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Abstract

This is a study commissioned by the European Maritime Safety Agency, EMSA. It consists
of two parts, investigating risk control options (RCOs) for mitigating the risk from fires on

ro-ro decks. The first part considers RCOs in relation to Electrical Fire as ignition risk and
the second part considers RCOs to mitigate the risk of Fire Extinguishing Failure (with
focus on drencher systems) . The study considers both newbuildings and existing
passenger ships, and has been done per the instructi ons and limitations in the Tender

Specifications (EMSA /OP/01/2016).

The ships included in the analysis were selected based on criteria as agreed by EMSA and
the fleet at risk consisted of 490 ships. EMSA provided information about which ships
were engage d in international trade.

Historical risks and hazards have been found and complemented with two fire hazard
identification (Hazld) workshops . The project developed three risk models to be used to

investigate the effects of RCOs on the PLL and costs.

Six RCOs were selected for quantitatively analysis in the risk models for the risk of

electrical fire ignition and six for drencher failure. Many other RCOs are very promising
and could be further analysed in the future. The selected RCOs for this study wer e:
Electrical faults: Drencher failure:

- Robust connection boxes - Remote control

- Only ship cables - Rolling shutters

- IR camera - Efficient activation routines

- Training for awareness - Fresh water activation/flushing

- Only crew connections - CCTV

- Cable reeling drums - CCTV + Remote control
These RCOs were analysed in a cost benefit analysis which calculated the GCAF and NCAF
values for the different RCOs. After analysing the outcome of the cost benefit

assessment, the following conclusions could be drawn:

- Trainin g solutions are the most cost effective RCO.

- In this study A -0 shutters were investigated but other solutions exist. More
inexpensive shutters will likely be available in the near future.

- Robust connection boxes have the highest risk reduction for fires ig nited by
electrical failures .

- The number of accident cases was not sufficient for a full statistical study,
(however it was higher than the statistics used in some other FSAS).

- Input values are not definitive ; they will improve with more statistics and mo re
assessment.

- Quick response to fire is the most important safety precaution.

- The outcome is also dependent on other aspects e.g. detection.

- RCOs are also influencing other aspects. If this had been considered in the
analysis, some of the RCOs that were n ot selected for quantitative analysis might
have been foundto be cost effective.




Summary
This is a study commissioned by the European Maritime Safety Agency, EMSA. It consists

of two parts, investigating risk control options (RCOs) for mitigating the ri sk from fires on
ro-ro decks. The first part considers RCOs in relation to Electrical Fire as ignition risk and
the second part considers RCOs to mitigate the risk of Fire Extinguishing Failure . With
regards to extinguishing failure the focus has been on f ailure of drencher systems (as

requested by the tender specifications). Both fire extinguishing and fire suppression have

been analysed. The study considers both newbuildings and existing passenger ships, and

has been done per the instructions and limitati ons put forward by EMSA in the Tender
Specifications (EMSA /OP/01/2016) and during the work.

To define the problem, possible fire development has been investigated. Factors that

affect the fire growth on ro -ro spaces include ventilation and available fuel . Ro-ro spaces
are categorized as either open, closed or weather decks. An open ro -ro space is generally
a space with more than 10% openings in the sides. A ro -ro space is defined as a closed
space if it is not an open or a weather deck. This way of defini ng a closed space leads to
some difficulties in a fire analysis since also a closed deck could have openings that cover

9.5% of the sides. The implications of large openings were discussed and calculations of

the rate of fire growth have been done with dif ferent sizes of openings.

A fire on an open deck could grow to several hundred MW while fires on spaces with

smaller openings are restricted by the available oxygen. Also in closed spaces the fire

could continue for some time before it becomes ventilation controlled. Some calculations
were done in this study to get an understanding of possible fire growth and fire
developments. If the ventilation is kept on with 10 air changes per hour the fire will grow

to about 60 -70 MW after 40 minutes and continue to b urn with 60 MW until the fuel is
consumed (up to 7 hours). These calculations were done on a generic ship which was

defined as an average of the ships covered by the study. Even with such small openings

as 1% (with natural ventilation) the fire could conti nue to burn with about 40 MW. In a

completely closed space the fire will consume all available oxygen and self -extinguish .

This will not happen until after 30 minutes due to the large size of the ro -ro spaces .

The study has been done in accordance with th e ARevised Guidelines for
the IMO Rule -Ma ki ng Pr oc e s s-MEPER/Girc.{2MBeR.1 ). In particular, itis step

2, step 3 and parts of step 4 that have been considered. Step 1, identification of the

hazards that should be analysed was done by EMSAs Group of Experts prior to this study.

The outcome was an instruct ion for this study to focus on the risk of electrical fire
ignition and the risk of suppression failures of drencher systems.

A thorough analysis of the fleet at risk has been do ne based on the information and
instructions from EMSA. The ships that have been included in the analysis were selected
based on the following criteria:

- classed as Passenger/Ro -Ro Ship;

- engaged on international voyages or EU domestic class A;

- grosstonna ge equal or greater than 1,000;

- with a keel laying date on or after 25/05/1980;

- Froude number less than 0.5; and

- Classed or having been classed by one the IACS members.



After applying the above selection criteria, the fleet at risk consisted of 490 ships. It was
difficult to determine which ships were engaged in international trade. Information about

this was provided by EMSA based on information available to them. The characteristics of

the fleet at risk has also been analysed and described. This informati on was used to
define a generic ship which was used as basis for the calculations regarding loss of life,

costs of fires and costs of RCOs.

The next step was to determine the historical risks of the selected ships. This was done

by analysing available ¢ asualty statistics and on a review of historical data. The effect s of
some characteristics (e.g. age or ship size) on the accidents and incidents frequency

have also been investigated. Furthermore, this analysis provided more insight about fires

on ro -ro d ecks on ro -ro passenger ships and could thus serve as inputs for quantifying

the risk models. The resulting outcome s of the analysis were estimation of historical
Potential Loss of Life (PLL) and initial accident frequency of fires on ro -ro decks.

The dat a sources that have been used in the study were:

- FSlI21/5

- MARINFO Database (EMSA)
- IHS Casualty Database

- EMCIP Database (EMSA)

- GISIS (IMO)

Historical data is however not enough to find all possible hazards and risks.
Consequently, two fire hazard identifi cation (Hazld) workshops have been organised. One
was held prior to this study by STENA and SP as part of an internal fire safety project in

the STENA Rederi AB . The focus on that Hazld was to investigate all possible risks and
hazards regarding fire safet y on ro -ro spaces . This Hazld was then complemented by
comments and views from the project team including BV and EMSA experts.

This project has also developed three risk models to investigate the effects of RCOs on

the PLL and costs. First a main risk mod el was developed based on the work by EMSAs
GoE. This consists of an event tree starting from ignition of a fire. All possible accident
scenarios were iden tified and described leading to 21 branches of the event tree. Each
branch represents a possible acci dent scenario.

Two sub -models were also developed to provide input to the main model. One is a fault

tree that will give the probability of ignition of a fire. The aim of this model is to
determine the effects of the RCOs concerned with the probability of ignition from
electrical failures. The model also considers other fire causes than electrical faults since it

is necessary to estimate probabilities of all types of fires to analyse the effect of the

RCOs. The model could be further developed to include m ore details about other fire
causes.

The second sub -model is also a fault tree. This tree gives the probability of failure of fire
suppression/extinguishing with a focus on drencher systems. It includes manual

firefighting but this is only analysed genera lly since it was out of the scope of the study.
The success of a drencher system is dependent on both the time of activation in relation
to the fire growth and on the type of ro -ro space (open or closed). This made it



necessary to develop four separate fau It trees. The structure of the trees is identical but
the input values are different.

The consequences and the costs of fires could now be determined for the generic ship

without any RCO. The input values to the models were based on statistics from the

historical data, reliability data and expert judgement. It should be noted that the number

of accidents in the FIRESAFE fleet of risk are limited in a statistical point of view. It has

thus been necessary to rely on expert judgement which could introduce add itional
uncertainties.  The input data used in the study shall thus not be treated as fixed or
absolute and it should instead be adjusted as more statistical and expert information are

obtained.

The costs of fires have been determined based on the accident scenarios and experience
from STENA. The fatality rates or number of fatalities for each accident scenario have
been extracted from a previous FSA study on RoPax and compared with  historical data .

In the Hazlds a large number of RCOs were proposed. This list was complemented with
proposed RCOs from other projects and accident investigations. A coarse selection was
then done in three sessions with the project team, BV and STENA experts and EMSA. Six

RCOs were selected for quantitatively analysis in the ri sk models for the risk of electrical

fire and six for drencher failure. There are many other RCOs that are very promising and

these could be further analysed in the future. The selected RCOs are:

Electrical faults:
- Robust connection boxes
- Only ship cables
- IR camera
- Training for awareness
- Only crew connections
- Cable reeling drums

Drencher failure:
- Remote control
- Rolling shutters
- Efficient activation routines
- Fresh water activation/flushing
- CCTVv
- CCTV + Remote control

These RCOs were analysed in a cost ben efit analysis. The RCOs influence different nodes
in the sub -models and in some cases also nodes in the main model. Since some of the
benefits from the RCOs include both precautions against human and technical errors the
effect of a RCO on a node had to be estimated by expert judgement. In a cost benefit
assessment, the GCAF and NCAF values were calculated for the different RCOs.

