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1 ABSTRACT

Fire and smoke containment are well known issues during fires in ro-ro spaces, especially in case of
uncontrolled fires. Similarly, in some accidents, evacuation systems remained inoperative due to the heat
and flames coming through the openings of the ro-ro spaces.

This report presents a Formal Safety Assessment on containment and on evacuation following a ro-ro space
fire incident on any ro-ro passenger ship.

The safety level was estimated for three generic ships representing the world fleet of RoPax ships (Cargo,
Standard and Ferry RoPax) and a cost-effectiveness assessment was performed on three Risk Control
Options (RCOs), taking into account potential differences between newbuildings and existing ships.

From a containment perspective, the RCO Fire monitors on weather decks was found cost-effective for
newbuildings and existing ships of the three ship categories.

From an evacuation outlook, a safe distance was estimated to ensure the protection of stowage areas,
embarkation stations and evacuation routes, and LSA failure due to heat and smoke following a fire in a ro-
ro space. Several design solutions were investigated and cost-effective solutions were found for the Standard
RoPax and Ferry RoPax.
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2 EXECUTIVE SUMMARY

Fire and smoke containment are well known issues during fires in ro-ro spaces, especially in case of
uncontrolled fires. Similarly, in some accidents, evacuation systems remained inoperative due to the heat
and flames coming through the openings of the ro-ro spaces. New systems and proposals for containment
and safe evacuation are investigated in this report. These aspects were not investigated in detail in the
previous FIRESAFE study.

The main objective of FIRESAFE Il was to improve the fire safety of ro-ro passenger ships by cost-efficient
safety measures reducing the risk of ro-ro space fire, with an aim to discuss specific proposals for rule
making. In Part 2 of the study, reported here, the objective was to identify a range of risk control options
(RCOs) and assess the ones most likely to be cost efficient in relation to containment and evacuation due to
a ro-ro space fire.

The study considered open ro-ro spaces, closed ro-ro spaces as well as weather decks, for both
newbuildings and existing ships.

The Formal Safety Assessment (FSA) methodology was followed, as described in the Guidelines
MSC-MEPC.2/Circ.12/Rev.2. The FSA is a structured and systematic methodology aimed at enhancing
maritime safety and consists of the following five steps:

1 Step 1: Hazard identification;

1 Step 2: Risk analysis;

1 Step 3: Risk control options;

1 Step 4: Cost-effectiveness assessment; and

I Step 5: Recommendations for Decision-Making.

In order to perform this investigation in line with the FSA methodology, a review of regulations and current
practices concerning fire containment and fire integrity of LSAs (and fire exposure criteria for humans) was
also first conducted.

To consider the diverse world fleet of RoPax ships in the study, three generic categories of ships were
defined based on a lane metre to passenger capacity ratio:

1 Ferry RoPax, represent RoPax ships or ferries with focus on carriage of passengers but which can
also carry cargo similar to a Standard RoPax. These ships typically only have closed ro-ro spaces
or mainly closed ro-ro spaces and a small weather deck;

1 Standard RoPax, represent the RoPax ships with focus on both carriage of cargo and of passengers.
These vessels typically have each of the three types of ro-ro spaces: closed ro-ro spaces, open ro-
ro spaces and weather decks. The size of the weather deck/s is generally medium to large within
this category; and

I Cargo RoPax, represent RoPax ships with focus on carriage of cargo and basically have a
passenger capacity just enough to carry the number of drivers necessary to load the ro-ro spaces
with accompanied trailers. These vessels typically have closed ro-ro spaces and large weather
deck/s.

Both hazards that have materialized in the past and those that have not been experienced (yet) were
identified through analytical and creative techniques to produce a list of hazards relevant to containment
failure and evacuation failure.

For the containment part, some notable results from the hazard identification were:

1 Side openings were considered a major hazard for fire and smoke spread to Life Saving Appliances
(LSAs), ventilation inlets, decks above, but also end openings pose a significant hazard,;

1 Openings provide oxygen to the fire;

1 A major concern with ro-ro space fires is that the space is not sub-divided, meaning that an
uncontrolled ro-ro space fire may involve the whole length of the ship. The fire will quickly grow
intense and could last for a very long time (days);
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1 Ongeneral ro-ro cargo ships, fire insulation (A-30) is required between decks, but this is not required
on RoPax ships (except every 10 meters in height). Without insulation, fire vertical spread after about
10 minutes is possible (without extinguishing system activated);

1 Fire spread to weather deck, due to flame spread though openings or heat transfer through the deck,
is difficult to avoid due to lack of fire integrity and limited possibilities for management (only manual
efforts, limited equipment, accessibility problems, etc.). Fire spread to weather deck is associated
with high risk since there are no fixed means for extinguishment and the accessibility for safe manual
firefighting is limited, which gives a high probability of an uncontrolled fire;

1 Smoke spread from the ro-ro space to the accommodation part of the ship is a major concern and it
is difficult to achieve an over pressure in all spaces adjacent to a ro-ro space; and

1 Doors to the ro-ro space are generally not smoke tight, since this is not tested in accordance with
the Fire Test Procedure (FTP) Code.

For the evacuation part, some notable results from the hazard identification were:

1 Side openings were considered a major hazard for fire and smoke spread to LSA, but also end
openings pose a significant hazard;

1 Smoke may spread from side openings and ventilation outlets and affect the possibilities for using
LSA, escape routes, embarkation stations, etc.;

1 A fire in ro-ro space may block the use of LSA by hindering embarkation or deployment, burning
guiding ropes, etc.;

1 Many critical cables run through the ro-ro space and fire deterioration may cause loss of power,
navigation impossibility, black out, etc., regardless of the current provisions;

1 Heat spread to escape routes and embarkation stations is critical, in particular if the use of LSA is
hindered and since a ro-ro space fire can be very intense and long-lasting;

1 Itis seldom possible to provide of a secondary means of conventional disembarkation of the ship
(not considering use of LSA) when berthing a foreign harbour (where gangways are not usable).
Evacuation through the stern ramp may not be possible due to fire; and

I Passengers are generally not allowed in the ro-ro space before the ship is alongside, but if this
occurs, fire in a ro-ro space full of passengers is a worst possible evacuation scenario.

The main fire risk model and the associated sub-models were developed in such a way that it is possible to
assess, in quantitative values, the consequences of additional preventing and mitigating measures
addressing the risks of containment and evacuation failures.

For containment, dedicated fault trees were developed for the different types of RoPax ships and ro-ro
spaces, focusing on the main hazards identified during the Hazld (Hazard Identification). The trees were
quantified to gain an understanding of the impacts on risks and to investigate in further detail the important
causes and initiating events of the accident scenarios identified. This allowed quantification of the
contributing containment failures as well as to calculate the overall containment failure rate. In order to
consider the different types of ro-ro spaces, different trees were developed and quantified by investigation
of available failure data, fire simulations and expert judgement, in case none of the previous options were
available.

