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Abstract
RO5 Ro-ro space fire ventilation
This report is the final report from the research project RO5. The report summarises the
results from the research project RO5. The report consists of summary from a literature
study, from computer simulations and from model scale tests. This, together with results
from full scale demonstrational test (documented only in this report) leads to the
conceptional solutions and recommendations presented in this report. The project
focused aim was to investigate the effects of ventilation on fire development in ro-ro
spaces with different ventilation conditions.
Important conclusion from the literature study is that ventilation is primary to prevent
flammable and other harmful gases from accumulating in the spaces, and the mechanical
ventilation is not designed to be functional in case of fire. It is a must for the crew to gain
knowledge about the ventilation system (i.e. fans, inlets and outlets) and its capacity
from tests and experiences. It is important that guidelines, rules and routines are
established for using the ventilation system in typical conditions (loading/unloading
etc.) and that it is documented and passed on to provide guidance for the ship's crew.
One of the most important conclusions from the model scale tests and numerical
simulation study is that distinct limitation is found for 4% opening of space sides (natural
ventilation) for the fire self-extinction to occur. This is dependent on the height and
shape of the opening. For the mechanical ventilation case, in case of fire, stopping the
ventilation is the best way to reduce the fire intensity. The tests show that mechanical
ventilation is vital for the fire to continue to burn. The recommendations aim at giving
advise concerning ventilation in case of fire and how to deal with the ventilation at
different ro-ro spaces.

Key words: ro-ro space, ro-ro deck, weather deck, water cannon, ventilation, SOLAS,
fire accident, fire test, model scale tests, guidance, open ro-ro space, closed ro-ro space,
water monitor
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Summary
Ro-ro space is an important component in the shipping industry. The concept is simple:
a deck to which vehicles and other cargos can be rolled on and off. However, a significant
number of fire incidents and lacking signs of diminishing numbers indicate that fire
protection must be improved. This was the conclusion of the IMO correspondence group
in accident investigation, which studied fire statistics for the period 1994-2011 (FSI 21/5)
(IMO, 2013).
A fire in a ro-ro space can grow intensely large and statistics show that the number of fire
accidents in these spaces are not decreasing over the last years. The different types of roro spaces defined in SOLAS has different requirements for fire protection. RO5 aims to
clarify how the ro-ro space ventilation affects the development and management of a fire
and to recommend appropriate fire protection measures for ro-ro space with different
ventilation conditions. This summary report gives the reader a summary of the two
previous project reports RO5 ro-ro space fire ventilation Literature study (RISE report
2019:95) and Model scale tests of a ro-ro space fire ventilation (RISE report 2019:94).
From the review of regulations, the following clarifications are proposed to be added in
the SOLAS regulations and guidelines:
•

•
•
•

“Ro-ro spaces” should be defined as “Ro-ro cargo spaces”, the definition should state
that “ro-ro spaces are cargo spaces not normally subdivided...”;
“Vehicle spaces” should be defined as “Vehicle spaces are ro-ro cargo spaces intended
for carriage of motor vehicles with fuel in their tanks for their own propulsion”;
A definition of “side” or “space sides” should be added and that the definition shall
include what is a side, and how high a side needs to be to be a side; and
to avoid misunderstanding in how to calculate the openness of a ro-ro space (that for an
open ro-ro space shall be 10% of the space sides) RISE recommend introducing a
guidance of how to calculate the percent of the space sides. The guidance shall include
if and how ends, hull and decks are included in the calculation, or only hull sides.