Conclusions

Fires on board ships are a complex problem and many different fire developments could

be expected. In most cases a fire starts as a small smouldering fire and after an incipient
phase it will start to grow. When it starts to grow it usually grows very quickly. The
development of fires is highly dependent on ventilation and available fuel.
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After analysing the outcome of the cost benefit assessment, the following conclusions
could be drawn:

- Training solutions are the most cost effective RCO.

- Fire shutters is the most risk reducing RCO for suppression failures. In this study
A-0 shutters were investigated but other so lutions exist. More inexpensive
shutters will likely be available in the near future.

- Robust connection boxes have the highest risk reduction for the electrical model.

- The number of accident cases was not sufficient for a full statistical study,
(however it was higher than the statistics used in some other FSAS).

- Input values are not definitive, they will improve with more statistics and more

assessment.
- Quick response to fire is the most important safety precaution.
- The outcome is also dependent on other aspects e.g. detection.

- RCOs are also influencing other aspects. If this had been considered some of the
RCOs that were not selected for quantitative analysis might have been cost
effective.
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Definitions

Classes of passenger ships as defined in Article 4 of Directive 2009/45/EC of the
European Parliament and of the Council of 6 May 2009 on sa fety rules and standards for
passenger ships . Passenger ships are divided into the following classes per the sea area
in which they operate:

06Cl ass A6 means a passenger ship engaged on domest.i
covered by Classes B, C and D.

6Cass B6 means a passenger ship engaged on domestic
is at no time more than 20 miles from the line of coast, where shipwrecked persons can
land, corresponding to the medium tide height.

0Cl ass Cbd means a p ageda danestic veyhgespn seanageas where the
probability of exceeding 2,5 metres significant wave height is smaller than 10 % over a
one-year period for all -year -round operation, or over a specific restricted period of the
year for operation exclusively in such period (e.g. summer period operation), in the
course of which it is at no time more than 15 miles from a place of refuge, nor more than

5 miles from the line of coast, where shipwrecked persons can land, corresponding to the
medium tide height.

&l ass D6 means a passenger ship engaged on domestic
probability of exceeding 1,5 metres significant wave height is smaller than 10 % over a

one-year period for all -year -round operation, or over a specific restricted period of the

year for operation exclusively in such period (e.g. summer period operation), in the

course of which it is at no time more than 6 miles from a place of refuge, nor more than

3 miles from the line of coast, where shipwrecked persons can land, correspon ding to the

medium tide height.

Closed ro -ro (vehicle) spaces are ro -ro (vehicle) spaces which are neither open ro -ro
(vehicle) spaces nor weather decks (SOLAS Il -2/3.12 and SOLAS Il  -2/3.13).

Open ro -ro (vehicle) spaces are those ro -ro (vehicle) spaces wh ich are either open at
both ends or have an opening at one end, and are provided with adequate natural

ventilation effective over their 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 (SOLAS Il -2/3.35 and SOLAS Il -2/3.36).

Weather deck is a deck which is completely exposed to the weather from above and from

at lea st two sides (SOLAS Il  -2/3.50).

Casualty types
The following definition of casualty types are considered in IHS:

- Foundered (FD) i includes ships which sank as a result of heavy weather, leaks,
breaking into two, etc., and not as a consequence of other categories such as
collision etc.

- Fire/lexplosion (FX) I includes ships where fire/lexplosion is the first event

reported, or where fire/explosion results from hull/machinery damage, i.e. this
category includes fires due to engine damage, but not fires due to collision etc.

- Collision (CN) 1 includes ships striking or being struck by another ship, regardless
of whether under way, anchored or moored. This category does not include ships
striking underwater wrecks.
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Contact (CT) 1 includes ships striking or being struck by an external object, but

not another ship or the sea bottom. This category includes striking drilling
rigs/platforms, regardless of whether in fixed position or in tow.

Wrecked/stranded (WS) i includes ships striking the sea bottom, shore or
underwater wrecks.

Hull/machinery damage (HM) i includes ships where the hull/ma chinery damage
is not due to other categories such as collision etc.

Severity
As reported in EMSA 3 (EMSA, 2015a), in the IHS database, an event is categorized as
serious if it fulfils one of the following conditions:

Structural damage, rendering the ship unseaworthy, such as penetration of hull
underwater, immobilization of main engines, extensive damage, etc.
Breakdown

Actual Total Loss
Any other undefined situation resulting in damage or financial loss which is
considered to be serious.

As reported in (  EMSA, 2015b), EMSA defines the severity categories as follows:

VERY SERIOUS CASUALTIES are marine casualties involving the total loss of the

ship or a death or severe damage to the environment.

SERIOUS CASUALTIES are marine casualties to ships which do not qualify as very
serious casualties and which involve for example a fire, collision, grounding, heavy
weather damage, suspected hull defect, etc., which result in the ship being unfit

to proceed or pollution.

LESS SERIOUS CASUALTIES are marine casualties t hat dondt qualify

serious or serious casualties.
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1. Introduction

This is a study commissioned by the European Maritime Safety Agency, EMSA. It consists
of two parts, investigating risk control options (RCOs) for mitigating the risk from fires on

ro-ro decks in relation to Electrical Fire as ignition risk and Fire Extinguishing Failure . The
study consider s both newbuildings and existing passenger ships. Information f rom other
research projects has  beenused to avoid duplication of the work.

The stud y has been done per the instructions and limitations put forward by EMSA in the

Tender Specifications (EMSA /OP/01/2016) and during the work.

1.1. Background
The EMSA tender specifications background is recalled and completed below.

The IMO Correspondence Group on Casualty Analysis (FSI 21 /5; 2012 ) reviewed a
number of fires on vehicle decks of either ro -ro passenger or ro -ro cargo ships that took
place in the period from 1994 to 2011. Their report of March 2013 noted:

1 161 There have been a number of sign ificant fire incidentsonro  -ro passenger
vehicle decks since 1994 and there is no sign of these diminishing. Since 2002
there has been a very serious incident every other year, resulting in six
constructive total |l osses. 0

T A62 A signif i can tncidentsidveaccuroetl asta Fesult of electrical
fires, particularly relating to refrigerated trailers, but also in some cases from the
ship's own equipment. 0o

T A63 Many of the findings of the casualty investig

well -known prob lems, e.g. the need to deploy drencher systems early in the fire,
problems associated with water accumulating on the vehicle decks, structural fire

integrity and fire containment. 0
The report was brought to the attention of MSC at its 92 nd session and th e relevant
recommendations were forwarded to the SDC 1 and the SSE 1 sub -committees
((SDC 1/24/1 ; 2013) and (SSE 1/20 ; 2013) ). However, in the absence of any
i ntervention, SDC diateréstéd MemberoGovemments and ifternational
organizations to submit proposals for new outputs to the Committee 0 ((SDC 1/26 ; 2014),
§24.6).
EMSA has further analysed this type of accident using the in -house EMCIP database

(European Marine Casualty Information Platform which is managed by EMSA), as well as

the M ARINFO database which is populated with data from four commercial providers.

This analysis has shown that the number of fires on ro -ro decks remains at high levels,
including very serious accidents of which the NORMAN ATLANTIC and the SORRENTO are

the most recent.

Statistics on this issue present a compelling need to consider whether any practicable
solutions could be found to reduce the risk posed by fires on ro -ro decks.

21



Further on the subject, the European Commission and associated countries have

pro posed at MSC 97 that the Maritime Safety Committee establish es a new output on its
work programme, for action by the Sub -Committee on Ship Systems and Equipment,
with support as required from the Sub -Committees on Ship Design and Construction and

Human Ele ment, Training and Watchkeeping, with three sessions required to complete it
(MSC 97/19/3 ; 2016).

1.2. EMSA initiative

In September 2015, EMSA held a workshop on fires on ro -ro decks for maritime
administrations and accident investigation bodies, togeth er with relevant speakers from
industry. Following this workshop, a Group of Experts (GoE) was formed to discuss and

further analyse this issue. One of the first tasks of the group was to evaluate and score

the different risk areas that were identified in the casualty analysis correspondence group

of the IMO FSI sub -committee which led to the development of document FSI 21/5

(FSI 21/5; 2012) . The results of this exercise showed that the experts consider that
Electrical Fire as ignition risk and Fire Extingu ishing Failure are the greatest risk
contributors. Consequently, it was proposed that EMSA will initiate the present study to
further investigate these two risks and potential risk control options.

1.2. Electrical fire as ignition risk (first part)
1.2.1. Objective  and scope
The main objective of the first part of the study is to identify a range of RCOs and assess
those most likely to be cost beneficial in relation to cabling and electrical equipment
faults leading to electrical fires on any ro -ro passenger ship, considering both open and
enclosed ro -ro spaces. Other work dealing with the subject has been taken into

consideration without being duplicated.

The study use s common tools for risk analysis as described in the Formal Safety
Assessment (FSA) Guidelines o f IMO (MSC-MEPC.2/Circ.12/Rev.1) . Relevant accident
data provided by EMSA  has been used in combination with other available data.

The analysis address es both newbuildings and existing ships and different types of ro -ro
spaces (e.g. open or closed) .

1.2.2. Descr iption
This study is based on that the Electrical Fire as ignition risk has been identified as one of
the main risk contributors by the Group of Expert on fires on ro -ro decks. Therefore,
cabling and electrical equipment faults leading to electrical fires on any ro -ro spaces have
been selected for further analysis. Other possible fire risks on ro -ro decks such as non -
electrical cargo fire or arson are thus outside the scope of this section and has not be en
investigated into details . However, they are inclu  ded in the risk model since the total
probability needs to be assessed. The RCOs that are most likely to be cost beneficial for
both newbuildings and existing ro -ro passenger ships  has been analysed quantitatively.
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For this study, the design of different ro-ro spaces ha s been analysed. One

representative generic vessel representative of the world fleet was used as a base for the
analysis.

