fire

(verification of compliance of SRtP requirements)
74
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=2 RBD Impimplementation Example
= LCRM — Oasis of the Seas Crisis Management

tate 2.4m

can _{5. aaza_pf Hw:l:r




= Concluding Remarks

o “Design for Safety: Risk-Based Design (RBD)” enables
ship safety to be dealt with in a systematic and all
embracing way by treating safety as an 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!

e 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., Goal-Based
Standards.



= Concluding Remarks

=

« Life-cycle Risk Management is a formal process
providing a holistic framework, to embrace all phases
of the life-cycle of the vessel from design (risk
reduction/mitigation) to operation (management of
residual risk) and emergency response
(preparedness/crisis management), leading to safety
assurance in the most cost-effective way possible.

e Such a formal process facilitates measurement of
safety performance, which constitutes the kernel for
continuous safety improvement and the foundation
for instigating and sustaining a safety culture in the
maritime industry.
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