The accident investigation review shows that the most common way to operate the
ventilation system in case of a fire onboard was to shut it down. Densely stowed cars,
which made it hard for the fire fighters to approach the fire, was mentioned as a problem
in 7 of 10 accident reports with closed ro-ro spaces and in 3 of 4 reports with open ro-ro
spaces. From the workshop carried out within the project the participants agreed but
there was also the interest to learn more how to use the ventilation system onboard in
case of fire.
Some of the accident investigations reveal that the large spaces and easy access to oxygen
from and open ro-ro spaces make it difficult to meet the functional requirements of the
regulations (i.e. to suppress and swiftly extinguish a fire in the space of origin SOLAS II2 10.1.1), and that open ro-ro spaces may be prohibited. The same conclusion is made
from the two zone fire simulations conducted in RO5. The simulations show that both
increased natural ventilation and increased mechanical ventilation results in larger fire
development. The conducted parameter simulation study shows that if natural
ventilation is nevertheless required, the openings should, in terms of fire development,
preferably be constructed as wide as possible and with as low sill and soffit height as
possible.
© RISE Research Institutes of Sweden
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The ventilation is primary to prevent flammable and other harmful gases from
accumulating in the spaces. It is a must for the crew to gain knowledge about the system
and its capacity from tests and experiences. It is important that guidelines, rules and
routines are established for using the ventilation system in typical conditions
(loading/unloading etc.) and that it is documented and passed on to provide guidance
for the ship's crew.
Designing the ventilation system is unique for each ro-ro space so each system has its
own way to most effectively work in different scenarios. There are three concepts to
supply and exhaust air from the ro-ro space: longitudinal ventilation, transverse
ventilation and the long-transverse ventilation. All of them having a combination of fans
for supply and exhaust air. Reversible fans are a good way of making the ventilation
system more flexible and easier to optimize depending on the scenario.
The model scale tests carried out with natural ventilation show a distinct limitation at
4% opening for the fire self-extinction to occur, but this is dependent on the height and
shape of the opening. The natural ventilation tests show that the hot smoke layer
interface is always situated between 0.15 m and 0.30 m.
The model scale tests show that the mechanical ventilation is vital for the fire to continue
to burn. For the mechanical ventilation case, in case of fire, stopping the ventilation is
the best way to reduce the fire intensity. The mechanical ventilation tests show that the
hot smoke layer interface is always situated between 0.15 m and 0.30 m.
For natural ventilation, numerical simulation with FDS cannot well predict the fire
extinction but underestimates the fire development. Fire self-extinguishes at 4% opening
regardless of the shape and position. For mechanical ventilation, FDS can well predict
the HRR but produces combustion away from the source which is not obvious in the
experiment. FDS is suitable to conduct parametric study but the results should be taken
with care.
One of the aims with the project was to investigate some new conceptional solutions. One
of the suggested concept solutions was to use car park jet fans on a closed ro-ro space.
Such a system could provide a safer environment for the fire fighters by evacuating the
smoke towards the extract fans. In order to investigate this, one of the in-kind
contributing partners (FläktGroup) carried out a numerical simulation using the car park
concept on ro-ro space. Comparison of the results shows that the air velocities are
significantly higher when the extra jet fans are installed on the deck. The results suggest
that installing the jet fans could be an efficient way to control the smoke in case of
emergency. Nevertheless, more thorough investigation should be done (for example CFD
simulations, possibility to install) before the final conclusions can be drawn and the
concept solution can be implemented.
The concluding outcome of the project was to create recommendations that can be used
in future work in standardization or creation of specific guidelines for fire ventilation.
The main recommendations are that:
1. If ro-ro spaces are to be designed with vent openings over the entire length of the roro space the openings should, to reduce the likelihood of fire development, be positioned
at the bottom and limited to having a total area of not more than 4% of the total area
of the space sides. However, these results need to be evaluated against vent opening area
© RISE Research Institutes of Sweden
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that is required to prevent the build-up of hazardous gases. SOLAS currently requires the
total vent opening area to be at least 10 % of the total area of the space sides, but the
scientific basis for this number is, to RISE knowledge, unclear. Additional research is
needed to confirm the validity of this number.
2. For closed ro-ro spaces fitted with mechanical ventilation the recommendation is
that turning off all ventilation during fire causes a reduction in heat release rate and
lowers the temperature in the smoke layer considerably. However, the test results do
not provide enough insight with regards to visibility conditions. While forced ventilation
may improve visibility conditions and provide pathways for firefighters to access the fire,
it remains uncertain whether the safety benefits from such a method would outweigh the
adverse effects of increased temperature and fire spread resulting from the supply of
fresh air.
The project proposes some area for future research such as continuous research on the
effects of ventilation on fires in ro-ro space in combination with an active water spray
system, the effects of the possibility to activate the mechanical ventilation instead of
shutting it down as is usually proposed today. Also, new tools for manual interventions,
such as portable fans, application of fire monitors for weather deck and formulating
tactical considerations for fire in ro-ro spaces are possibly to improving the fire safety for
ro-ro spaces.

© RISE Research Institutes of Sweden
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1 Introduction
This report is a summary of numerous studies carried out within the framework of the
RO5 project. The first part of the project, the background or literature study, is presented
in reference (Olofsson & Ranudd, RO5 ro-ro space fire ventilation - Literature study,
2019). Two other reports were produced within the project: “Model scale tests of a ro-ro
space fire ventilation” including result and discussion about fire tests and computer
simulations, see references (Olofsson, o.a., Model scale tests of a ro-ro space fire
ventilation, 2019), and a student work using two zone models for parameter study, see
references (Lilja & Lindgren, Influence of ventilation on ro-ro space fire developmnet A study using two-zone fire models in order to explore tendencies of how different
ventilation parameters affects the fire development in ro-ro space, 2019).
The different parts of RO5 are found in the following chapters of this report:
•
•
•
•
•

Literature study – see chapter 2
Identification of weaknesses and safety measures – see chapter 3
Simulations of fire – see chapter 4
Fire tests different ventilation conditions – see chapter 5
Development of concept solutions for protective measures – see chapter 6

1.1 Background
A significant number of fire incidents in ro-ro spaces and lacking signs of diminishing
numbers indicate that fire protection must be improved. This was the conclusion of the
IMO correspondence group in accident investigation, which studied fire statistics for the
period 1994-2011. Their report of March 2013 noted (IMO, 2013):
“61. There have 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.
62. A significant number of the incidents have occurred as a result of electrical fires,
particularly relating to refrigerated trailers, but also in some cases from the ship's own
equipment.
63. Many of the findings of the casualty investigation reports studied reiterate wellknown problems, 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.”
Since then, the accident rate has been maintained, resulting in at least one serious
accident per year and eight total losses since 2002 (for example, Norman Atlantic and
Sorrento in recent years). The statistics for ro-ro space fires clearly show that practical
solutions are needed to reduce the risk of fire in ro-ro spaces. Based on a proposal from
the European Commission, the IMO therefore adopted a new agenda item for the
Maritime Safety Committee in November 2016, called "Fire Safety of Ro-ro Passenger
Ship" (IMO, 2016).
Investigations have begun to identify and analyse critical aspects of ro-ro space fires, as
in the research project FIRESAFE (European Maritime Safety Agency, SP Technical
© RISE Research Institutes of Sweden
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Reseacrh Institutes of Sweden AB, Bureau Veritas, Stena Rederi AB, 2016). It was carried
out in 2016 at the request of the European Maritime Safety Agency and quantified
different fire protection measures for ro-ro spaces, with a clear focus on fire initiated by
electrical failure and malfunction of the drencher system. In the project, ventilation
conditions were identified as crucial to the growth, intensity and burning time of the roro space fires, but that in-depth studies were lacking.
According to SOLAS, there are three categories of ro-ro spaces: weather decks, open roro spaces and closed ro-ro spaces. Weather decks are completely exposed to weather and
wind while open ro-ro space must be open at both ends or at one end and with at least
10% open surfaces in the sides. Otherwise, the ro-ro space is classified as closed (i.e. also
a space with 9% open sides). Ventilation conditions on open ro-ro spaces are problematic
in a fire scenario, as there is free access to oxygen for growth and continued fire, while
much of the hot smoke is contained. For closed ro-ro spaces, there are requirements for
ventilation (mechanical), detection and extinguishing systems, and for weather decks
there is no requirement for active extinguishing systems. There are thus major
differences in the ventilation conditions for a fire and in the fire protection between (and
within) the different categories of ro-ro spaces.
A previous study from (Larsson, Ingason, & Arvidson, 2002) conducted tests in a 1:8
reduced scale ro-ro space to investigate the fire development. The model scale technique
and simple empirical correlations developed gave interesting initial results and enriched
the principal understanding of ventilation on fire development within this type of spaces.
The study was the first in its kind and therefore there was a need to continue with larger
range of fuel types, fuel geometry, ventilation arrangements and positions of openings.
In (Larsson, Ingason, & Arvidson, 2002) no comparison to numerical modelling was
made. In chapter 3 in this report numerical and zone model simulations are briefly
presented and in chapter 4 new model scale tests are presented (Olofsson, o.a., Model
scale tests of a ro-ro space fire ventilation, 2019).