A range of Risk Control Measures (RCMs) was identified based on the hazards identified in previous steps
and on proposals of RCMs identified in former projects. All the measures presume an existing fire and are
classified as mitigating, rather than preventive. The RCMs were ranked by experts with regard to risk
reduction potential and estimated costs. Based on this ranking and on the high-risk areas needing control in
the fault tree, the RCMs with the highest potential were judged to be:

1 Ban/Closure of side and end openings;

1 Requirement for fire insulation (at least) A-30 instead of A-O between ro-ro decks;

1 Implementation of new test and requirement for enhanced smoke-tight A-60 divisions for ro-ro space
boundaries;

Fire monitors on weather deck;

Subdivision between ro-ro space without openings and space with openings;

Closure of side openings on ro-ro spaces; and

Increased fire insulation for ro-ro space boundaries, e.g. A-180 towards accommodation areas.
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Two of the above RCMs were selected as Risk Control Options (RCQOs) for further quantitative cost-
effectiveness analysis, based on their perceived cost-effectiveness, Technology Readiness Level (TRL), and
availability:

1 Banl/closure of side & end openings: From a containment point of view, the main benefit of fewer
openings is to avoid smoke and flames escaping from the fire enclosure, preventing propagation of
the fire to spaces above the opening and harmful exposure to smoke. Both open and closed ro-ro
spaces have openings that could be closed. Ro-ro spaces are defined as closed also if there is an
opening at one end and side openings are less than 10% of the total area of the space sides. (SOLAS
11-2/3.12). This risk control measure implies to forbid open ro-ro spaces on new ships and to reduce
openings (including aft openings) in general as far as practicable; and

1 Fixed fire-extinguishing systems (e.g. fire monitors) on weather deck: Weather deck is fairly
unprotected both with regard to fire prevention (fire spread) and fire extinguishment. In case of a fire
in the ro-ro space underneath, fire monitors could prevent flame spread through openings or heat
spread through the un-insulated deck. In a case of a fire on weather deck, the use of fire monitors
may extinguish or avoid propagation of the fire by reducing the amount of radiation from flames. This
RCO implies that weather deck on ro-ro passenger ships shall be provided fixed fire protection
arrangements (here fire monitors) for the purpose of containing a fire in the space/area of origin.

Regarding the failure of evacuation the main issue addressed was related to SOLAS Ch. II-2, Reg. 20.3.1.5:
fPermanent openings in the side plating, the ends or deckhead of the space shall be so situated that a fire
in the cargo space does not endanger stowage areas and embarkation stations for survival craft and
accommodation spaces, service spaces and control stations in superstructures and deckhouses above the
cargospaces.0 Bas ed o ns,theisafeudistaricd aodarrangement of such openings were estimated.
Although other means of failure of evacuation following a fire on a ro-ro deck were also identified, the focus
of the study was that of protection of stowage areas, embarkation stations and LSA failure due to heat but
not LSA failure due to intrinsic or environmental issues.

Several design solutions were investigated to achieve the RCO Safe distance on the Standard RoPax and
Ferry RoPax, on which the LSAs were within the hazardous zone. Although the stowage areas, embarkation
stations and LSAs were located outside of this zone on the Cargo RoPax, the closure of the aft opening was
investigated to identify whether the safety level on this ship could be improved in a cost-effective manner.

The estimated risk reduction effect of the above RCOs were quantified by investigation of available failure
data, fire simulations and expert judgement, in case none of the previous options were available. By applying
each of the risk control options to the risk model (event tree), the risk reduction of all selected RCOs was
calculated.

Costs for the implementation of these RCOs were estimated. Technical items available on the market were
as far as possible quantified by system supplier offers. In addition, cost estimations were based on existing
costs for material from s hi p o p éteraa rajedts, specifications, reconstructions, etc. The main
component systems of each RCO were identified and respective costs were estimated. Other cost items
affecting for example operations were included in the quantification when necessary.

The cost-effectiveness criteria were updated. A RCO was considered cost-effective if the Gross Cost of
Averting a Fatality ( GCAF) i s MbA RGODwvastalko considered cost effective if the Net Cost of

Averting a Fatality (NCAF), accounting fMr the econom

The findings of the cost-effectiveness assessment is summarised in the below table.
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Newbuildings Existing Ships
RCO Cargo Standard Ferry Cargo Standard Ferry
RoPax RoPax RoPax RoPax RoPax RoPax

Ban/closure of side
& end openings| Not cost | Not cost | Not cost | Not cost | Not cost | Not cost

_ (closed and open| effective | effective | effective | effective | effective | effective
Containment | ro-ro spaces)

Fire monitors on Cost Cost Cost Cost Cost Cost
weather deck effective | effective | effective | effective | effective | effective

Not Cost- Cost Not Cost- Not cost
applicable effective | effective | applicable effective | effective

Evacuation | Safe Distance

The FSA demonstrated that the following RCOs achieved the highest risk reduction in a cost-effective
manner (ranked from highest to lowest risk reduction):

1 For Newbuildings:
0 Regardless of the ship category:
A Fire monitors on weather deck; and
A Safe distance
I For Existing ships:
0 Regardless of the ship category:
A Fire monitors on weather deck.
o0 For Standard RoPax
A Safe distance

It should also be noted that the relative risk reductions of the RCOs only take into account the effects of the
RCOs on the respective Containment and Evacuation nodes in the main fire risk model. However, any effects
that the RCOs could have directly on the other main branches of the main fire risk model event tree were
disregarded which may render cost-effective some RCO that were not in this part (no negative side effects
expected). These considerations were taken into account in the Combined Assessment part of the
FIRESAFE Il study (EMSA, 2018).

Finally, recommendations on how the cost-effective RCOs could be implemented were discussed.
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6 INTRODUCTION

6.1 Scope and objectives

The main objective of FIRESAFE Il was to improve the fire safety of ro-ro passenger ships by cost-efficient
safety measures reducing the risk of ro-ro space fire, with an aim to discuss specific proposals for rule
making. In Part 2 of the study, reported here, the objective was to identify a range of risk control options
(RCOs) and assess the ones most likely to be cost efficient in relation to containment and evacuation due to
a ro-ro space fire, considering open ro-ro spaces, closed ro-ro spaces as well as weather decks, for both
Newbuildings and Existing ships.

6.2 Background

In 2016, EMSA initiated the FIRESAFE study in order to investigate cost-efficient measures for reducing the
risk from fires on ro-ro passenger ships with a focus on Electrical Fire as ignition source as well as Fire
Extinguishing Failure. These areas were considered the greatest risk contributors by the EMSA Group of
Experts on fires on ro-ro decks.

The study produced a coarse risk model covering the various stages of a fire incident on a ro-ro passenger
ship, namely: ignition, detection/decision, extinguishment, containment and evacuation.

In 2017, EMSA initiated the FIRESAFE Il study to investigate Risk Control Options (RCOs) for mitigating the
risk from fires in ro-ro spaces in relation to Detection and Decision (Part 1) as well as Containment and
Evacuation (Part 2), which are items which were not addressed specifically in FIRESAFE.

Two additional parts, one focusing on alternative fixed fire-extinguishing systems for ro-ro decks (Part 3),
and one part focusing on detection systems in open ro-ro spaces and weather decks (Part 4) were also
included.