1.3. Fire extinguishing failure (second part)

1.3.1. Objective and scope

The main objective of the second part of the study has been to identify a range of RCOs
and assess those most likely to be cost beneficial in relation to fire extinguishing failure
on board any ro -ro passenger ship, considering both open and enclosed ro -ro spaces.
However, as requested by EMSA the work has f ocused on failure of drencher systems.
Other work dealing with the subject has been taken into consideration without being
duplicated.

The study use s common tools for risk analysis as described in the Formal Safety
Assessment (FSA) Guidelines of IMO. Rele vant accident data provided by EMSA has been
used in combination with other available data.

The analysis has address ed both newbuildings and existing ships and different types of

ro-ro spaces (e.g. open or closed).

1.3.2. Description
In this part of the study t he risk of unsuccessful or partially successful deployment of
drencher systems has been investigated. RCOs that decrease s this risk has been
proposed and the RCOs that are most likely to be cost beneficial for both newbuildings
and existing ro -ro passenger ships has been analysed. The difference between open and

closed ro -ro spaces has been considered . It should be noted that weather decks are only
included in the general picture.

Furthermore, a space with large openings which are too small to classify the space as an
open space is classified as a closed ro -ro space, e. g. a fAgarageo
part open. All spaces with less than 10% openings are classed as a closed ro -ro space.

This has been considered when possible RCOs were investigated since the fire growth is
dependent on if the space could be closed in a way that leads to a ventilation controlled

fire. Also, the performance of detection and suppression systems is affected by this. A
general discussion of this is included in the study as in put for choosing fire scenarios,
RCOs and evaluation methods.

1.4. Scope and limitations of the study

Based on the tender specification and discussions with EMSA it was decided that the

study should only consider ro-ro passenger ships and that ro-ro cargo s hips and pure car
carrier should be excluded. It should be noted that ro-ro cargo ships and PCC could
benefit from many of the RCOs discussed in the study.

The study will only look at SOLAS ships and EU category A ships  and not on ships in
domestic trade. In many countries, it is required that ships trading in sea area A shall

fulfil the SOLAS requirements.

Only ships built to SOLAS 74 are included which means that ships built before 1980 are
excluded . As discussed later in the report the expected life time for ro-ro ships is about
35 years even though there are many old ships sailing in European waters.
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Ships built to the High Speed Craft code are e xclude d since the requirements in this code
are based on another concept than SOLAS.

The tender specification s requests that the study shall f ocus on drencher systems and
consequently other fixed systems, such as CO2 will not be discussed in detail.

Manual extinguishment has been included in the detailed model for fire suppression  but
has not been analysed in det ail.

Electrical and hybrid vehicles are only included in part one, electrical fire causes.

Alternative fuel vehicles are not considered unless they make a significant impact on the

results.

1.5. Regulations  and rules
As seen in the scope above the study will o nly cover ships built to the SOLAS convention.
In SOLAS it is mainly chapter I -1 A Con st rBouctureg subdivision and stability,
machinery and electrical i ns2t afl Carn s tornBietpraauion, c hapt er
fire detection and fire extinc tiono t hat ar e of i nterest for t hi
regulations and requirements that have been considered are described when the different

issues are discussed in the report.

In general, the regulations only contain the main requirements while the te chnical details
could be found in different codes, e.g. the Fire Safety Systems code and the Fire Test
Procedures code. Furthermore, there are a large number of circulars and resolutions that

also needs to be considered.

SOLAS chapter Il -1 contains elect rical requirements for ships. In regulation 1-1/3-1itis
required that in addition to the requirements contained elsewhere in the present
regulations, ships shall be designed, constructed and maintained in compliance with the

structural, mechanical and e lectrical requirements of a classification society or with
applicable national standards of the Administration which provide an equivalent level of

safety.

Regulation 3 -1 - Structural, mechanical and el ectrical requirements for
ships .

In addition to the r  equirements contained elsewhere in the present regulations, ships

shall be designed, constructed and maintained in compliance with the structural,
mechanical and electrical requirements of a classification society which is recognized

by the Administration in accordance with the provisions of regulation XI -1/1, or with
applicable national standards of the Administration which provide an equivalent level

of safety.

Part D of chapter I -1 contains the most of the requirements for the electrical
installations on board ships. One important requirement is regulation 40.2 that requires

that the administration shall take appropriate steps to ensure uniformity in the
implementation and application of the provisions of this part in respect of electrical
installations . A footnote is included which refers to the recommendations published by

the International Electrotechnical Commission and, in particular, Publication IEC 60092 -
Electrical Installations in Ships.

Footnotes in SOLAS are not mandatory but it is up to th e administration to decide on
this. Furthermore, all international conventions (e.g. SOLAS) need to be incorporated into
the national legislation to be put into force. As an example, it could be mentioned that
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Sweden has put this requirement into force wit h the regulations TSFS 2014:1 where it is
required (Chapter 3 regulation 18 38) that SOLAS ships shall fulfii a recognized
classification societyédés rules and | EC 60092.

Consequently, it is not mandatory according to SOLAS to have a ship classed by a
classification society. However, it is required by many Administrations that ships
electrical systems shall be designed according to the requirements of a classification
society. And if not the system shall be designed according to a national standard giving

th e same level of safety. Since the requirements of different classification societies differ
somewhat it could not be assumed that all ships fulfil similar requirements, even though
it is likely that IEC 60092 is applied with by most ships.

The requirement s for fire safety of ro  -ro spaces could be found in chapter II -2 regulation
20 in the SOLAS convention. The detailed requirements for the suppression system are
regulated in MSC.1/Circ.1430.

1.6. Scientific studies/articles

A literature study was performed to study the critical factors that influence the fire
development on aro -ro deck to support fire load calculations, estimate the fire growth

rate of aro -ro fire and how to estimate the duration and intensity of an uncontrolled ro -
ro deck fire at varying ve ntilation conditions.

The fire load and the potential fire growth rate on a ro -ro deck can, of course, vary
significantly depending on the variety of cargo that can be found; cars, trucks, busses,

caravans, general cargo and dangerous goods can all be tra nsported onaro -ro deck.
Many studies have been performed on the fire development of cars, typically to be used

in assessing the fire safety of parking garages etc. which is relevant for ro -ro deck fires
as well. Yuguang Li has studied and contemplated se veral of these reports (Li, Y.; 2004)
and estimates on fire load and fire growth rates for single and multiple cars can be found.

The fire load and expected fire growth rate of other relevant combustible materials such

as wood pallets, hydrocarbons etc. can be found in fire dynamics handbooks (Karlsson,
B. and J.G. Quintiere ; 2000).

A series of model scale experiments representing vehicle deck fires was performed at SP

in 2002 [Larsson, | . et al; 2002]. This study concluded that the degree of ventilation a nd
supply and oxygen are decisive in determining the development of a fire on a vehicle

deck. Even with all ventilation openings closed the fire can reach a large size and present

a significant risk to crew and passengers. This risk increases with large ve ntilation
openings.

Further, the study demonstrated that a two -zone model can represent aro  -ro deck fire
regarding global gas temperatures, smoke layer height and oxygen concentration with
satisfactory results. Hence, for a given fire growth rate (which is an input in the model)
2-zone models can be used to estimate the time to reach tenability limits and as an input
for determining ship damages from a fire scenatrio.

Another important study regarding fire safety on ro -ro decks is the IMPRO project
[Arvid son, M .; 2010] that investigated the efficiency of water based active firefighting
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systems for ro -ro spaces. This study concluded, in short, that drencher discharge
densities must be increased to achieve sufficient efficiency in fire scenarios relevant on
vehicle decks today. As a result of the IMPRO project the requirements for water based
firefighting systems w  ere revised (except for systems designed as alternative systems)
with the developmento f (MSC.1/Circ.1430 ).

2. Problem definition

2.1. Ship designs
Ship s have been designed with ro  -ro spaces for many years with first roll  -on roll -of ships
being train carrier and invented in 1840 decade in UK, was extended to military purpose
during World War | to cross the channel between UK and France and commercially
adapt ed to all road vehicles after proven effectiveness with World War Il landings.

The concept is very easy to understand , it is a space into which one could drive cars,
trucks and cargo, roll on roll off. However, the definition has always been somewhat

comp licated. For ship s built prior to 2002 the definitions and the requirements are a little

bit different than for ships built after 2002. The explanation is that a comprehensive
review of chapter I -2 of SOLAS was done which included the introduction of more
performance based regulations

As seen below there are in the present version some definition s on vehicle and ro-ro
spaces:

SOLAS Il -2/3

12. Closed ro -ro spaces are ro -ro spaces which are neither open ro -ro

spaces nor weather decks.

13. Closed vehicle spaces are vehicle spaces which are neither open vehicle
spaces nor weather decks

35. Open ro -ro spaces are those ro -ro spaces that are either open at both
ends or have an opening at one end, and are provided with adequate
natural ventilation effective o ver their 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.

36. Open vehicle spaces are those vehicle spaces which are either open at
both ends, or have an opening at one end and are provided with adequate
natural ventilation effective over their entire length through permanent
openings distributed in the side plating or deckhead or from above, having a
total area of at least 10% of t he total area of the space sides

41. Ro -ro 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 or other receptacles) can be loaded
and unloaded normally in a hor izontal direction.