1.2 Objective
The RO5 project aims to clarify how the ro-ro space ventilation affects the development
and management of a fire and to recommend appropriate fire protection measures for
ro-ro space with different ventilation conditions.

1.3 Method
RO5 was divided into five parts:
-

Literature study
Identifying weaknesses
Simulations
Tests
Development of conceptual solutions and documenting recommendations on
appropriate fire protection measures

The literature study shall clarify the rules for ventilation and coupled fire protection
requirements for different types of ro-ro spaces as well as how these can affect and have
influenced the fire performance in the event of previous accidents. This is the basis for
© RISE Research Institutes of Sweden
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identifying fire safety deficiencies for different types of ro-ro spaces as well as suggestions
for fire protection measures. This identification is carried out in a hazard identification
workshop with authorities, ship owners and system suppliers.
Computer simulations of fire in ro-ro spaces under different ventilation conditions is
performed for estimating the impact on a fire's development. Two-zone model and more
advanced CFD model are used depending on scenario. Validation of different simulated
fire scenarios in ro-ro spaces was carried out in a down-scaled tests (1:8).
Model scale tests are used both to analyse effects that cannot be simulated and to
compare with simulated results.
In full scale fire tests, selected effects of ventilation and safety measures are evaluated.
The fire scenarios that were studied in simulations and tests include:
•
•
•
•

Fire on weather deck / free-burning fire;
Fire in closed ro-ro space (without and with different mechanical ventilation/time until
stop);
Fire in open ro-ro space (different location and size of openings, 10/4/1%);
Effects of protective measures (e.g. control/closing of mechanical and natural
ventilation, water cannons)

Concept solutions were developed by system manufacturers together with ship owners
and fire experts. Recommendations on appropriate fire protection measures for different
types of ventilated ro-ro spaces were conveyed to the IMO through the Swedish
Transport Agency, for knowledge dissemination and consideration to introduce
proposals in regulatory amendments.

1.4 Delimitation
Accident investigation reports studied was only ro-ro passenger ship, no cargo ship.
The results from model scale tests performed apply to closed ro-ro spaces and the
proportional size, such as length, width and ceiling height relates to ships in large scale
in that size category.

© RISE Research Institutes of Sweden
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2 Literature study
RO% started with a literature review of regulations, guidelines, ventilation design and
accident investigations. In the following the main findings from the literature study by
(Olofsson & Ranudd, RO5 ro-ro space fire ventilation - Literature study, 2019) is
presented.

2.1 Regulation review
The regulations and documents that mainly have been studied are SOLAS and IMO
circulars and papers related to fire protection and ventilation for ro-ro spaces. Also, the
Swedish ratification of SOLAS, TSFS 2009:98, are included in the literature study to
compare SOLAS with the Swedish regulations. UISC, Interpretations of the International
Convention for the Safety of Life at Sea (SOLAS), 1974 and its Amendments
(International Association of the Classification Societies, 2018) has also been reviewed
in case of clarifying terminology.
It shows that ro-ro spaces are an important component in Swedish and international
marine industry. A significant number of fire incidents in ro-ro spaces and lacking signs
of falling numbers indicate that fire protection must be improved (IMO, 2013). As
recently as in August 2018, a short circuit in a motor of a truck started a fire in the Greek
ferry Eleftherios Venizelos. The vessel was sailing with 875 passengers and 141 crew
onboard (The Greek Reporter: transport, 2018).
Based on a proposal from the European Commission, the IMO has adopted a new agenda
item for the Maritime Safety Committee in November 2016, called "Fire Safety of Ro-ro
Passenger Ship" (IMO, 2016).
There are three categories of ro-ro spaces (IMO, 1974) depending on how open/close
they are:
•
•

•

Weather deck - are completely exposed to weather and wind;
Open ro-ro spaces - 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; and
Closed ro-ro spaces - are other ro-ro spaces, which are neither open ro-ro spaces nor
weather decks.

There are differences in the required fire protection between the ro-ro spaces, a summary
of the requirements is shown in Table 1.
Table 1. Summary of requirements for different types of ro-ro spaces. X marks it is required in that
space and – marks it is not required.

Requirement

Regulation Open ro-ro space

Closed ro-ro space

Weather deck*

Mechanical
ventilation

SOLAS

-

6/10 ACPH

-

TSFS

-

6/10 ACPH

-

SOLAS

X

X

-

TSFS

-

X

-

Fire detection

© RISE Research Institutes of Sweden
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Requirement
Fire alarm
Fire
extinguishing

Regulation Open ro-ro space

Closed ro-ro space

Weather deck*

SOLAS

X

X

-

TSFS

X

X

-

SOLAS

X

X

-

TSFS

X

X

-

*Weather deck has no requirements of fire protection, if not carrying dangerous goods or for new
construction carrying more than 5 tiers of containers when other regulations apply.