Fire and smoke containment are well known issues during fires on ro-ro spaces, especially for the case of
uncontrolled fires. Similarly, in some accidents, evacuation systems remained inoperative due to the heat
and flames coming through the side openings of the ro-ro spaces.

In this new study, the nodes containment failure and evacuation (or fire integrity of evacuation routes and
LSAs) failure were analytically investigated.

6.3 Methodology

In order to achieve the objectives described in section 6.1, the Formal Safety Assessment methodology was
followed.

A summary of the steps detailed in the ARevised
the IMO Rule-Ma ki ng P({MDc2818)ssiprovided below:

1 Problem Definition: The objective of this step is to clarify the objectives and clearly define the scope
of the study. This was done through an analysis of the RoPax fleet, of relevant regulations,
requirements and current practices related to containment and evacuation. In particular, the problem
definition leads to the development of generic ships. The details of this task are described in Chapter
7

1 1ststep: Identification of Hazards: The purpose of this step is to identify relevant hazards to the safety
matter under consideration. Both hazards that have materialized in the past and those that have not
been experienced (yet) were identified through analytical and creative techniques. The details of this
step are described in Chapter 8;

1 2nd step: Risk Analysis: The purpose of this step is to investigate in further detail the causes and
initiating events of the accident scenarios identified in the 1st step. A main fire risk model and
dedicated fault trees were developed and quantified for this purpose and are detailed in Chapter 9;

1 3 step: Risk Control Options: The purpose of this step is to identify Risk Control Measures and
propose potential Risk Control Options for reducing the risk. Relevant risk control options are

Gui de
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selected and their technical specifications and risk reduction potential are further described. The
details of this step are described in Chapters 10 and 11;

4th step: Cost-effectiveness assessment: In this step, the RCOs selected in Chapter 10 are analyzed
in a way to facilitate the understanding of the costs and benefits resulting from the potential adoption
of such RCOs. This results in a ranking of the RCOs from a cost-efficiency perspective. The results
of this step are provided in Chapter 12; and

5t step: Recommendations for Decision-Making. Based on the above tasks, and in particular the
cost-effectiveness assessment, specific proposals for rule making are discussed. These discussions
are presented in Chapter 13.
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7/ BACKGROUND INFORMATION

7.1 Analysis of the RoPax fleet

All information necessary to the completion of the FSA study were extensively detailed in the report for Part
1 (detection and decision) of the FIRESAFE Il study (EMSA, 2018). Only a summary of the results and details
related to containment and evacuation are provided below.

7.1.1 FIRESAFE Il Fleet: Selection criteria & analysis

The fleet under consideration was restricted to vessels:

1 classed as Passenger/Ro-Ro Ship;

engaged on international voyages or EU domestic class A;
gross tonnage equal or greater than 1,000;

with a build date on or after 01/01/1970;

Froude number less than 0.5%; and

Classed or having been classed by one the IACS members.

= =4 —a —a -

The FIRESAFE Il fleet is composed of 811 ships active during the period 2002-2016 leading to a total of
7001 shipyears over the period 2002 7 2016 (very slight increase over the years).

The average age of the fleet is 20 years old in 2016, with an average loss age of 32 years old, (and maximum
age of 46 years old). The life expectancy (at delivery) over the period 2002-2016 was estimated to 39.2 years
old.

The average gross tonnage of the fleet over the period 2002-2016 is 21 120 GT (slight increase between
2002 and 2012 followed by a slight decrease until 2016).

7.2 Overview of relevant regulations and requirements i General
7.2.1 Introduction

7.2.1.1 Scope

This section aims at giving an overview of containment and evacuation requirements applicable in ro-ro
spaces of passenger ships, with a specific focus on weather decks and open ro-ro spaces.

The general principle is summarized in SOLAS 11-2/20.2.2: Horizontal zones extending over the full length of
the ro-ro spaces are defined in order to locally replace the usual concept of Main Vertical Zones (MVZ)
without need to split the ro-ro space into 40 m long zones. This governs the protection towards open and
closed ro-ro spaces.

However, it is to be kept in mind that there are almost no provisions for protection towards weather decks
used as ro-ro spaces.

7.2.1.2 Applicable regulations

It is to be noted that the present review is based on the currently applicable regulations. However, it can be
noted that:

1 The general principles for fire containment and evacuation on ro-ro passenger ships have been set
in SOLAS 74, which applicable to ships built after 1980. These safety measures have actually been
introduced in SOLAS 60 part H as per IMO resolution A.122(V) dated October 1967. However, the
circular was never made mandatory and Part H was therefore only applied on a voluntary basis until
SOLAS 74 came into force. Compliance with Part H is formally recognized to be equivalent with
SOLAS 74.

1 To exclude High Speed Crafts.
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1 Only limited changes in these Rules have been introduced over the past 40 years

As a general remark, there are very little specific requirements related to containment and evacuation with
respect to ro-ro spaces in Classification and Flag Rules. This topic is mainly covered by IMO Regulations.
Therefore, this section is mainly based on SOLAS 11-2/9, 13 and 20.

7.2.1.3 Regulation mapping

Specific attention was givent o t he Af ai | ur e branthafnidr efi fcad n tuarierbrarecindfedv a ¢ u a
the schematic trees proposed by the EMSA Group of Experts on fires on ro-ro decks, resulting in the

regulation mapping detailed below. At the end of each branch, reference is made to the relevant paragraphs

of 7.3 of this document, where the content of the relevant regulation is summarized.

Smoke
containment failure

Failure in closing
air supply

Fire exceeding 60’
Failure to monitor
the boundary and
conduct boundary
cooling

Fault in design or
: . weakness in rules
Failure of fire | interpretation
containment

Fault in
maintenance

High energy fire
(explosion)

Inapropriate
standard of fire
protection

Fire not exceeding |
60'

Fault in
construction /
equipment

Human element

Fault due to
rebuilding
modification

Figure 1: Regulation mapping for fire containment failure in the ro-ro spaces of passenger ships
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Bad weather
conditions
Evacuation route
affected by
fire/smoke
Failure of external
assistance

Port facility without
relevant equipment

Failure of
evacuation in port
Passengers
response to
emergency

Lack of procedures

Failure of operation

_ ) of public address
Failure in system due to fire
evacuation

Evacuation route
Mustering failure affected by
fire/smoke/heat

Vessel list or Human element
capsize (crew)

Failure to deploy
LSA

Insufficient crew

Assembly point
affected by
fire/smoke/heat

LSA launching
failure

LSA affected by fire

Design failure

Figure 2: Regulation mapping for evacuation failure in the ro-ro spaces of passenger ships
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7.2.2 Reference documents

The review was mainly based on the IMO and IACS documents listed in Table 1.