46. Special category spaces are those enclosed vehicle spaces above and
below the bulkhead deck, into and from which vehicles can be driven and to
which passengers have access. Special category spaces may be
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accommodated on more than on e deck provided that the total overall clear
height for vehicles does not exceed 10 m.

49. Vehicle spaces are cargo spaces intended for carriage of motor vehicles
with fuel in their tanks for their own propulsion.

50. Weather deck is a deck which is comp letely exposed to the weather from
above and from at least two sides.

With regards to fire safety and fire development it is sufficient to categorize the spaces

into either open, closed or weather decks. A ro-ro space is defined as a closed space if it
is not an open or a weather deck. This way of defining a closed space leads to some
difficulties in a fire analysis since a closed deck could have openings that cover 9.5% of

the sides. The implications of  large openings will be discussed later in the repor t.

2.2. Ro-ro passenger ships fleet analysis
2.2.1. Introduction

The results of the evaluation of historical data of ro -ro passenger vessels are summarized
inthis section. Such analysis is part of the AProbl em de
Assessment (FSA) Gu idelines ( MSC-MEPC.2/Circ.12/Rev.1 ). The objective of the analysis
is to provide some insights on the characteristics of the fleet of ro -ro passenger ships and
the fleet under consideration in th is study (FIRESAFE fleet).
For the sake of clarity and transp arency, assumptions taken during th is study and data
limitations are detailed in th is section.
The information included in th is part will be of use during the selection of an appropriate

generic model.

2.2.2. Data sources
The investigations performed in th is section have mainly been based on MARINFO !
(EMSA) database. When relevant, additional data sources such as IHS World Fleet
database or IMO GISIS Ships and Company Particulars module have been used for the
purpose of obtaining complementary information on ships 6 characteristics.

2.2.3. Selection criteria for FIRESAFE fleet

The objective of FIRESAFE is to investigate cost efficient measures for reducing the risk
from fires on ro -ro passenger ships, using the FSA methodology. A mostly homogenous
group of ships is essent ial for this purpose. The focus will be put on SOLAS compliant
ships.
The dataset is restricted to vessels:

- classed as Passenger/Ro -Ro Ship;

- engaged on international voyages or EU domestic class A;

- gross tonnage equal or greater than 1,000;

- with akeel lay ing date on or after 25/05/1980;

- Froude number less than 0.5; and

- Classed or having been classed by one the IACS members.

All of these filtering criteria are explained and justified in more detail in the following.

1 Application developed by EMSA which combines data from four different commercial
databases (Lloyds List Intelligence, IHS Maritime, Clarksons Research Services and
AXSMarine) .
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Passenger/Ro  -Ro Ship

For the analysis of the Passenger/Ro -Ro Cargo Ship , only the sub -types Passenger/Ro -Ro
Ship (Vehicles) , coded as A36A2PR in IHS, and Passenger/Ro -Ro Ship (Vehicles/Rail)
coded as A36A2PT, have been considered. Passenger/Landing Craft , which sub -type is
also part of the  Passenger/Ro -Ro Cargo Ship category, has been excluded from the
analysis since the architecture and types of voyages of such ships are likely to be

different from the two previous sub -types considered.

For these sub -types, IHS provides the following definitions summarized in  Table 2.2-1:

StatCodeb Name Description Definition

A36A2PR Passenger/Ro -Ro Ship | A ro-ro cargo ship with accommodation for
(Vehicles) more than 12 passengers

A36A2PT Passenger/Ro -Ro Ship | A ro-ro cargo ship for the additional carriage
(Vehicles /Rail) of rail -vehicles and with accommodation for

more than 12 passengers

Table 2.2-1: Definition of sub -types of Ro -Ro Passenger ships corresponding to
StatCod e5 (IHS)

These definitions are in accordance with the definitions included in the SOLAS Regulation
I-2/3.

Changes of ship types have not been considered since ship type history recorded in

MARINFO does not go as far back in time as desirable to analyse al | shipbs convers
Mor eover, based on the dates of the occurrences of r
judged more as data input errors and corrections that

International voyages or EU domestic class A

This filtering cr iterion allowed considering only ships compliant with the SOLAS.

Vessels engaged on international voyages have been determined by an EMSA algorithm
based on last hdcquo@dsvoyages . Ships not having called in a distinct country since
at least one year , considering the years between 2011 and 2015, are considered as
Domestic. EMSA provided the project with an anonymised list of ships.

During an EU project (REFIT) carried out by EMSA, a list of EU domestic ships has been
developed, therefore, it was poss ible to identify ships complying with the FIRESAFE
criteria that fell under the category Domestic Class A, as defined in Article 4 of the
Directive 2009/45/EC ( Directive 2009/45/EC; 2009). According to Article 6: Safety
requirements of this Directive, new passenger ships of Class A shall comply entirely with
the requirements of the 1974 SOLAS Convention, as amended, and with the specific

relevant requirements specified in this Directive ; and existing passenger ships of Class A
shall comply with the regulati ons for existing passenger ships defined in the 1974 SOLAS
Convention, as amended, and with the specific relevant requirements in this Directive .

|t should be noted that ships sailing in AProtected
EMSA, have been exclude d from the fleet under consideration, as they should co mply
with specific regulations.

The impact of this filtering criterion is analysed into more details in the dedicated sub -

section Analysis of International and Domestic Class A fleet versus Domestic other than
EU Domestic Class Af leet.
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Gross tonnage

It has been considered that most ships below GT 1,000 operate on non -international
voyages, and therefore not likely to be SOLAS vessels, and not representative of the

world fleet under consideration. This approach is common and has already been followed

in previous FSA studiesonro  -ro passenger ships (SAFEDOR (IMO, 2008); GOALDS (IMO,
2012a); EMSA 3 (EMSA, 2015)).

Keel laid date

Only ships which keel was laid on or after 25 May 1 980 (date of entry into force of the
SOLAS 1974) have been considered.

When the keel laying date was not recorded in the database, the above criterion has

been applied to the build date as specified in MARINFO.

Froude number

Only ships with a Froude number less than 0.5 have been considered to exclude High
Speed Craft (HSC) vessels, which should comply with specific regulations with regards to

fire protection.

Froude number is not directly provided by databases and has been calculated based on
the following formula:

O T p @B —,
where V is the service speed, and L gp IS the Length between perpendiculars (when not
available, 0.9*L  oa (Length overall) has been used as equivalent).

IACS classed
In order to minimize the effect of under -rep orting, ships that have never been classed by
a classification society member of the International Association of Classification Societies
(IACS) have been excluded from the analysis.
The following IACS members, in alphabetical order, have been considered, regardless of
their actual membership status over time (IACS, 2016):

- American Bureau of Shipping (ABS);

- Bureau Veritas (BV);

- China Classification Society (CCS);

- Croatian Register of Shipping (CRS);

- Det Norske Veritas Germanischer Lloyd (DNV GL);

- Indian Re gister of Shipping (IRS);

- Korean Register of Shipping (KR);

- Lloyd's Register (LR);

- Nippon Kaiji Kyokai (NK);

- Polish Register of Shipping (PRS);

- Registro Iltaliano Navale (RINA); and

- Russian Maritime Register of Shipping (RS).

Di fferences betwedémocliAQ@QIE®Eof laacrabtpasseger ships have been

widely reported in the recent EMSA 3 FSA study (EMSA, 2014) and, therefore, will not be

repeated here.

While the rationale for exclusion remains the same, the approach followed in this study

slightly diff er s from the previous FSA projects where the
applied to the classification status at the time of the study.

Selection and application of this filtering criterion is discussed in more details in the

section Casualty data analysis
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2.2.4. Analysis of ro  -ro passenger ships fleet

In MARINFO database, 872 ships have been found compliant with the above -mentioned
criteria with the exception of the Domestic/International Status.
As the initial period of study considered is 1994 -2015, all ships scrapped or lost before

01/01/1994 and delivered after 31/12/2015, as indicated in the databases, have been
excluded from the analysis to keep only ships active between 1994 and 2015 2,

Among this fleet of 872 ships, 95% of the ships under consideration fall under the
category Passenger/Ro -Ro Ship (Vehicles) and 56% of the recorded ships are fully
compliant with FIRESAFE criteria ( ie. al so satisfying t he criteri ol
i nternational voyages or EU Do mefshipsperc@dgaysativddo) . The |
between 1994 and 2015, is reported in Table 2.2-2.
International and Domestic other than

EU Domestic Class A | EU Domestic Class A Total
Passenger/Ro -Ro Ship
(Vehicles) 456 370 826
Passenger/Ro -Ro Ship
(Vehicles/Rail): 34 12 46
Total 490 382
Table 2.2-2: Number of RoPax ships compliant with the FIRESAFE filtering criteria with
the exception of Domestic/International status broken dow n by category.

3

As discussed on the description of the fleet, due to data limitations , influence of ship

type conversion has not been taken into account.

2.2.5. Analysis of International and Domestic Class A fleet
versus Domestic other than EU Domestic Class A f leet
As shown in Table 2.2 -2, two different fleets complying with the filtering criteria (RoPax,
GT, Keel Laid, Froude, and IACS) can be identified based on the nature of their voyages.
These fleets are as follows:

- International and EU Domestic Class A fleet, which consists of 490 ships:
0 engaged on international voyages, as determined by the EMSA algorithm
based on | ast shipbébs recorded voyages; and

o identified as Domestic Class A, based on the list from REFIT.
- Domes tic other than Domestic Class A fleet, which consists of 382 ships:
0 engaged on domestic voyages (EMSA algorithm);
o identified as Domestic Class B/C/D (REFIT); and
o sailing in fiProtected areas in Norwayo.