The interpretation made in the literature study is that ro-ro spaces are a type of cargo
space and that ro-ro spaces include special category spaces and vehicle spaces. Since this
is open for interpretation the following clarifications are proposed to be added in the
regulations and guidelines:
-

“Ro-ro spaces” should be defined as “ro-ro cargo spaces”, the definition should state
that “ro-ro spaces are cargo spaces not normally subdivided...”;
“Vehicle spaces” should be defined as “Vehicle spaces are ro-ro cargo spaces intended
for carriage of motor vehicles with fuel in their tanks for their own propulsion”;
that a definition of “side” or “space sides” should be added and that the definition shall
include what is a side, and how high a side needs to be to be a side; and
to avoid misunderstanding in how to calculate the openness of a ro-ro space (that for an
open ro-ro space shall be 10% of the space sides) introducing a guidance of how to
calculate it in SOLAS. Are ends and decks included in the calculation, or only hull
sides? as an example.

2.2 Ventilation inventory
The ventilation inventory was made mainly through studying ventilation drawings,
books, interviewing a senior master and visiting Stena Scandinavica. Also, the related
accident investigation review and workshops was used to earn knowledge about the
mechanical ventilation system in ro-ro spaces.
The most common way to use the ventilation during fire, according to the accident
investigations and the conducted workshop, is to shut the ventilation system off after
detecting a fire. Crew representants participating at the workshop mentioned that it is
up to individuals to learn and practise with the ventilations systems to earn knowledge
about the effects in different scenarios, this also mentioned in MSC.1/Circ.1515 Design
guidelines for ventilation systems in ro-ro cargo spaces (IMO, 2015)
Designing the ventilation system is unique for each ro-ro space so each system has its
own way to most effectively work in different scenarios. There are three concepts to
supply and exhaust air from the ro-ro space: longitudinal ventilation, transverse
ventilation and the long-transverse ventilation. All of them having a combination of fans
for supply and exhaust air. Reversible fans are a good way of making the ventilation
system more flexible and easier to optimize depending on the scenario.
The ventilation system today is not designed to work with hot gases from a fire. The
ventilation is primary to prevent flammable and other harmful gases from accumulating
in the ro-ro space. Closed ro-ro spaces need mechanical ventilation with 6 or 10 air
changed per hour (ACPH) and can have a significant area of natural openings.
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From the accident investigation it can be noticed that some crew try to use the ventilation
system to evacuate smoke from the ro-ro space. Some ships have reversible fans installed
making it more possible to use the fans in a flexible way depending on the situation.
Dense smoke and tight parked vehicles are troubles that the fire patrols onboard often
meet when a fire starts in ro-ro space.

2.3 Accident investigation analysis
A total of 14 investigation reports from the years between 2003 and 2017 were studied.
The Table 2 shows a summary of the main findings related to ventilation and fire
development in the studied accident investigation reports.
Table 2 Summary of main findings of studied accident investigation reports. N/A implies no
information was found.

Ship name

Type of roSpread
ro space
of fire or Ventilation
where fire
smoke
started

Kriti II

Closed

N/A

N/A

Amorella

Closed

N/A

Off from start
of fire

Commodore Clipper

Closed

N/A

Stopped

Stena Spirit

Closed

No

N/A

Victoria Seaways

Closed

No

Turned off

Stena URD

Closed

No

Ventilation
used to clear
the smoke
during the fire

Al Salam Boccaccio

Closed

Yes

N/A

Comments

Tightly stowed vehicles.
Thick smoke.

Tightly stowed vehicles

Norman Atlantic

Open

Yes

N/A

Heavy wind affecting the
fire development.
Drencher activated at
wrong section.

Sorrento

Open

Yes

N/A

Drencher did not
extinguish fire

Und Adriyatik

Open

Yes

Smoke was
sucked into
engine room
due to location
of air intake

Joseph and Clara Smallwood

Closed

Yes

Turned off

Dense smoke and tightly
stowed vehicles

Lisco Gloria

Weather/open Yes

Turned off

Tightly stowed vehicles.
Drencher failure. Heavy
smoke.

Mecklenburg Vorpommern

Closed

Turned off and
turned on

Tightly stowed vehicles

© RISE Research Institutes of Sweden
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Ship name

Pearl of Scandinavia

Type of roSpread
ro space
of fire or Ventilation
where fire
smoke
started

Closed

Yes

Comments

Turned off
ventilation in
the whole ship.
Turned on in
Gap in door enabling
accommodation spread of fire and smoke
parts when
smoke spread
there.

The table shows a correlation between fire/smoke spread and open ro-ro spaces. If the
fire started in an open ro-ro space the fire spread to other decks.
There were three fires that not caused fire and smoke spread at all and for these three
the ventilation system was turned off quickly after the fire was detected. In two of them
they had exhaust fans, usually used to extract air during loading and loading, which they
turned on after 10 minutes to evacuate the smoke.
In three of the accidents where the smoke spread to other decks, that was not ro-ro
spaces, even though the ventilation was shut down after the fire was detected.

3 Hazard identification workshop
A so-called hazard identification (Hazid) workshop was held on May 23, 2018. The A-G
scenarios, see list below, were discussed during the workshop with the aim of identifying
hazards and safety measures taking into account the different ventilation conditions of
each scenario. Participants from Stena Line, Stena Teknik, Destination Gotland,
Transportstyrelsen (Swedish Transport Agency’s), MacGregor, Johnson Control
International and researchers from RISE took part in the discussion. The following cases
were handled:
A.
B.
C.
D.
E.
F.
G.