Table 1: List of documents used for the review of regulations

Safety of Life at Sea (SOLAS) Convention, as amended in 2017

IMO Documents
Fire Test Procedure (FTP) Code, as amended in 2017

Ul SC86
IACS Documents

Ul SC158 1 Horizontal Fire Zone Concept

BV Rules for Steel Ship (NR467), as amended in January 2018
Classification Rules

BV NR598 Al mpl ementati on of Saf
Evacuationo dd. January 2016

7.2.3 Definitions

7.2.3.1 Ro-ro space, vehicle space and special category space
As per SOLAS II-2/3:

f

f

ivehicle spaces are cargo spaces intended for

their own propulsion. o

fi R-m spaces are spaces not normally subdivided in any way and normally extending to either a
substantial length or the entire length of the ship in which motor vehicles with fuel in their tanks for
their own propulsion and/or goods (packaged or in bulk, in or on rail or road cars, vehicles (including
road or rail tankers), trailers, containers, pallets, demountable tanks or in or on similar stowage units

car

or other receptacles) can be | oaded and unl oaded

iSpeci al category spaces are those enclosed
into and from which vehicles can be driven and to which passengers have access. Special category
spaces may be accommodated on more than one deck provided that the total overall clear height
for vehicles does not exceed 10 m. o

Special category spaces are ro-ro spaces to which passengers have access, possibly during the
voyage. Special category spaces are the most frequent type of closed ro-ro spaces on ro-ro
passenger ships.

It is to be noted that open ro-ro spaces are not considered as special category spaces.

7.2.3.2 Closed, open and weather deck
As per SOLAS II-2/3:

f

f

A AAiweather deck is a deck which is completely

t wo sides. 0

I ACS Ul SC 86 additionally det ad/lP aro-tolsmgade fullyfofen r
aboveand with ful/l openings in both ends may be

For practical purposes, drencher fire-extinguishing system cannot be fitted on weather decks due to
the absence of deckhead. This criterion is often used for a practical definition of weather decks.

vehic

[

exXpoc

t he

trea

An open vehicleorro-r o space is fieither open at both ends o

provided with adequate natural ventilation effective over [its] entire length through permanent
openings distributed in the side plating or deckhead or from above, having a total area of at least
10% of the total area of the space sides. 0

A closed vehicle or ro-ro space is any vehicle or ro-ro space which is neither open nor a weather
deck.

As a reference criterion, it can be considered that a vehicle space that needs mechanical ventilation
is a closed vehicle space.
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7.3 Overview of relevant regulations and requirements i Requirements
7.3.1 Containment of fire

7.3.1.1 Horizontal zone concept

Ro-ro spaces are included in dedicated horizontal zones as allowed by SOLAS 11-2/20.2.2.1. A horizontal
zone may:

1 Extend on the whole length of the ship;
1 Include ro-ro spaces on more than one deck provided the total clear height does not exceed 10m

The concept of the horizontal zone is similar to that of a MVZ, i.e.:

1 Most safety systems are to be segregated / provided with section that do not cover more than one
MVZ or horizontal zone

1 Specific attention is paid to the fire integrity of the boundaries of the horizontal zone or MVZ, as
detailed below

7.3.1.2 Fireinsulation

As a general rule, the boundaries of the ro-ro spaces would coincide with those of the horizontal fire zone,
except that small spaces directly related to the ro-ro space (e.g. ventilation room for the ventilation of the ro-
ro space) may be adjacent to the ro-ro space and included in the horizontal fire zone.

As per SOLAS 11-2/9.2.2.1, horizontal zone boundaries are to have:

1 A-60 fire integrity on passenger ships carrying more than 36 passengers (A-0 is acceptable when
the adjacent/below/above space is an open deck, sanitary spaces, voids, water tanks, machinery
spaces with little or no fire risk)

I A-class integrity on passenger ships carrying not more than 36 passengers

As per SOLAS 11-2/20.5 and SOLAS 11-2/9.2.2.4, the boundaries of ro-ro spaces and special category spaces
are to have:

1 A-60 fire integrity on passenger ships carrying more than 36 passengers (A-0 is acceptable when
the adjacent/below/above space is an open deck, sanitary spaces, voids, water tanks, machinery
spaces with little or no fire risk, or when the space below is a fuel oil tank?)

1 A-30 fire integrity on passenger ships carrying not more than 36 passengers (A-60 is required with
respect to spaces with very high fire risk, A-0 is accepted with respect to spaces with low fire risk,
the detail can be found in tables 9.3 and 9.4 of SOLAS I1-2/9)

In general, it is to be noted that these insulation requirements are well adapted for closed ro-ro spaces. For
open ro-ro spaces, they are completed by the general principle stated in SOLAS 11-2/20.3.1.5:

fPermanent openings in the side plating, the ends or deckhead of the [ro-ro] space shall be so situated that
a fire in the cargo space does not endanger [ é] accomr
in superstructures and deckhouses above the cargo spaceso

For the record, i30orA-600bemindednt gt i idA means:

1 Insulated decks and bulkheads are qualified to withstand the tests specified in IMO FTP Code
(30 min exposure for A-30, 60 min exposure for A-60)

Insulation usually needs to be extended on details, recesses, specific shapes etc.

Pipe and duct penetrations are also to be qualified by relevant fire tests

1 Installation on board is to be in line with the tested arrangement

=a —a

2 This is needed for practical purposes: It is indeed not relevant to install fire insulation in a fuel oil tank, as
the insulation would get impregnated with fuel and quickly useless. It is not practicable either to install fire
insulation on deck in ro-ro spaces.

22/181 FIRESAFE Il | Bureau Veritas i RISE i Stena



7.3.1.3 Door requirements

Doors in ro-ro spaces boundaries are to have the same fire integrity as the bulkhead they are fitted in,
provided with permanently attached means of closing (SOLAS 11-2/9.4.1.1.1) and it is to be possible for one
person to open and close the door from each side of the bulkhead (SOLAS 11-2/9.4.1.1.3).

SOLAS II-2/9.6 requires a position indicator (open/closed) at the navigation bridge for each door in special
category spaces boundaries.

In addition, doors in ro-ro spaces boundaries usually also belong to horizontal zone boundaries. In this
respect, according to SOLAS 11-2/9.4.1.1.4, they are required to:

1 Be self-closing

1 Be capable of local control and remote release. It is to be noted that local hold-back devices that
cannot be remotely released are not allowed

1 Be provided with an alarm, which is to sound in case the door is open

1 Be provided with hose ports (for doors located on escape ways)

7.3.1.4 Ventilation system

In general, the ventilation system for ro-ro spaces is to be dedicated to the ro-ro space and is not to serve
any other space as per SOLAS I11-2/9.7.2.1.

As per SOLAS 11-2/9.7.2.2, ventilation ducts serving a ro-ro space and crossing accommodation spaces,
service spaces or control stations are required to:

1 Be made of steel with reinforced thickness
1 Be either provided with an automatic fire damper + A-60 insulation on 5 m beyond the damper or A-
60 insulated throughout the accommodation, service spaces or control stations

The same applies to ventilation ducts serving accommodation spaces, service spaces or control stations if
they pass through ro-ro spaces as per SOLAS 11-2/9.7.2.3.

7.3.2 Evacuation

7.3.2.1 General philosophy

A number of precautions are taken in order to prevent a fire in the ro-ro spaces from jeopardizing escape
from other spaces and ship evacuation.

As a general rule, vertical escape ways arecat egori zed as fAstairwayso (categc
carrying more than 36 passengers and category (4) on passenger ships carrying not more than 36
passengers), which ensures that they are suitably insulated with respect to ro-ro spaces.