Only the first fleet, International and EU Domestic Cl ass A, is fully compliant with the
FIRESAFE filtering criteria.

Analysis of some of the characteristics of the two fleets has been performed in order to

show their differences and is reported as boxplots ( wit h minimum, first quartile, median,
third quarti le, and maximum)  in Figure 2.2-1, Figure 2.2-2,and Figure 2.2 -3.

2 This initial period of study has been chosen at the beginning of the project because
1994 is a starting point in most of the casualty data sources and in similar studies.

Selection of the period of study is discussed in more details in the casualty data analys is
section.
3 Information on possible conversions based on ship type history available in MARINFO is

actually not available for the whole period under consideration.
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It should be noted that the passenger capacity is not always dir ectly provided in the
databases that have been used for th is study. Therefore, the maximum between
Passenger , and the sum of  Berths and Unberthed , as indicated in IHS, has been taken to
retrieve an estimation of the number of passengers.

60000-

40000-

Gross Tonnage

20000-

Intemaubnal and Domestic Iother than
EU Domestic Class A EU Domestic Class A

Status

Figure 2.2 -1: Gross Tonnage in the International and EU Domestic Class A fleet and
Domestic other than EU Domestic Class A.

4000-

2000-

Length of RORO Lanes

\ntemanlona\ and Domestic Iother than
EU Domestic Class A EU Domestic Class A

Status

Figure 2.2-2: Length ofro -rolanesintheInter national and EU Domestic Class A fleet
and Domestic other than EU Domestic Class A 4

* This figure does not provide a picture of the whole fleet as zeros (non -recorded length
of ro -ro lanes) have been removed from the analysis. This boxplot has been computed
based on the data for 503 out of 872 ships (368 International and Domestic Class A , and

135 Domestic other than EU Domestic Class A).

31



4000-

3000~

Passengers
[~
[=]
(=]
<
L

1000-

) |
International and Domestic other than

EU Domestic Class A EU Domestic Class A
Status

Figure 2.2 -3: Passenger capacity in the International and EU Domestic Class A fleet and
Domestic other than EU Domestic Class A °

The boxplots show that the International and Domestic Class A fleet and the Domestic

other than EU Domestic Class A fleet are two distinct fleets that cannot be studied

together, due to their intrinsic differences, in terms of size and capacity, even if both

fleets were SOLAS compliant.

In accord ance with paragraph 3.2.1 of the FSA Guidelines MSC -MEPC.2/Circ.12/Rev.1,

whi ch caldnssifdoerr aftici on [ é] to potenti al i mprovements i
of an FSA implementation (e.g. a better specification for recording relevant data including

the primary causes, underlying factors and | atent f
this analysis showed the need for a (better) reporting of SOLAS or non-SOLAS status of

the ships in databases in or  der to avoid using alternative criteria that might not provide

the right picture. This reporting is expected to improve the robustness of statistical

analysis and FSA studies.

2.2.6. Analysis of the FIRESAFE fleet
After the exclusion of the domestic ships (except EU Domestic Class A), 490 ships active
during the period 1994  -2015 remain (488 during the period 2002 -2015). In order to gain
more insight into the fleet being looked at, its main characteristics are reported below.

Shipyears
In accordance with the method ology that has been used in previous projects, the number
of shipyears was calcul ated, with a monthly precisi
dated or fAstart of the period of studyo and either ol
- end of the period of study (31/12/2015) ;
- the scrap date; or
- the date of loss.

The Figure 2.2 -4 shows the number of shipyears per year for the FIRESAFE fleet between
1994 and 2015. The number of shipyears is increasing over the entire period, starting

> This figure does not provide a pictu re of the whole fleet as zeros (non -recorded
passenger capacity) have been removed from the analysis. This boxplot has been
computed based on the data for 800 out of 872 ships (458 International and Domestic

Class A, and 342 Domestic other than EU Domestic Class A).
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from about 210 shipyears in 1994 to 460 shipyears in 2015. The cause of this increase

can be attributed to the filtering criteria selected for the study. The fleet under
consideration consists of the ships compliant with the above -mentioned criteria. Each
year, new ships enter the fleet (newbuildings compliant with the criteria), and contribute

for additional shipyears, while almost no ships leave the fleet (since conversions are not
considered and almost no scrapped or lost are observed). It seems a fair ass umption to
consider that the ships characteristics remain unchanged over time.

500

450

400

350
300

ears

Ship

m Domestic Class A

O International

100 -

Figure 2.2 -4: Number of shipyears per year for the FIRESAFE fleet between 1994 and
2015.

This led to a total of 7567 shipyears for the period 1994 -2015, and 5530 shipyears for
the period 2002 -2015.

Delivery Date

Figure 2.2 -5 shows the number of ships delivered per year. Due to the filtering criteria
(keel laying date), only one ship FIRES AFE-compliant has been delivered in 1980. No
trend can be determined over the period.
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Figure 2.2 -5: Number of ships delivered according to delivery date 6.

Age

Figure 2.2 -6 shows the number of shipyears with respect to the age of ships over the
period 2002 -2015. This figure shows a slight increase up to around 18 years old
(meaning more exposure for the youngest ships), then the number of shipyears
decreases linearly  with increasing age until the age of 30 years old and declines gradually
until 35 years old, which is the maximum age that a ship can reach given the filtering
criteria and the period of study being considered.
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Figure 2.2 -6: Number of shipyears for ships observing the given age during the period

2002 -2015
6 When keel laid date was not provided in the database i for 10 out of the 41 ships
concerned, criterion has been applied to built date , as provided in MARINFO, therefore
number of ships identified might be slightly over -estimated .
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Figure 2.2 -7 shows the average age of the fleet for the period 1994 -2015. The age of a
ship is calculated from  the 31 * of December of each year. The average age is increasing
from year to year due to the filtering criteria (keel laid date). Each year, each ship takes

one more year (with almost no scrap or lost ships) while only few ships enter in the fleet

(as sho wnin Figure 2.2 -5).In 2015, the average age of the fleet is 17.4 years old.

As an increase of the average age of the fleet over the investigated period is observed, it
might be argued that the fleet selected is not homogenous and that it will affect the
incident rate. By normalizing the number of accidents for each age with the exposure

time (which has been plotted shown in Figure 2.2 -6), it has been possible to determine
the accident frequency as a function of the ship age. This has been investigated in the

Casualty data analysis  section.
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Figure 2.2 -7: Average age of the fleet between 1994 and 20 15 (+/ - one standard
deviation)
Life expectancy (at delivery) over the period 2002 -2015 for the ships of the FIRESAFE

fleet has been estimated to 33.2 years old. However, there is a high uncertainty on this
value provided the size of the fleet.

Fleet evol ution: gross tonnage

Figure 2.2-8 shows the evolution of the average gross tonnage of the fleet under
consideration over the period 2002 -2015. A slight increase can be observed between
2002 and 2012, followed by a slight decrease until 2015.
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Figure 2.2 -8: Evolution of the average gross tonnage of the FIRESAFE fleet over the
period 2002 -2015

Figure 2.2-9 provides the number o
ships, over the period 2002

-2015, broken down by GT category.

f shipyears per year for the FIRESAFE compliant

It can be seen that the

larger part of the operational fleet is coming from the ships below GT 30000.

Based on the 490 ships, median for the gross
with an interquartile from GT 8790 to GT 30430.

tonnage has been calculated to GT 20030
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Figure 2.2 -9: Number of shipyears per year for FIRESAFE fleet, over the period 2002

2015, broken down by size catego

Fleet evolution: lane meters

ry (GT)

Figure 2.2 -10 shows the number of shipyears per year for 5 different categories of lane

meters. It should be noted that the first category (0
-ro length were missing for ships with low GT).

(da ta on the length of ro
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Figure 2.2 -10: Number of shipyears per year for the FIRESAFE fleet over the period
2002 -2015, broken down by lane meters categories.
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Figure 2.2-11: Total length ofro  -ro lanes per year for the FIRESAFE fleet over the period
2002 -2015, broken down by lane meters categories

Although the largest part of the fleet consist of ships with lane meters smaller than
2000m (taking into account missing data below 1000m), as shown in Figure 2.2-10, on
annual basis, the largest total cargo capacity is provided by ships with length of ro -ro
lanes comprised betw een 1000m and 3000m, as shown in Figure 2.2-11". It should be
noted that the total cargo capacity provided by ships with lane meters above 4000m has
continuously increased over the period of study. The average leng thofro -rolanesonro -
ro passenger ships of the fleet has increased throughout the period of study.

" Number incl uded in Figure 2.2-11 and Figure 2.2-13 are provided for comparison
purpose s only and should not be interpreted as absolute number of passengers
transported each year by th e fleet under consideration.
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Based on the 368 data available (out of 490), median for the length of ro -ro lanes has
been estimated to 1750 meters with an interquartile from 970 to 218 6.

Fleet evolution: passenger capacity

Although the ships having a passenger capacity below 750 persons represent the biggest

part of the fleet (almost 50%, as shown in Figure 2.2-12), on annual basis, the largest
total capacity of passengers is provided by ships with a passenger capacity between 750

and 2250 passengers (as shown in Figure 2.2 -13). The average passenger capacity of the
fleet has increased throughout the peri od.