Closed ro-ro space, no ventilation
Closed ro-ro space, mechanical ventilation
Closed ro-ro space, mechanical ventilation, one end open
Open ro-ro space, one end open and 10% open in sides
Open ro-ro space, two ends open
Weather deck, open from above and in two ends, high sides
Weather deck, open from above and in two ends

From the discussions potential safety measures was listed in a table as risk control
measures. Some needed further desk study investigation, other were added to the
simulation and test plan. Only measures focusing on fire development was investigated,
leaving detection and prevention measures aside. Finally, some safety measures resulted
in potential conceptual solutions and are further explained in chapter 6.
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4 Computer simulations
In RO5 numerous computer simulations, both two-zone (CFAST) and 3D numerical
model were performed. Numerical simulation for jet fans is only documented in this
report, while the other simulations are summarized in the previous reports in RO5.
The two-zone simulations are documented in (Olofsson & Ranudd, RO5 ro-ro space fire
ventilation - Literature study, 2019) and in the student report (Lilja & Lindgren,
Influence of ventilation on ro-ro space fire development - A study using two-zone fire
models in order to explore tendencies of how different ventilation parameters affects the
fire development in ro-ro space, 2019). The numerical simulations using FDS are
documented in (Olofsson, o.a., Model scale tests of a ro-ro space fire ventilation, 2019).
The aim was to verify the use of two-zone and numerical models for this kind of
application.

4.1 Two zone simulations with CFAST
This section summarizes the main findings from the two-zone simulations in the student
Bachelor thesis report (Lilja & Lindgren, Influence of ventilation on ro-ro space fire
development - A study using two-zone fire models in order to explore tendencies of how
different ventilation parameters affects the fire development in ro-ro space, 2019) which
is briefly described in (Olofsson & Ranudd, RO5 ro-ro space fire ventilation - Literature
study, 2019).
One part of this two-zone study was to simulate some of the tests in (Larsson, Ingason,
& Arvidson, 2002) in the same sized model, scale 1:8, with two different simulation
software; CFAST and B-RISK, with the aim to see how the simulations cohere with the
tests. This part was necessary due to limitations of the simulation programs and the
simplifications of the fire model. By the valuation it was possible to choose the most
suitable simulation program for further simulations in the study. The most appropriate
program was CFAST.
The measures of the model used in (Larsson, Ingason, & Arvidson, 2002) was 11.425 m
x 2.786 m x 0.625 m (length x width x height) which is 3 m shorter than the built up
model used in the model scale tests performed within the frame of RO5.
The two thesis students then performed a parametric study, scale 1:1, on the effects of
ventilation on fire development using two-zone model simulations and compared to data
from (Larsson, Ingason, & Arvidson, 2002). The parametric study used two-zone fire
simulations in The Consolidated Model of Fire and Smoke Transport, CFAST, version
7.3.0. Simulations in model scale (1:8) and in full scale (1:1) was performed.
Firstly, some notifications of limitations found during the parametric study:
-

CFAST does not take in account the number of openings, when the total area of
openings, sill and soffit height was remained the same; and
CFAST does not consider the number of fans and their related positions.

It was concluded that increased natural ventilation results in larger fire development and
that increased mechanical ventilation also results in larger fire development. In case of
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natural ventilation, the simulations indicate that openings should be constructed as wide
as possible and with as low sill height and soffit height as possible. However, open ro-ro
spaces are recommended to be avoided due to the result that a fire can sustain large with
the access to air from the open end (corresponding to more than 4% opening) even if the
openings in the side plating are forbidden. The regulations and definitions addressing
closed ro-ro spaces are proposed to be reviewed since a closed ro-ro space today can have
up to 9% natural ventilation. The fire will produce inert gases (mainly CO2) in the
burning process and as the gases reaches down to the fire source, the fire will start to
decay until it self-extinguishes if no conditions are changed (vitiated fire).

4.2 Numerical simulations with FDS
This section summarizes the findings from the numerical simulations which are
documented in the test report of RO5 (Olofsson, o.a., Model scale tests of a ro-ro space
fire ventilation, 2019). The simulations were conducted in order to
-

find direct comparison to the model scale fire tests;
to validate the performance of such modelling work;
to study tendencies of the ventilation/opening effect on the fire development; and
to study in more detailed scenarios not carried out in the model scale fire tests nor in the
two-zone modelling.

Numerical study with Fire Dynamic Simulator (FDS) was performed within the project.
The simulations show that FDS underestimates the fire development, the heat release
rate (HRR) of the fire and yields an early extinction when the opening is small. The
results of the simulation compared to gas temperature test data could not be improved
by using experimental input HRR. The fire extinction is determined by the opening
rather than the input data of the HRR. However, when the opening is large (e.g. larger
than 10%) and the fire can freely develop, FDS gives reliable prediction of gas
temperature.
The simulation was carried out with FDS 6.7 (McGrattan, Hostikka, McDermott, Floyd,
& Vanella, 2018), solving a low-Mach number formulation of the Navier Stokes equations
adopting a Large Eddy Simulation (LES) approach with a Deardoﬀ sub-grid closure
model. The geometry and material properties were the same as that in the experiment.
No leakage was defined except at the opening, which implies that temperature rising
faster than in the experiment is expected. To better simulate the flow near the opening,
the computation domain was extended 0.5 m from the deck boundary. The boundary
material was 1.5 mm steel covered by 6 mm gypsum, as in the experiment. The physical
properties of steel were: conductivity 45.8 W/(m K), specific heat 0.46 kJ/(kg K), density
7850 kg/m3 and emissivity 0.95. The physical properties of gypsum were conductivity
0.17 W/(m K), specific heat 1.09 kJ/(kg K), density 930 kg/m3 and emissivity 0.9. The
simulation time was 25 min.
Two ventilation methods were studied, natural ventilation with heptane as fuel and
mechanical ventilation with wood crib as fuel. The HRR curve from the free burning tests
was smoothen out to work as input curve to the simulations.
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4.2.1 Natural ventilation
A total of 15 simulation scenarios were conducted in the model scale and gas
temperature, flow velocity and gas concentration were studied in FDS. This was 4 more
scenarios than in the tests, with intention to better estimate the critical opening ratio for
self-extinguishment of the fire.
In 8 of the scenarios, the fire self-extinguishes. The fire self-extinguishes when the
opening ratio is smaller than 6%, regardless of the opening geometry. The opening ratio
determine the time to reach self-extinguishment; longer time is needed for a larger
opening ratio. The sill and soffit height also affect the fire self-extinguishment, in one
scenario with 10% opening at the bottom of the side, the fire self-extinguishes, while in
other scenarios with 10% opening, the fire can almost freely develop. Also, with one end
open the fire self-extinguish but with two ends open the fire can freely develop.
HRR curve from simulations with opening ratios 1%, 4%, 6%, 8% and 10% are shown in
Figure 1. The openings have the same height and the opening length varies to achieve the
corresponding ratio.
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Figure 1 HRR at different opening ratios, 0-5 min (left) and 0-25 min (right).