In addition, on passenger ships carrying more than 36 passengers, a specific category (category (4)) is
defined to cover AEvacuati on st at i onr6f insalatidn iserequired n a | €
between ro-ro spaces and muster stations; lifeboat/liferaft stowage areas as well as their lowering paths.

7.3.2.2 Protection of escape ways

SOLAS includes provisions that protect the means of escape from spaces below the ro-ro spaces from being
cut off by a fire in the ro-ro spaces:

1 Accommodation spaces, service spaces and control stations are to be provided with two means of
escape, one of which is to be an enclosed stairway providing continuous fire shelter up to the
embarkation deck. Access from the stairway to the embarkation areas is to be insulated as a
stairway, as per SOLAS 11-2/13.3.2.

1 Machinery spaces are to be provided with two means of escape. In addition, SOLAS 11-2/13.5.2
makes it clear that, for machinery spaces where crew is normally employed, one of the escape routes

is not to pass through ro-ro spaces.
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In addition, SOLAS [I-2/13.7 includes a number of provisions aiming at making the escape routes on ro-ro
passenger ships as easy and direct as possible, with a view to quicken evacuation if needed, especially:

1 Minimum number of changes in direction along a direction

1 There should be no need to cross from one side of the ship to the other during escape

1 Passengers should not need to climb more than 2 decks up or down to reach an assembly station
1 External escape routes are required from open decks

7.3.2.3 Protection of LSA

As a general principle, S @dck\ Survivall craft $hall. bk .stbwed asdam asr e st |
practicable, in a secure and sheltered position and protected from damage by fire and explosion.o

SOLAS 11-2/20.3.1.5 further details this principle with respect to closed vehicle spaces, closed ro-ro spaces
and special category spacesandr e g u i r pesmahehtagenins in the side plating, the ends or deckhead
of the space shall be so situated that a fire in the cargo space does not endanger stowage areas and
embar kation stations for survival craft [ é]

Chinese Flag Administration, in their domestic regulations, considers that 3 m distance between ro-ro space
openings and survival craft stowage areas or embarkation stations is sufficient (IMO, 2018).

7.3.2.4 Protection of essential systems to sustain safe evacuation

SOLAS II-2/22 is applicable to passenger ships with length greater than 120 m or with more than 3 MVZ. It
requires that the following systems remain serviceable in the remaining MVZ in case of a fire casualty in any
one MVZ or horizontal zone:

Fire main

Internal and external communication systems

Bilge systems

Lighting along escape routes , at assembly stations and at LSA embarkation stations
Guidance systems for evacuation

= =4 -8 —a A
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7.4 Fireresistance of LSAs

The following report describes fire requirements for Life-Saving Appliances according to Resolution
MSC.48(66): Adoption of the International Life-Saving Appliance (LSA) Code.

Life-saving appliances are split in two groups, i.e. personal life-saving appliances and survival crafts.
7.4.1 Fire requirements for personal life-saving appliances

Table 2 shows the fire requirements for the personal life-saving appliances.

Table 2: Personal live-saving appliances and their fire requirements

Personal life-saving appliances Fire requirements

Lifebuoys shall not sustain burning or continue
Lifebuoys melting after being totally enveloped in a fire for a
period of 2 seconds.

Lifebuoys self-activating smoke signals shall not
Lifebuoys self-activating smoke signals ignite explosively or emit any flame during the
entire smoke emission time of the signal.

Lifejackets shall not sustain burning or continue
Lifejackets melting after being totally enveloped in a fire for a
period of 2 seconds.

Immersion suits shall not sustain burning or
Immersion suits continue melting after being totally enveloped in
a fire for a period of 2 seconds.

Anti-exposure suits shall not sustain burning or
Anti-exposure suits continue melting after being totally enveloped in
a fire for a period of 2 seconds.

7.4.2 Fire requirements for survival craft
Table 3 shows the different types of survival crat and their fire requirements.

Table 3: Survival craft and their fire requirements

Life-saving appliances Fire requirements

The buoyant material shall be fire-retardant or be

Rigid life-rafts protected by a fire-retardant covering.

Hulls and rigid covers shall be fire-retardant or

Lif i
eboats non-combustible.

Fire-protected lifeboat when waterborne shall be

capable of protecting the number of persons it is

Fire-protected lifeboat® permitted to accommodate when subjected to a

continuous oil fire that envelops the lifeboat for a
period of not less than 8 min.

3 Not applicable for RoPax (SOLAS Ill/ 31)
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In the Table 3, the terms fire-retardant and non-combustible are used.

A clear definition of fire-retardant can be found in the MSC/Circ.1006 (IMO, 2001). A material that has been
declared fire-retardant should have been tested according to ISO 5660-1: Cone Calorimeter Tests.

The ISO 5660-1 cone calorimeter test is a fire reaction test. It tests the flammability tendency of a material
by applying a radiant heat flux (50 kW/mZ in the present case) during a certain time (here 40 seconds) and
observing if the material ignites. If the material does not ignite before 40 seconds (acceptance criteria), the
tested material has passed the test.

It can be added that in the MSC/Circ.1006, another term is defined: Flame-resistant. The corresponding fire
test consists on the exposition of the tested material to a gas torch (at approximatively 1 600 °C) for 1 minute.
At the end of this minute, the torch should be removed, and the area of flame impingement should not support
combustion more than 30 seconds.

The second term i.e. non-combustible finds its definition in the FTP Code Part 1: Fire testing of materials for
shipping, non-combustibility. The procedure of this test consists on the insertion of a test specimen inside a
cylindrical furnace tube at 750 °C. The furnace and specimen temperatures are measured continuously
during the test. Potential combustion of the test specimen is registered as temperature rise and/or visible
flames. Mass loss of the test specimen is calculated after the test. These parameters are used to decide if
the product is non-combustible or not.

It should be noted here that the MSC.48(66) does not give any information about the fire requirements for
Launching and embarkation appliances, as well as for the Marine Evacuation Systems.

7.5 Generic ships

7.5.1 Identification of types and sizes of ro-ro passenger ships

7.5.1.1 Purpose and method

For the purpose of making the study in FIRESAFE Il applicable to a vast part of the world fleet of RoPax,
ships were grouped by the following parameters:

1 Passenger capacity;

1 Lane meter capacity;

I Cargo deck type (closed, open, weather or a combination);
1 Size of weather deck (if any).

In order to assess the relevancy of the grouping, it was crosschecked with the Stena fleet of 29 RoPaxes
and with data from a world fleet database. When crosschecking with the Stena fleet, type of trade or usage
of the ship in a fleet network was also considered. After grouping the ships according to above parameters
and the description here, this was checked against a ratio between lane meter and passenger number
(LM/Pax ratio). This ratio was proven to match the grouping to a large extent and it is believed it can be used
as a key figure when grouping the world fleet.

7.5.1.2 Grouping

Four clear groups emerged: Ferry-RoPax, Large RoPax, Standard RoPax, Cargo-RoPax. These groups are
described in detail in Table 4.