Based on the 458 data available (out of 490), median for the passenger capacity has

been estimated to 827 passengers with an interquartile from 387 to 1500.
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Figure 2.2 -12: Number of shipyears per year f or the FIRESAFE fleet over the period
2002 -2015, broken down by passenger capacity categories
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Figure 2.2 -13: Total passenger capacity per year for the FIRESAFE fleet over the period
2002 -2015, broken down by passenger capacity categories
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2.3. Generic ship
A generic ship model was required to make assumptions on different numbers relative to
the cost model and the capacity of the ship. The generic ship was selected for that

purpose. The number of passengers of the generic ship is very close to the median, while

the number of passengers is the main factor in the assessment. As exposed in section

Analysis of the FIRESAFE fleet generic shipbds GT"Y duartilepand 8 t o
lengt h of lane meters is a little bit above the 3 "4 quartile.

Other fleet characteristics have been further processed in order to define median

characteristics on Length, Breadth, Depth, Draught, Age, Speed and Froude.

A statistical metrics (relative differenc e to evaluate how far the ship characteristics are

from the median ones) has been used. In the table below, the reader will find
characteristics having a relative difference of less than 25% highlighted in green, else
highlighted inred.  The reference vess elisvesselno 3inthe  Table 2.3-1.

Names Passengers  |Lanes meters |GT (tons) |Length (m) [Breadth (m) |Depth (m) |Draught (m) |[Age (years) [Speed (knots) |Froude (-)
Median 827.0 1750.0 20026.0 161.0 24.4 9.7| 6.2 17.4 20.4 0.3
STENA SHIP 1
STENA SHIP 2
STENA SHIP 3
STENA SHIP 4
STENA SHIP 5
STENA SHIP 6
STENA SHIP 7
STENA SHIP 8
STENA SHIP 9
STENA SHIP 10
STENA SHIP 11
STENA SHIP 12
STENA SHIP 13
STENA SHIP 14 - - +
STENA SHIP 15
STENA SHIP 16
STENA SHIP 17
STENA SHIP 18
STENA SHIP 19 +
STENA SHIP 20
STENA SHIP 21

+ + +

+

T+ [+ |+

N R

BB

+ |+

T
F F [+ [+ [+ [+ [+ ][+

T
T F[F [ F [+ *

TF[F|F[FF [+ |

B EE
+

T F[F [ FF I F ]
+

+
FlF|F|F[F|F [ F(F [T T[T F | FF*F ||+
T F [+ | F[F|F [T F[F|F[F[F[F[F[F[FF[F]* |+ [+

| F [ F[F|F|F[F[F[F[+F[+]"

Table 2.3 -1: Table of possible generic vessel

2.3.1. Ship characteristics

DWT* 6 000 mt on 6.2m draft

Tonnage* GT 27000 T NT 9000

Class Ro-ro Passenger ship, SOLAS ship
Ship age 17.5 years

LOA* 190 m/178 m
Beam* 25m
Draft* 6m

Upper deck* 1100 Im (open deck)

Main deck* 900 Im (closed deck)

Lower hold* 250 Im (closed deck)

Total:* 2 250 Im + 200 cars (weathe r deck and
under deck)
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Passenger capacity 880 incl. crew

Reefer plugs 80 pcs, 40 pcs on main deck and 40 pcs on upper
deck

*Approximate number

2.3.2. Fire safety equipment
Detection system Smoke detection in cargo area
Drencher system Drencher system on open/closed decks

Drencher system manually operated from the
drencher central on dk 3

One drencher pump

Medium: Sea water

Drencher zones in total: 20

Fire pumps 3 fire pumps + 1 emergency fire pump

Fire hoses/ hydrants Weather de ck: 10
Upper deck: 15
Main deck: 17
Lower hold: 21

2.3.3. Additional ship information
CCTV cameras Weather deck: 2
Upper deck: 2
Main deck: 4

Lower hold: 3

Openings on open deck 2 large openings aft

6 open areas on each side ( consisting of total
40 smaller openings)

14 large shutters needed to close all openings

Electrical connection boxes 20 pcs (IP class 56),
No earth fault indication on individual sockets

Electrical cables 80 pcs + 10 spare
No reeling drums

Electrical car charging statio n None
2.4. Casualty data analysis
2.4.1. Introduction
The purpose of this section is to provide more insight about fires onro -ro decks on RoPax
ships.
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The subsequent analysis is based on a review of historical data. To enhance transparency
and allow repeatabilit y, assumptions taken and limitations of inputs data are explicitly
provided. The impacts of some of the assumptions that ha ve been used as the basis for
the study have been investigated and are reported.

Based on the historical data |, the historical Potenti  al Loss of Life (PLL) and initial accident
frequency of firesonro  -ro decks have been estimated.

As mentioned in the EMSA Ill FSA study (EMSA, 2014), which focused on Cruise and

RoPax ships, the fleet under consideration and therefore, the number of shipy ears, is
small compared to other ship types. Therefore, it is expected to have high uncertainty in

some of the results.

The effect of some characteristics (e.g. the age or the size of the ships ) on the accidents
frequency has also been  investigated
Some o f the results , such as the initial accident frequency of fires on ro -ro decks, have

served as inputs for quantifying the risk models.

2.4.2. Data collection
2.4.2.1. Description of the data sources
Several different databases and data sources have been used to identify fi re accidents
and incidents on vehicle decks of ro -ro passenger ships. The m ain databases and data

sources used are as follow s:

- Fsl21/5;

- MARINFO Database (EMSA) &;
- IHS Casualty Database °;

- EMCIP Database (EMSA) *°; and

- GISIS (IMO) ™.

2.4.2.1.1. FSI 21/5
Appendix1ofAn nex 6 of the document FSI 21/5 (1 Mdres 2012a)
on ro -ro passenger ships and six fires on ro -ro non -passenger ships from 1994 to 2011 0.
These ac cwetaderntifed [lIfy the authors of the submission] from the information
contai ned in investigations reports, GISIS and other sources, including Det Norske
Veritas, the United Kingdom's Marine Accident Investigation Branch and the Maritime and

Coastguard Agency, and Sweden's Lund University 0. Although most of the acc
been anonymised, the year of accident and a short description of its circumstances are

provided for each event. Indication of the mean s of extinguishing is also mentioned when

known.

2.4.2.1.2. MARINFO Database
An extract of MARINFO, complying with the FIRESAFE criteria apart from the Froude
number criterion and Domestic/International status , has been used and it contains fires
on ro -ro passenger ships between 1994 and 2015. For each accident, the date and a

8 Application developed by EMSA which combines data from four different commercial
databases (Lloyds List Intelligence, IHS Maritime, Clarksons Research Services and
AXSMarine) .

° |HS Casualty Database i Version of the 03/02/20  16.

10 EMCIP: European Marine Casualty Information Platform, managed by EMSA and
populated by EU M ember States on the basis of Directive 2009/18/EU.

11 GISIS: Global Integrated Shipping Information System, database managed by IMO.
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descriptive field containing detailed narrative of the circumstan ces of the accidents are
provided. Additional fields such as the accident area, the number of fatality, missing, and

injured, along with the type of loss (Actual Total Loss i.e. s ank or Constructive Total Loss
i.e. damaged beyond repair) are available. How ever, no information on the severity of
the accident is reported.

2.4.2.1.3. IHS Casualty Database
Subset of fire accidents having occurred from 1994 to 2015 on ships selected based on
Gross Tonnage and Ship Types (i.e. including FIRESAFE and non -FIRESAFE compliant
RoPax), has been extracted from the entire IHS Casualty database. As for MARINFO, for
each accident, the date of the event and two descriptive fields containing detailed
narrative of the circumstances of the accidents are provided. Fields such as the accide nt
area, the number of fatalities and missing are also included in IHS database. Number of
injured can be retrieved sometimes from the accident description. In addition to those
ones, ship characteristics at time of incident (such as Owner, Flag, or Class) are given.
Severity Indicator is also available.

2.4.2.1.4. EMCIP Database
Subset of fire accidents and incidents having occurred on the FIRESAFE compliant ships
from 2010 to 2016 has been provided by EMSA as anonymised data . Date and
descriptions of the accidents a  re available and severity indicator is recorded, as defined
in the IMO Code for the Investigation of Marine Casualties and Incidents (IMO, 2008a).

2.4.2.1.5. GISIS Marine Casualties and Incidents module
Fires on ro -ro passenger ships were extracted from the GISIS Mar ine Casualties and
Incidents module, and a search on a ship by ship basis, using ship name or IMO number,
has been performed to obtain more detailed information on the accidents ( related to the
causes). This approach has already been followed in other FSA studies such as the FSA of
General Cargo Ships (IMO, 2010) and GOALDS (IMO, 2012b), and has been highlighted
in the document [ 3/ 415 (I MO[GISIS} 0 avdilable: repdits do provide
information on the underlying accident causes which can be readily us ed in FSA studies 0 .

2.4.2.2. Data sources exploitation
In IHS Casualty database, initial query for the selection of the subset of fire accidents
was not only limited to accidents categorized under Fire/Explosion (FX). Consideration
has been given to other accident types that could have led to fire in ro -ro decks, such as
collision.
Amongst the non -anonymised fires on ro  -ro passenger ships included in the document
FSI 21/5, 3 accidents were identified as having occurred on ro -ro cargos or pure car and
carriers (Und A driyatik, Scheiborg and Silver Ray). These have been removed from the
initial list of 73 accidents.
In most databases, except for EMCIP, the precise origin of fire is not directly provided.
Short descriptions of accidents provided by MARINFO and IHS were a nalysed individually
to identify firesonro  -ro decks.
When available, accident investigation reports, GISIS, and press articles from local
newspapers or technical papdrexkes® dRivree bheem rmconsul t e
additional information on the events.
By construction, there were overlaps between databases ( i.e. one single accident could
be included in more than one dataset). However, as the accident details and descriptions
were not provided with the same level of details depending on the datab ase, this allows
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having validation of the description of accidents or obtaining additional details for one
single accident.