When the opening is located close to the bottom deck, the fire self-extinguishes because
of the vitiation phenomena and the simulations also experience instability in some cases.
Placing the opening higher up the smoke evacuates through the top and fresh air comes
in from the bottom of the opening and combustion can easily continue.
Because of vitiation effects the output HRR is different from the input data in the
simulation and a performed sensitivity study conclude that the simple mixing-controlled
combustion model in FDS cannot well predict the fire extinction when there are small
openings at the side plating, and this cannot be improved by only changing simple
settings. The sensitivity study included changing critical ﬂame temperature (CFT), auto
ignition temperature (AIT) and soot yield, adding small openings at the floor near fire
source and using double mesh to better simulate the flow.
In Figure 2 the HRR curve from simulations with the opening at different heights and
with opening ratio 10%. Numerical instability is obtained in FDS 6.7 when the opening
is at bottom (see 1-8) and the fire experiences self-extinguishment. The HRR is slightly
higher when the opening is at middle than that at the top, but in both cases the HRR is
close to free burning (input curve).
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Figure 2 HRR at different opening position, 10% opening.

Comparing the measurement of gases and temperature with the tests it is found that the
gas temperature can mostly be predicted, while a large difference is found for
temperature in the steel close to the fire. The lowest O2 is around 15% in the simulations,
while in the experiment it can reach below 10 %. The CO concentration in the simulation
is set by soot yield, therefore this parameter cannot be compared with the experiment.

4.2.2 Mechanical ventilation
A total of 7 simulation scenarios were conducted in the model scale and gas temperature,
flow velocity and gas concentration were studied in FDS. This was the same scenarios as
in the tests.
The mechanical ventilation simulation shows that with one end open and two different
flow rates (4,4 ACPH and 10 ACPH) of supply ventilation, the supply flow rate has little
effect on the HRR. In both simulations, the air is enough for full combustion. In the next
scenario, with one end still open and the supply fan (10 ACPH) turned off at 3.5 min after
ignition, the HRR first drops after (stopping the supply air), and then rises, as the fire
moves towards the open end.
When the ends are closed and ventilation is provided by supply and exhaust flow, first
with 10 ACPH both in and out and then 10 ACPH in and 20 ACPH out, the double
extraction has little effect on the HRR. This can probably be the case since the fan inlets
are far away from the fire source and does not influence the mixing of air near the flame.
In the scenario when the ends are closed and the supply and exhaust fans are running
steady with 10 ACPH during the whole simulation a higher value and large fluctuation is
found of gas temperature, compared with the experiment. In FDS, combustion moves to
the place where there is supply air. In the experiments it is noted that the temperature is
around 100℃ lower than simulation result in the section the vent inlet and around 3040℃ lower in the section closer to the vent outlet.
The experienced instability in some scenarios, a sudden combustion (similar as
flashover) and extinction is observed at the late stage of the simulation. The reason for
this instability is related to the setting of AIT, but it is not is totally clear what is causing
it. AIT was at first set to 370℃, but it was found that the HRR was significantly different
from the experiment: the fire self-extinguished in the simulation at early stage while kept
burning in the experiment. Together with the experienced instability of HRR the
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simulations were conducted with the default setting (i.e. without defining AIT).
Simulations without defining AIT worked well for most scenarios, but for scenario when
there was no ventilation, a large fire was observed at the small opening and this did not
occur in the tests.

4.2.3 Full scale simulations
4 scenarios in the small-scale simulations were studied in full scale simulations. The
scaling law was used to upscale the HRR and the time. The full scale had the
measurement 8 times bigger than the model scale, resulting in the size 115.2m × 22.4m
× 4.8m (length × width × height). The wall was set to 6 cm steel with the same physical
properties as in the scale model, but the thickness of the steel is not a result of the scaling
law, therefore the heat conduction through the wall may be different from the small-scale
cases. The mesh size was 0.4 m × 0.4 m × 0.4 m.
In addition to the tests and model-scale simulations, a total of 230 cars was placed inside
the model. The cars occupied 16% of the total area and was placed with a distance of 0.6m
between each car. The cars were set “inert” which means the cars never heat up, which is
not true in reality. The fire was placed on the top of two cars in the middle of the deck.
The first simulated full-scale scenario was a fully closed model with heptane as fuel.
Compared with the up scaled data, the full-scale simulation shows a smaller maximum
HRR and a longer time to extinction. Also, both the up scaled data and the full-scale
simulation result in longer time to self-extinction than the same scenario in the model
scale test. In the other closed scenario, which have supply and exhaust ventilation (10
ACPH) that is shut off after 10 minutes. The up scaled results show similar HRR and time
to self-extinction as in the full-scale simulation.
The remaining two scenarios (2-4 and 2-5) having closed ends and 10 ACPH in supply
and exhaust ventilation. In 2-5 the exhaust ventilation is doubled after 10 minutes. The
steady state HRR is about 25 MW in the first one and about 37 MW in the last one. Again,
the up scaled HRR (43 MW) is higher than the full-scale simulation HRR.
The “inert” cars inside the ro-ro space affect the heat transfer process. To better
understand the effect of cars, simulations were also done with no cars for scenario 2-4
and 2-5. In 2-5 the effect of cars is small while in 2-4 the scenario with cars results in
lower HRR than without cars. However, the cars never heat up, which is different from
the real condition and further study is needed to clarify the effect of cars inside a ro-ro
space. The resulting HRR curves for full-scale simulations with and without cars are
shown in Figure 3.
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Figure 3 sensitivity study of cars inside the deck, with and without cars.