4 Lane meter capacity should be used with great care when considering the world fleet as the measure can
differ between operators. Figures used in this report have been provided by EMSA.
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Table 4: Typical description of the main groups

Figures below on passenger capacity and lane meter capacity are examples picked from the Stena
fleet cross check and shall be seen as examples only.
For world fleet grouping LM/Pax ratio is used.
Ferry-RoPax Large RoPax Standard RoPax Cargo-RoPax
RoPax or Ferry . )
with focus on RoPax with focus | RoPax with focus
carriage of on carriage of on carriage of )
General passengers but cargo and of cargo and of RoPax with foc;;s
description which can also passengers. passengers. on c(?ar:;a:)ge 0
carry cargo similar | High lane meter Standard lane '
to a Standard capacity meter capacity.
RoPax.
Just enough to
carry the number
of drivers
Passe_nger 900-2 300 600-1 500 900-1400 necessary to load
capacity the ro-ro spaces
with accompanied
trailers. Less than
400.
Lane meter 1.000-2 300 m Above 3 000 m 1.000-2 300 m 1.000-2 300 m
capacity
All three types of All three types of
ro-ro spaces: ro-ro spaces:
Closed ro-ro
closed ro-ro closed ro-ro
Only closed ro-ro space and large
X spaces, open ro-ro | spaces, open ro-
spaces or mainly d d weather decks.
closed ro-ro spaces an ro spaces an
Deck type weather deck. weather deck.
spaces and a ; .
The size of The size of
small weather . .
weather deck is weather deck is
deck. . .
generally medium | generally medium
to large within this | to large within this
category. category.
LM/Passenger Less than 2 2-7 2-7 More than 7
Stena Stena Flavia or
Visualization Stena Superfast | Scandinavica or Mersey Stena Gothica
Hollandica
Final
G . Ferry RoPax Standard RoPax Cargo RoPax
rouping
7.5.1.3 FIRESAFE Il groups

For the purpose of this study, it was decided to merge Large RoPaxes and Standard RoPaxes. For trade
and usage within a fleet network, the difference between the two groups is acknowledged. This is mainly
due to the different harbour arrangements required to accommodate very large ships.

However, there are also several similarities and the total number of Large RoPaxes is low. Therefore, the
the LM/Pax ratio was retained as the only grouping criteria. Most of the Large RoPaxes were merged with
Standard RoPax and formed the final group Standard RoPax.
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Therefore, the vessels were grouped using the ratio LM/Pax for grouping. The lane meter to passenger ratio
categorized according to the FIRESAFE Il Group on the Stena fleet is provided in Figure 3.

104 Deck Type
Closed
#* ClosediOpen
#* ClosediOpen/Weather
Closed/\Veather

Ratio (LM /Pax)

Weather Deck length
* Small

A |arge

n
1

H NoWD

Ferry-RoPax Standard RoPax
FIRESAFE Il Groups

RoPax-Cargo

Figure 3: Lane meter to passenger ratio categorized according to the FIRESAFE Il Group on the Stena fleet

Not all ships of the FIRESAFE 1l fleet match all the criteria but the definition can be taken as a guideline. The
distribution of the FIRESAFE Il fleet (in black) and of the Stena fleet (in colour) in terms of lane meter capacity

and number of passengers is provided in Figure 4 along with the borders of the FIRESAFE Il groups (red
lines). The large circles represent the Stena ships selected as generic ships.
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Figure 4: Lane meter capacity vs. number of passengers for the FIRESAFE Il fleet (in black) and the Stena fleet
(in colour) and FIRESAFE Il groups (red lines)

7.5.2 Description of the generic ships chosen for the study

7.5.2.1 Cargo RoPax

This sample ship is a representative design of a Cargo RoPax of a size of 13 294 GT. It was designed with
a capacity of 186 persons onboard. The vessel is compliant with all relevant international rules and
regulations. The ship is designed to SOLAS A.265 and later reconstructed to operate as per the SOLAS 90.
Ship has 6 MVZs.

Passenger cabins are located in the superstructure on Deck 4, 5 and 6. Restaurant is located on Deck 6.
The remaining part of Deck 4 consists of a garage and weather deck. Deck 2 is the main deck with ro-ro
lanes throughout the full length of the ship. Lower hold on Deck 1 is for trailers and trucks. Picture of this
ship is provided in Figure 5.

The total ro-ro area (excluding casings etc.) on the Cargo RoPax is 4 364 m2. 67% of this area is located in
closed spaces (lower hold, main deck and garage), the remaining 33% being the weather deck.
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Figure 5: Picture of the Stena Gothica (Cargo RoPax ship)

The main characteristics of the Cargo RoPax ship are detailed in Table 5 and the cargo decks particulars
are further described in Table 6.

Table 5: Main characteristics of the Cargo RoPax ship

GENERAL Cargo RoPax
Length overall 171,05 m
Breath moulded 20,25 m
Draught 527m
Built 1982
Deadweight 4750t
Gross tonnage 13294 t
Net tonnage 3988t
Cargo capacity 1600 Im
Pax capacity 186 pax
Route Goteborg - Fredgrikhamn,
day and night
Passage time 3,5 hrs
Fire pump 1 71 md/h
Fire pump 2 70 m3/h
Emergency fire pump 90 md/h
Drencher pump 288 m¥/h
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Table 6: Description of the cargo decks of the Cargo RoPax ship

General description

Weather deck (+ garage), deck 4

Extinguish

Drencher (garage)
Fire monitors (WD)

Detection

Heat detectors (garage)

Containment

WD + garage with open aft

Ventilation Mechanical

Cargo Standard trailers/trucks

General description Main Deck, deck 2

Extinguish Drencher

Detection Smoke detectors + Heat detectors (Heat det. in

drencher section 6, ships length extended)

Containment

Closed ro-ro space

Ventilation Mechanical
Cargo Standard trailers/trucks
General description Lower Hold, deck 1
Extinguish Drencher
Detection Smoke detectors

Containment

Closed ro-ro space

Ventilation Mechanical

Cargo Standard trailers/trucks

7.5.2.2 Standard RoPax

This sample ship is a common and popular design of a RoPax of a size of 26 904 GT. It was designed for
with a capacity of more than 880 persons onboard. The vessel is compliant with all relevant international
rules and regulations. The ship is designed to and operating as per the SOLAS, 1974. Ship has 6 MVZ.

Passenger cabins are located in the superstructure on Deck 6, above the restaurant on Deck 5. The
remaining part of Deck 5 consists of a weather deck for cars. Below on Deck 4 is located an open ro-ro
space with a small weather deck in the aft. Deck 3 is the main deck with ro-ro lanes throughout the full length
of the ship. A small car deck seldom used (about 82 cars) is located on Deck 2 and some 250 lane metres
for trailers and trucks are situated in the lower hold on Deck 1. Picture of the ship is provided in Figure 6.

The total ro-ro area (excluding casings etc.) on the Standard RoPax is 9 446 m2. The repartition between the
different ro-ro spaces is as follows: 53% of closed spaces (lower hold, main deck and car deck), 32% of open
spaces (garage) and 5% of weather deck.
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Figure 6: Picture of the Stena Flavia (Standard RoPax ship)

The main characteristics of the Standard RoPax ship are detailed in Table 7 and the cargo decks particulars
are further described in Table 8.