2.4.2.3. Results of data collection
For the sake of clarity and transparency, the number of records found in the databases is
reportedinthe Table 2.4-1:

FSI 21/5 MARINFO IHS Casualty EMCIP

Total records 7012 176 261 271
(RoPax Fires)

Fires on ro -ro | 70 46 37 27
decks

(including non -
FIRESAFE
compliant
RoPax ships)

Fires on ro -ro | 17 30 18 22
decks
(FIRESAFE
compliant
RoPax ships)
2002 -2015

Table 2.4 -1: Number of total records for fires on RoPax ships and relevant records for
fires onro -ro decks, according to the data source.

Unless indicated otherw ise, same filtering criteria as the ones selected for the
determination of the FIRESAFE fleet have been used for the casualty analysis over the

period 2002 -2015. When relevant , broader fleets might have been investigated ( i.e. ship
selection using slightly different criteria). Analyses considering other fleets have been

clearly identified in the following of the report and the criteria selected have been

justified.

Based on the FIRESAFE filtering criteria, and gathering/merging the information
contained in the MARINFO and IHS databases, which both cover the whole period 2002 -

2015, this led to a list of 32 fires on decks on ro -ro passengers ships compliant with
FIRESAFE criteria between 2002 and 2015 14 If data from all the above -mentioned
databases are merged , this led to a list of 50 fires on ro -ro decks on FIRESAFE compliant
ships .

2.4.3. Casualty statistics

Although EMCIP represented the most complete database, in terms of number of
accidents and incidents per year (with 27 records between June 2010 and June 2016,

12 The list of accidents inc  luded in FSI 21/5 focused on fires on ro -ro decks, therefore the
number of records for RoPax Fires and Fires on ro -ro decks are identical.

13 Due to the way EMCIP subset was selected, the number of total records and number of
firesonro -rodecks are verys imilar.

14 The period of interest considered is further discussed in section: Period of Study
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and an average number of 4 records per year between 2012 and 2015), the fleet at risk
can be hardly determined since EMCIP only records marine casualties or incidents:
- involving a ship flying its flag, irrespective of the location of the casualty;
- occurri ng within its territorial sea and internal waters as defined in UNCLOS,
irrespective of the flag of the ship or ships involved in the casualty; or
- involving a substantial interest of the Member State, irrespective of the location of
the casualty and of the flag of the ship or ships involved.

Since FSI 21/5 and EMCIP did not cover the full period of study and given their specific

reporting channels, in order to have a consistency of the reporting, in particular

regarding severity throughout the period, only data from MARINFO and IHS have been
merged and used for deriving casualty statistics such as accident frequencies and
dependent probabilities of the main risk model (32 accidents).

However, FSI 21/5 and EMCIP are very valuable sources of information. For some specific
analyses, data from these sources have been merged with IHS and MARINFO to compute
ratios and statistics.

2.4.3.1. High -level historical data investigation
In order to gain more insight on accidents occurring on RoPax ships, the number of
records per casualty types on the FIRESAFE compliant ships between 2002 and 2015 has

been investigated and results are shown in Fel! Hittar inte referenskalla. 2.4-1.

This analysis has been performed using the IHS Casualty Dat abase. For the purpose of

the analysi s, the fields Akilledo and Amissingo, as
group Afatalitieso.

For the purpose of the study, the category Fire/Explosion (FX) has been divided into two

sub - categories: FX (ro -ro decks) for fires originating from ro -ro decks and FX (others) for
fires not originating from ro -ro decks, irrespective of their specific origin ( i.e. engine
room, accommodation  or others ).

451 accidents have been reported in IHS during the period 2002 -2015 leadi ng to a total
number of 2116 fatalities. The proportion of accidents caused by fire/explosion
represents 12.9% of the total number of accidents, with about one third o f them
originating fromro  -ro decks.

While the relative  all accidents frequency and serio us accidents frequency of the category
AFires-roon dcecc k s0 are comparatively | ow in comparison
frequency of fatal accidents is comparable for each accidents category.

Except for the Fire/Explosion accidents (and other accid ent types that had led to fires on

ro-ro decks as identified during the data collection process), accident reports have not

been reviewed, therefore the results presented in Fel! Hittar inte referenskalla. 24-1

might di ffers from previous FSA studies. The -mumber o
deckso fatal accidents corresponds to the ones repor

in the following of the report as it depends on the source. 15

15 Number of fatalies  from accident investigation reports or official sources has been
used in the following for the calculation of historical PLL.
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Figure 2.4 -1: Relative distribution of casualty reports over the different accident
categories on the FIRESAFE fleet between 2002 and 2015. Number of records for FX (ro -
ro decks) provided by IHS. (WS: Wrecked/stranded, HM: Hull/machinery damage, FX:
Fire/explosion, FD: Foundered, CT: Contact, CN: Collision)

2.4.3.2. Firesonro -ro decks

2.4.3.2.1. Firesonro -ro decks: Severity discussion
The ratio between  Serious and Non-Serious '® (which could be derived from Fell Hittar
inte referenskalla. 2.4 -1 looking at the difference between All and Serious accidents)
might be biased by the reporting process depending on the database provider.
However, due to the obligations provided for by the Directive 2009/18/ EU (EU, 2009), it
is expected that incidents are well represented in the EMCIP database, contrary to what
is usually observed in other accident databases as identified in the document MSC
93/15/2 (IMO, 2014).
Therefore, statistics based on EMCIP database h ave been produced to give a picture that
is considered to be closer to the reality, in terms of severity level ratios, than what is
reported in  Fel ! Hittar inte referenskalla. . These results are  shown in Figure 2.4-2.

16 Definitions for the different levels of severity differ from database to database.
Definitions for IHS Casualty database and EMCIP have been reported in Annex
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Figure 2.4 -2: Number of occurrences according to severity, based on EMCIP database.

85% of the 27 fires on ro -ro decks occurrences on FIRESAFE compliant ships r ecorded in
EMCIP databases between June 2010 and June 2016 have been classified as Marine
incident or Less Serious Casualty . Only 28% of the records were classified as Non -

Serious in IHS.

Contrary to the approach followed in some FSA studies, where only Serious accident were
considered ( e.g. EMSA Ill - to consider only accident that could have endangered the
stability of the ship), no discrimination on the severity of the accident will be made in the
sample of 32 accidents that were reported in IHS/MARINFO . This approach is consistent
with the one followed in SAFEDOR FSA on RoPax (IMO, 2008b). It is believed that all
accidents were susceptible to have caused significant damages to the ship, but were in

some cases, detected and fought early enough to avoid a ny (serious) damage.

2.43.2.2. Firesonro -ro decks: Effect of database
As different data  sources, have been used for that study, the effect of the data source
has been investigated. This investigation also allows comparison with previous FSA study
on ro -ro passenge r ships (SAFEDOR).
A more recent FSA study on ro -ro passenger ships (EMSA IIl) has been published,
however, this FSA mainly focused on damaged stability. Therefore, while the initial
accident frequency for fires has been updated, the accident reports relat ed to fires have
not been reviewed and the relative distribution of fires on ro -ro decks per origin has not
been modified since SAFEDOR.
The proportion of fires on ro -ro decks, as found in SAFEDOR, has also been used more
recently in a Formal Safety Assess ment study on Electric Mobility on RoRo/RoPax vessels
submitted to MSC 96 by Germany (| MO firesarOthe6cardo,
area of ro -pax vessels caused by electrically powered vehicles and refrigeration units
connected to theldstibuodsysteenl et ri ca
It should be noted that the classification method has not been reported in the SAFEDOR
study. While determining whether a fire originates from ro -ro spaces could be
unambiguous, it is more difficult to classify accidents originating from location different
than engine room and accommodation (e.g. lifejacket store  -room), or when no sufficient
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information is available. Therefore, for MARINFO and IHS, accidents have been arranged
by two categories only: Vehicle Deck fires and Other .

Statistics on IHS Casualty Database and MARINFO are based on accidents on FIRESAFE
compliant ships during the period of study (2002 and 2015). EMCIP statistics has been
computed from accident data on an undefined fleet of RoPax from June 2010 to June
2016. As for SAFEDOR, the ships considered are RoPax of 1,000 GRT and above and the
period of study is 1994  -2004 (no filter on the severity of the accidents).

100% ~
90% -
80% -
70% - ____ mOther (incl. Engine Room

and Accommodation)
60% - —
B Accommodation
50% - —
40% 1 e Engine Room
30% - —
20% - ——  mVehicle Deck
N
0% 1 T T T
IHS MARINFO EMCIP SAFEDOR
Database
Figure 2.4 -3: Relative distribution of fire origin on R oPax ships in different accident data

sources.

Due to the different periods and fleets considered, no conclusion should be drawn from

Figure 2.4 -3 on a potential increase in the proportion of fires on ro -ro decks or potential
enhancement of fire safety in engine room and accommodation. However, it is worth

noting the good degree of consistency between IHS Casualty Database, MARINFO and

EMCIP, all around 30%, and the important difference with SAFEDOR (12%), the orig in of
this difference has  not been ascertained. This proportion in SAFEDOR is close to what had

been found in EMC MP08 (11%).