5 Fire tests
In RO5 a large part of the project was to perform fire tests. The main efforts were on
performing model scale tests of a ro-ro space (Olofsson, o.a., Model scale tests of a ro-ro
space fire ventilation, 2019). The tests were used to validate and compare results with
the FDS. There was also a full-scale test performed of a fire on an acting weather deck
applying a water canon in order to control it. In the following a summary of these
investigations are given.
This chapter summarises the main discoveries from the performed tests.

5.1 Model scale tests compared to FDS
A series of experimental model scale tests were conducted to study the fire development
in a ro-ro space with various opening geometries and ventilation conditions. The
experiments were performed in a 1:8 reduced scale model, with a dimension of 14.4m ×
2.8m × 0.6m (length × width × height). The fire source was a heptane pool or a wood
crib, depending on scenario, suppose to act like a fire of 400 – 500 kW (around 72 MW
in full scale) that could burn for at least 25 minutes. The model was made of 1.5 mm
thick steel and covered with 6 mm thick gypsum. The steel was used to correspond with
the steel thickness of an ordinary ro-ro ship, and the gypsum was used to achieve a better
correlation in relation to the full-scale conditions. The model was constructed by 10
sections, where there were 9 sections with a length of 1.5 m (section 2 to 10) and one
section with a length of 0.9 m (section 1). Figure 4 shows the side view and top view of
the deck as well as the position of measuring instruments.
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Figure 4 Schematic of the experimental set-up: (a) side view and (b) top view.

The model was fitted with 0.13 m “beams” at the ceiling, both in the transverse direction
and the longitudinal direction. The distance between the beams in the transverse
direction ranged 0.24–0.32m (1.92–2.56m in full scale) and in the longitudinal direction
ranged 0.69–0.70m (5.6m in full-scale). The ends of the model were made possible to
either be open or closed, depending on the test scenario. Two of the sections were named
as “ventilation sections” (section 4 and section 8, see Figure 4 above) with the possibility
to change the size, geometry and position of the opening for different test scenarios. In
this study, openings from 0% to 10% were built, the geometries of the openings are
shown in Figure 5.
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Figure 5 Configurations of the openings (unit: opening ratio). Test 1-12 to 1-15 is only for simulation
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In the scenarios investigating a closed ro-ro space with mechanical ventilation fans were
installed to the model, two supply fans and one exhaust fan. The exhaust fan, however,
was divided in two outlets to spread the exhaust air better. The volume flow rate of the
fans was attuned to provide the specific air change per hour according to the test plan,
that was 0, 4.4, 10 or 20 ACPH. In Table 3 a summary of the test scenarios is given.
Table 3 The test program for the model scale tests.

Scenario
number

Opening

Supply fan

Exhaust fan

Fuel

Natural Ventilation Tests
1-1

Closed

Off

Off

Heptane

1-2

1%

Off

Off

Heptane

1-3

4%

Off

Off

Heptane

1-4

10%

Off

Off

Heptane

1-6

10% top to bottom

Off

Off

Heptane

1-7

1 end open

Off

Off

Heptane

1-8

10% bottom position

Off

Off

Heptane

1-9

10% top position

Off

Off

Heptane

1-10

4% top position

Off

Off

Heptane

1-11

4% bottom position

Off

Off

Heptane

Mechanical Ventilation Tests
2-1

Closed

Off

Off

Wood crib

2-2

1 end open

4.4 ACPH

Off

Wood crib

2-2a

1 end open

10 ACPH

Off

Wood crib

2-3

1 end open

10 ACPH, off at
Off
3.5 min

Wood crib

2-4

Closed

10 ACPH

10 ACPH

Wood crib

10 ACPH

10 ACPH,
increased to 20
Wood crib
ACPH at 3.5
min

2-5

Closed

10 ACPH, off at 10 ACPH, off at
Wood crib
3.5 min
3.5 min
During the experiment, vertical and horizontal gas temperature, steel temperature and
gas concentration were recorded in accordance with the measurement layout given in
Figure 4.
2-6

Closed

5.1.1 Heat release rate (HRR)
The effect of opening on the fire development or HRR is discussed in this section. During
the experiment, it was found that the hot smoke layer interface was always situated
between 0.15m and 0.30m, thus the temperature at the mid deck height (0.3m) can well
represent the upper layer gas temperature.
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In Figure 6 the numerical results using FDS are compared with HRR from the
experiment. The HRR of the experiment (𝑄𝑄̇ ) is obtained from the mass loss rate:

𝑄𝑄̇ = 𝜒𝜒𝑚𝑚̇∆𝐻𝐻

(2)

where 𝜒𝜒 is the combustion efficiency, 𝑚𝑚̇ is the mass loss rate (kg/s) and ∆𝐻𝐻 is the heat of
combustion (kJ/kg). The combustion efficiency 𝜒𝜒 is not studied here, since different
values are expected under different ventilation conditions. Even if in practice, a
combustion coefficient smaller than 1 should be used as for instance 𝜒𝜒 = 0.75 in a sealed
compartment. In the present study and for simplicity, 𝜒𝜒 = 1 , is applied. During the
experiment, the mass loss rate was obtained by placing the fire source on a load scale. It
was found that mass provided by the scale had large fluctuations.
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Figure 6 HRR comparison between the FDS simulations and experiments, Test 1-1 to 1-11.