Table 7: Main characteristics of the Standard RoPax ship

GENERAL Standard RoPax
Length overall 186,5m

Breath moulded 25,5 m

Draught 6,16 m

Built 2008
Deadweight 5875t

Gross tonnage 26904 t

Net tonnage 8912t

Cargo capacity 2200 Im

Pax capacity 830 pax

Route Nynashamn - Ventspils, day and night
Passage time 6-9 hrs, pending timetable
Fire pump 1 110 m%h

Fire pump 2 n/a
Emergency fire pump 110 m%h
Drencher pump 960 m3/h
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Table 8: Description of the cargo decks of the Standard RoPax ship

dGéa:cerrigltion Weather Deck for cars, deck 5
Extinguish None

Detection None

Containment Weather deck

Ventilation None

Cargo Standard cars, minivans
deggc’arrigltion Open ro-ro space/Weather Deck, deck 4
Extinguish Drencher (except for WD part)
Detection Smoke detectors (except for WD part)

Containment

Open ro-ro space, side openings >10%, open aft towards small WD and ramp

Ventilation Natural + partly mechanical
Cargo Standard trailers/trucks
See:cerrigltion Main Deck, deck 3
Extinguish Drencher
Detection Smoke detectors

Containment

Closed ro-ro space

Ventilation Mechanical

Cargo Standard trailers/trucks, Various ro-ro units

S::Cerrigltion Lower Hold, deck 1 gee:(:erri;a)[[ion Car Deck in Io;ver hold, deck
Extinguish Drencher Extinguish Drencher
Detection Smoke detectors Detection Smoke detectors

Containment

Closed ro-ro space Containment Closed ro-ro space

Ventilation

Mechanical Ventilation Mechanical

Cargo

Standard cars

Standard trailers/trucks Cargo

7.5.2.3 Ferry RoPax

This sample ship is a common and popular design of a Ferry RoPax of a size of 30 285 GT. It was designed
for with a capacity of more than 1 200 persons onboard. The vessel is compliant with all relevant international
rules and regulations. The ship is designed to and operating as per the SOLAS 1997 including Stockholm
Agreement. Ship has 5 MVZ.

Passenger cabins are located in the superstructure on Deck 8, above the restaurant on Deck 7. The
remaining part of Decks 7 and 8 consists of decks for engine casing, life boats and rafts. Below on Deck 5/6
is located a closed ro-ro space with open end to a small weather deck in the aft. Deck 3 is the main deck
with ro-ro lanes throughout the full length of the ship. A small car deck is located on Deck 2 and cars and
vans are stowed in the lower hold on Deck 1. Picture of the ship is provided in Figure 7.

The total ro-ro area (excluding casings etc.) on the Standard RoPax is 9 446mz2. The repartition between the
different ro-ro spaces is as follows: 53% of closed spaces (lower hold, main deck and car deck), 32% of open
spaces (garage) and 5% of weather deck.
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Figure 7: Picture of the Stena Superfast VIII (Ferry RoPax ship)

The main characteristics of the Ferry RoPax ship are detailed in Table 9 and the cargo decks particulars are

further described in Table 10.

Table 9: Main characteristics of the Ferry RoPax ship

ﬂwnnacting Euro%?‘\ %
* foraSustainableFutwre e B

GENERAL Ferry RoPax
Length overall 203,3 m
Breath moulded 25m
Draught 6,6 m
Built 2001
Deadweight 5920t
Gross tonnage 30285t
Net tonnage 10 703t
Cargo capacity 1900 Im
Pax capacity 1 200 pax

Route

Belfast - Cairnryan,
day and night

Passage time

2,5-3 hrs, pending timetable

Fire pump 1 150 m3/h
Fire pump 2 n/a

Emergency fire pump 150 m3/ h
Drencher pump 285 m¥/h
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Table 10: Description of the cargo decks of the Ferry RoPax ship

dGéa:cerrigltion Cargo Deck, deck 5

Extinguish Drencher (except for WD part)

Detection Smoke/heat detector (except for WD part)

Containment Closed ro-ro space with open aft towards small WD

Ventilation Mechanical

Cargo This deck has 4 Ianeg which can take high freight traffjc full 50% of crossings, the 2
outside lanes normally have drop trailers or cars.

Seegcerrizltion Main Deck, deck 3

Extinguish Drencher

Detection Smoke/heat detector

Containment Closed ro-ro space

Ventilation Mechanical

Cargo Mix of running freight traffic and drop trailers. Cars/vans on busy trips.

See:cerrigltion Lower Hold, deck 1 dGee:cerriZItion Car Deck in lower hold, deck 2

Extinguish Drencher Extinguish Drencher

Detection Smoke detectors Detection Smoke detectors

Containment Closed ro-ro space Containment Closed ro-ro space

Ventilation Mechanical Ventilation Mechanical

Cargo Cars, vans. Cargo Cars, vans
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8 HAZARD IDENTIFICATION

Interested readers can refer to the report for Part 1 (detection and decision) of the FIRESAFE Il study for the
analysis of casualty data.

8.1 Hazard Identification i Containment

8.1.1 Review of accident investigation reports

The goal of this section is an investigation of accident reports to report data related to containment and
evacuation.

A total of 22 reports has been investigated. Each report summarizes the historic of the accident as well as
recommendations. This section groups the common data and the specificities of each accident.

The following section was based on investigation of documentation of 22 fire accidents on ships. Collected
data regarding containment and evacuation was collected and summarized.

8.1.1.1 Containment of fire and smoke

Containment is divided into containment of smoke spread and fire spread.

8.1.1.1.1 Smoke

In many investigated cases, smoke spread was contained by shutting off the ventilation on decks or in
accommodation sections or both. Some other ways mentioned in the documentation were closures of fire
doors, dampers (manual closure) and air vents. In case of the fire on Pearl of Scandinavia (as stated in the
Marine Accident Report), altering the shipds cou
the smoke spread over and along the ferry. In the case of the accident of Amorella, the ventilation was
designed in the following way: overpressure was implemented in the accommodation sections and under-
pressure in the car decks. This design avoided smoke propagation in the passenger compartments, except
some minor odours according to the official report. The behaviour of the smoke in this case was the
consequence of both stopping the ventilation of the car deck and opening the suction channels and
maintaining the ventilation of the cargo spaces in operation.