Nonetheless, Figure 2.4 -3 shows that , regardless of the database being looked at, fires

on ro -ro decks on the FIRESAFE compliant ships represent approximately one third of all

fires on ro -ro passenger ships.

2.4.4. Fleet at risk: exposure time
Having described and reported the data collection process, and looked into the
contribution of the fires on ro-ro decks on the total risk on RoPax ships, different

parameters impacting the calculation of the exposure time (humber of shipyears), and
therefore the accurate determination of the initial accident frequency (and similar

indicators), are investigated in that section.

24.4.1. IACS/Non -IACS
One parameter of interest that must be considered is the classification of ship under an
| ACS society. One of the criteria for selecting thi
classed by one of t he | ACS omale that eonsideringvanly IACSt he r at i
classed ships would minimize under -reporting. This approach had been followed in

several FSA studies.
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Under -reporting of accidents occurring on non -IACS ships has be en widely reported, and
recently well documented on the EM SA Il FSA study. Therefore, such analysis will not be
reported here, and it is taken as a starting point that ships having never been classed by

an IACS society in their lifetime are excluded from the analysis.

By considering this parameter, attention mu st be gi ven to t he fexpos
considered, ( i.e. the number of shipyears - fleet at risk - used to calculate the initial
accident frequency and historical potential loss of life).

In this study, the choice has been made not to calculate the number of shipyears based
on the current IACS  -classed fleet !’. Therefore, two approaches have been considered and
are investigated below.

Comparison of accident frequencies and PLLs for two different fleets over the period
2002 -2015 has been performed based on the M ARINFO database to show the influence of
the 61 ACS6 filtering cr iFiguwerddoh and i s reported in

The first fleet investigated is the fleet compliant with the FIRESAFE criteria, which

considers ships classe d or having been classed at least once by an IACS member at some

point during their lifetime. This fleet is referred to All in Figure 2.4-4. All fireson ro -ro
decks (and associated fatalities) having occurred in t hat fleet are counted, regardless of

the class at time of incident (ATQI) . They are referredas  All ATOI in Figure 2.4-4.

As the databases record the change of class over the lifetime of the ships, it is possible to
calculate the number of shipyears during which a ship has operated while classed by an

IACS society 8. This is the second fleet  !° investigated and referred as IACS -class in Figure
2.4-4. 1t is also possible to ide  ntify accidents which have occurred on a ship classed by

an IACS society at the time of incident. This is referred as IACS ATOI in Figure 2.4-4.

Therefore, it has been possible to compare the initial accident freq uencies and PLLs for
both fleets. Only the left  -most and right -most frequencies and PLLs are homogeneous
(i.e. comparing accidents and exposure time on an identical fleet).

17 With this approach, a ship not IACS -classed at the time of the study might not be
considered in the fleet whereas she could have had an accident while she was IACS -
classed.
BThe number of ship years was cal Edlfatced vieoDatt ee toif m
into IACS class (as reported in IHS), or the start of the period of study (01/01/2002) and
either one of the following:
- the end of the time interval ( 31/12/2015 );

- the death date ( Final Date when vessel was confirmed as being lost or scrapped );
- the date of end of IACS class
19 The term fleet must not be understood here as a fixed list of ships but rathe ras alist

of ships that might be in or out of the fleet considered over time based on their
characteristics.
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Figure 2.4 -4: Impact of the IACS  -class filtering criterion on the accident frequency and
Potential Loss of Life.

While the consideration of the IACS parameter decreases the number of shipyears by

about 20%, there was only one accident having occurred on a FIRESAFE -compliant ship
which w as not classed by an IACS society at the time of incident. This explains the

increase in frequency between the All fleet andthe IACS-class fleet. However, this unique
accident was a fatal accident causing 27 fatalities, therefore the PLL of the All fleet
significantly increases.

The calculation of shipyears for IACS is highly dependent on the quality of the records

(which are more likely to be of lower quality than the records of Build date and Death

date). Thus, no conclusion can be drawn on a potential under - or over -estimation of the
initial frequency of fires on ro -ro decks and historical PLL.

Therefore, choice has been made to consider all accidents, regardless of the class of the

ships at the time of incident, and to calculate the number of shipyears based on the
whole fleet compliant with FIRESAFE criteria, regardless of their actual class at each

time ?°. This ensures consistency between the fleet being looked at and the accident
considered. The authors of that study are aware that, with this approach , the initial
accident frequency is under  -estimated. The Risk Control Options that would be found cost
effective, with this approach, would be even more justified, from a cost effectiveness

point of view, than with the figures resulting from the IACS -fleet approach.

2.4.4.2. Period of study
Few accidents on FIRESAFE compliant ships have been reported between 1994 and 2002
and there has been at least one accident per year after 2002. In Figure 2.4-5, an

20 Since the under -reporting of Non -IACS is known and widely documented, the initial

selection for the fleet at ri siSsdcetha heastodceirits cl assed

|l ifetimed) was justified, and can be considered
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increase in the number of accidents per year can be observed after 2004. This figure
should be read while keeping in mind that, due to the selected filtering criteria, the fleet
under consideration is growing during the period 1994 -2015.

Regardless of the ship type and acciden t category, this characteristic has already been
observed and identified in other FSA studies 2, This has wusually
change in the reporting practiceo. I't shoul d
accidents between 1990 and 2003, and 2005 and 2016, which are the two periods
investigated in the DNV (DNV, 2005) and DNV GL (DNV GL, 2016) technical papers on

Fires on Ro -Ro decks, has also been explained, inter alia , by better reporting.

6

ro

5

decks
w

Number of fires on ro
N

2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

Figure 2.4 -5: Number of firesonro  -ro decks per year on FIRESAFE compliant ships
(1994 -2015).

The IMO Correspondence Group on Casualty Analysis (March 2013) also noted in

been
be

FSI 21/5 interalia t h a tTherefave been a number of significant fire incidents on ro -ro

passenger vehicle decks since 1994 and there is no sign of these diminishing. Since 2002

there has been a very serious incident every other year, resulting in six constructive total

losses. 0

While acknowledging that this gap in 2000 -2001 has also been observed in a broader
fleet as can be seen in Figure 2.4-6, it has not been possible to determine, for the
FIRESAFE fleet at risk, whether data for that period was missing or whether no accidents

actually occ urred during this period.

The recent figures might be considered closer to the reality than the older data.

Therefore, for the purpose of the study, it seems a conservative approach to consider

only accidents from 2002 to 2015 for the calculation of the in itial accidents frequency.

2l EMSA/OP/10/2013  Risk Level and Acceptance Criteria for Passenger Ships. First
interim report, part 1: Risk level of current fleet. fiThe lack of recordings  in earlier years
of the reporting period and the increased data after year 2004 may be more attributed to

the change of recording practice of the IHS database provider, rather than to genuine

risk factors  [with regard to Hull/Machinery accidents] . 0
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Figure 2.4 -6: Firesonro -rodecks 1994 -2015 (from MSC 97/19/3 - Fire safety ofro -ro
passenger ships). (IMO, 2016c)
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Figure 2.4-7 shows the number of fires on ro  -ro decks recorded in the four databases
(IHS Casualty database, MARINFO, EMCIP, and FSI 21/5). The high number of records
after 2010 comes from the integration of EMCIP into the dataset considered.
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Figure 2.4 -7: Number of firesonro  -ro decks per year on FIRESAFE ships, considering all
sources of data.

2.4.5. Initial accident frequency, Potential Loss of Life and
Potential Loss of Ship

2.45.1. Initial accident frequency
32 accidents have been col lected for the period of study 2002 -2015 on the FIRESAFE
fleet at risk, which represents an exposure time of 5530 shipyears for the fleet
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considered. The 14 -year average accident frequency for FIRESAFE compliant ships is
calculated to 5.79E  -03 per shipyear (Cl g0 [4.21E -03; 7.77E -03)).
The annual accident frequency of firesonro -rodecks isshownin Figure 2.4 -8.

Figure 2.4 -8: Annual accident frequency of fires on r 0-ro decks with 90 % confidence
interval #* between 2002 and 2015 and the 14 -year average.

As indicated in the document FSI 21/5, there is no discernible downward trend in the
frequency of accidents and n o significant increase in the underlying risk of fire ignition
could be ascertained  in the recent years

2.45.1.1. Comparison with previous studies
In the technical paper, Fires on Ro -Ro Decks , published by DNV in 2005 (DNV, 2005), 7
accidents were identified on the SOLAS ferries fleet, for a total of 12000 shipyears. This
led to an accident frequency of 5.83E -04 fires on ro  -ro decks per shipyear.
An update of that publication, published by the DNV GL in April 2016 (DNV GL, 2016),
whi ch ¢ onsi deesselsiconplyihgywithithe SOLAS convention or domestic ferries

assumed to be substantially in compliance with this standard 0, identified 18 acci
an average fleet of 9000 shipyears, leading to an accident frequency of 2.00E -03 fires on
ro-ro decks per shipyear. It should be noted that DNV GL also made the distin ction

between RoPax built before and after the SOLAS 1974 Convention, specifying that only 2

RoPax built prior or on 1980 were involved in an accident.

It is also possible to retrieve the accident frequency from the statistics used in the

previous SAFEDOR and EMSA Ill FSA studies. In SAFEDOR FSA on RoPax, the initial fires
frequency was estimated to 8.28E -03 accidents per shipyears, and the proportion of fires
initiating on ro  -ro decks to about 12.28%. Accident frequency of fires on ro -ro decks is
therefore :1.02E -03 fires onro -ro decks per shipyear.

22 Assumption that accidents are Poisson distributed.
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