8.1.1.1.2 Fire

Fire spread in accidents described in the investigated reports was prevented by different means and
combinations of them:

1 Activation of the drencher to extinguish the fire (Knossos Palace)

9 Activation of the drencher in adjacent sections to prevent the spread to other cars (Stena Spirit)
1 Closing of air vents (Volcan de Taburiente)

1 Boundary cooling (Vincenzo Florio)

8.1.1.2 Issues with containment

In several investigated cases, some issues regarding containment of smoke and fire were highlighted. A few
reports stated spread of smoke to accommodation compartments despite undertaken measures mentioned
in the previous section. During the accident on Commodore Clipper, the smoke spread to the accommodation
and restaurant area where passengers were mustering even though the ventilation was shut down, fire doors
and dampers were closed. In case of fire on Vincenzo Florio, smoke reached the passenger area and an
engine room because fire dampers had not been closed. The Marine Accident Report on Stena Spirit stated
that walls and doors separating vehicle area from other spaces of the ship were not designed properly and
did not create a sufficient fire class division. In the accident on Pearl of Scandinavia, smoke which spread to
the accommodation area resulting in re-activation of the ventilation system in mentioned space.
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8.1.2 Fire Containment Hazard ldentification workshop

A Hazard Identification (Hazld) workshop was held at Bureau Veritas in Paris, 22 February 2018. A Fire

Hazld workshop is a systematic brainstorming session carried out by a multidisciplinary design team, to

investigate the fire safety of a specific subject. The selected participants should mirror the diversity of the

subject in the sense that they should possess all the necessary competence to identify potential hazards
andriskcont r ol measures for the specific subject. -rdhe fo
spaceso0 and the experts AmextAbhXrawung wihrtheir gxpertise & pdrtieudarlyi n

design, fire safety, risk analysis, operation and regulations for ro-ro passenger ships.

A spreadsheet was developed prior to the Hazld workshop, to guide the procedure and for documentation
of results. The spreadsheet and the Hazld procedure was based on a Failure Mode and Effects Analysis
(FMEA) risk analysis procedure, which is commonly used in risk management.

Initially in the workshop, different means for fire containment were identified as:

1 Fire/flame integrity
1 Smoke integrity
1 Heat insulation

Before starting to identify failure modes for each means of fire containment, and to assist in this process,
desired properties and affecting conditions were identified for the means of fire containment. Thereafter, ship
conditions, systems, procedures, etc. were considered to identify failure modes and resulting effects of
failure. These were divided on the three types of ro-ro spaces, namely closed ro-ro space, open ro-ro space
and weather deck. Associated risk control measures were also identified in relation to each failure mode and
significant related comments were noted. This procedure was repeated for each means for fire containment,
as long as failure modes could be identified, and then for the other means for fire containment.

Furthermore, prior to the FIRESAFE Il study, a more extensive Fire Hazld workshop with a more general

focus -rom dipaodce fire safetyodo was commercially organi ze
Participants in that Hazld workshop were four research scientists with expertise in risk management, fire

safety engineering, fire hazard identification, vehicle fire cause investigation, maritime regulations, ship fire

safety and ship surveying, as well as nine senior officers and fleet managers (masters, chief engineers and

naval architect) selected for their competence and interest in RoPax fire safety issues. The results from that

Fire Hazld were not made publicly available but by acceptance from Stena, the results related to fire
containment were used to complement the results of the workshop organized within FIRESAFE II. Identified

hazards and proposed RCMs from other projects were also incorporated as appropriate and the participants

were also given the opportunity to make post-Hazld additions.

The resulting tabulation of fire containment hazards and risk control measures is documented in Annex Al.1.
Some notable results from the workshop were:

9 Side openings were considered a major hazard for fire and smoke spread to Life Saving Appliances
(LSAs), ventilation inlets, decks above, but also end openings pose a significant hazard,;

1 Openings provide oxygen to the fire;

1 A major concern with ro-ro space fires is that the space is not sub-divided, meaning that an
uncontrolled ro-ro space fire may involve the whole length of the ship. The fire will quickly grow
intense and could last for a very long time (days);

1 Ongeneral ro-ro cargo ships, fire insulation (A-30) is required between decks, but this is not required
on RoPax ships (except every 10 meters in height). Without insulation, fire vertical spread after about
10 minutes is possible (without extinguishing system activated);

1 Fire spread to weather deck, due to flame spread though openings or heat transfer through the deck,
is difficult to avoid due to lack of fire integrity and limited possibilities for management (only manual
efforts, limited equipment, accessibility problems, etc.). Fire spread to weather deck is associated
with high risk since there are no fixed means for extinguishment and the accessibility for safe manual
firefighting is limited, which gives a high probability of an uncontrolled fire;
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1 Smoke spread from the ro-ro space to the accommodation part of the ship is a major concern and it
is difficult to achieve an over pressure in all spaces adjacent to a ro-ro space; and

1 Doors to the ro-ro space are generally not smoke tight, since this is not tested in accordance with
the Fire Test Procedure (FTP) Code.

8.2 Hazard Identification i Evacuation

8.2.1 Review of accident investigation reports

The goal of this section is an investigation of accident reports to gather data related to containment and
evacuation.

A total of 22 reports has been investigated. Each report summarizes the historic of the accident as well as
recommendations. This section groups the common data and the specificities of each accident.

The following section was based on investigation of documentation of 22 fire accidents on ships. Collected
data regarding containment and evacuation was collected and summarized.

8.2.1.1 Evacuation

In almost all the investigated accidents passengers gathered in assembly stations designated in evacuation
plans. Assembly stations were usually located in the restaurants or decks. In case of fire on Norman Atlantic,
passengers moved to the only left safe place located on one of the decks. In some cases, passengers were
ordered to put on life jackets. During the accident on Mecklenburg Vorpommern, a survey of evacuation
route was done. One example where passengers went back to their cabins from the assembly station, after
the fire was distinguished, was accident on Commodore Clipper. In all reported instances, the evacuation
was based on alarm or spoken message from one of the crew members. A smooth evacuation was described
by LMIU report and took place at Vincenzo Florio ship. All passengers were evacuated safely using the aid
of lifeboats and afterwards two assisting vessels.

8.2.1.2 Issues with evacuation

In several reports some issues regarding evacuation were stated.

In case of the accident on Pearl of Scandinavia, smoke reached the accommodation areas and the presence
of the passengers was verified by smoke divers. A failure of an early evacuation was observed on Al Salam
Boccacio 1 the process was uncoordinated due to lack of communication within the crew or between the
crew and passengers. Passengers jumped into water and tried to reach life rafts. Investigated reports stated
two incidents of electricity black out.

In case of fire on Knossos Palace, it took 3 hours to disembark passengers from the ship through emergency
exits due to damaged cables providing power to the drawbridge. Eventually, mobile stairs belonging to
Olympic Airways and hydraulic lifts from fire brigade were used for disembarkation. In case of fire incident
on Vincenzo Florio, fire stopped the engines and only one generator was working, keeping several
emergency lights lit. As a consequence, some people got hurt when evacuating.

Another evacuation issue was reported on Stena Spirit, where no adequate evacuation route was designated
in the vehicle space. This also impeded the firemen to have access to transported vehicles during firefighting
and rescue operations.

Lastly, on Norman Atlantic, some evacuation and rescue means were lost.

8.2.2 Evacuation Fire Hazard ldentification workshop

A Hazard Identification (Hazld) workshop was held at Bureau Veritas in Paris, 22 February 2018. A Fire
Hazld workshop is a systematic brainstorming session carried out by a multidisciplinary design team, to
investigate the fire safety of a specific subject. The selected participants should reflect the diverse aspects
of the subject in the sense that they should possess all the necessary competence to identify potential

hazards and risk control measures f or t hvacuatigneffedtel i c
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