Due to the effect of vitiation (inert gases surround the fire source), the output HRR is
different from the input data in the FDS simulation. To get similar gas temperature from
the simulation as from the experiment, a similar HRR development is required.
However, the HRR output in the simulation when fire self-extinguishes was determined
mainly by the opening, not only by the HRR input.
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In several scenarios the data of HRR during the combustion is discarded, due to problem
with the weighting platform. The complete HRR is only available for Test 1-1 and 1-11,
for other cases the oxygen concentration at the centre of section 3 in Figure 8 and the
temperature measurement in Figure 9 can be an indicator of the fire development. When
the fire does not self-extinguish, it is known that all the heptane was fully consumed, and
the total energy released 𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 was 626 MJ (based on free burn measurements under a
calorimetry). The average HRR that is missing in the figure can then be obtained from
the simple correlation:
𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 −𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒
𝑄𝑄̇ =
𝑡𝑡

(3)

where 𝐸𝐸𝑒𝑒𝑒𝑒𝑒𝑒 is the energy that can be obtained from the correct measured HRR data by
integrating HRR over time, 𝑡𝑡 is the time over which the data is missing. Using this
method, the average HRR that was not measured in the experiment is listed in Table 4.
Table 4 Average HRR that was not measured in the experiment

Scenario

1-3

1-4

1-6

1-7

1-8

1-9

1-10

HRR (kW)

495

617

478

309

472

492

418

The effect of opening area was studied through tests with opening ratio from 0% to 10%
(1-1, 1-2, 1-3, 1-14, 1-15 and 1-4). As shown in Figure 6, in the experiment the fire selfextinguishes in Test 1-1 and 1-11 (also in Test 1-2, data not available), while in the
simulation fire self-extinguishes in Test 1-1, 1-2, 1-3, 1-7, 1-8 and 1-11. In addition, the
numerical results for Test 1-12 to 1-15 is shown in Figure 7 and it can be seen that the fire
self-extinguishes in Test 1-14. The HRR is slightly reduced in Test 1-15 but can almost
freely develop in Test 1-12 and 1-13.
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Figure 7 Numerical results for Test 1-12 to 1-15.

The correlation also suggests that at the same opening area, a larger opening height leads
to higher air inflow. This effect is not obvious in current study, since fire can both freely
develop in Test 1-4 and 1-6 at 10% opening but with different opening height.
The complete HRR is only available for Test 1-1 and 1-11, for other cases the oxygen
concentration at the centre of section 3 in Figure 8 and the temperature measurement in
Figure 9 (in section 5.1.2) can be an indicator of the fire development.
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Figure 8 Oxygen concentration at mid deck height in section 3.

5.1.1.1

Effect of opening size

Results from Test 1-2, 1-3, 1-14, 1-15 and 1-4 are compared, with opening ratio at 1%, 4%,
6%, 8% and 10%, respectively. The opening is at the centre, with the opening height fixed
at 0.375 m. In the numerical simulation, the fire self-extinguishes when the opening is
smaller than 6%, while in the experiment the fire does not self-extinguish even at 4%.
The experimental HRR at 2% opening (1-2) is not available, but the oxygen concentration
starts increasing while the temperature starts decreasing at about 4 min, which suggests
the fire self-extinguishes at about 4 min. Compared with experiments, FDS predicts an
early extinction and a less severe fire scenario.

5.1.1.2

Effect of opening position

In an under-ventilated fire, the flow exchange between the deck and the ambient
determines the fire development inside the deck. The air flow through the opening is
governed by the pressure difference between the two sides, with cool air inflow in the
lower part and hot smoke outflow in the upper part. A high opening facilitates smoke
outflow while a low opening facilitates air inflow. There is a critical point existing that is
related to how the transportation and mixing of fresh air and combustion products
effectively occurs for this type of enclosure. The effect of opening position is studied when
the opening ratio is 4% (Test 1-10 and 1-11) and 10% (Test 1-8, 1-9 and 1-12).
In case of 4% opening, FDS predicts extinction in both tests when the opening is at the
top (1-10) and the bottom (1-11), whereas in the experiment fire extinction only happens
when the opening is at the bottom. When the opening is at the bottom, the smoke
accumulating at the ceiling cannot be easily discharged. The smoke layer gradually falls
below the top of the opening before flowing out to ambient. In this case, the flow
exchange is weakened, and the fire development is hindered.
In case of 10% opening, FDS predicts extinction when the opening is at the bottom (1-8),
but in the experiment the fire is similar as free burning. When the opening is at the top
(1-9), free burning is observed in both experiment and simulation. Higher up the opening
position leads to a better flow exchange, but this effect is not obvious in the experiment
and only visible in the FDS simulation. The hot smoke outflow also decreases as the
opening position becomes lower. This velocity profile confirms that a better flow
exchange can be obtained with a higher opening position.
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5.1.1.3

Effect of opening at the end

Results from test 1-7 (one end open) and test 1-13 (two ends open) are compared to show
the fire development with opening at the end. In test 1-7, fire can almost freely develop
in the experiment while FDS predicts an extinction at 3.6 min. In test 1-13, FDS predicts
free development of fire, and a free development is also expected in the experiment, since
FDS underestimates the calculated HRR.

5.1.2 Gas temperature at mid deck height
Temperature at the centre of section 3 (T3) and section 5 (T5) is compared between the
experiment and the simulation. The temperature T3 is always significantly lower than
temperature T5, due to a larger distance from the fire source. In the experiment, the
temperature development can be divided into two groups based on the occurrence of selfextinction. See the comparison in Figure 9.
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Figure 9 Gas temperature comparison between the FDS simulation and experiment.

When fire self-extinction happens, the maximum temperature is less than 350℃ for T5
and less than 130℃ for T3. This can be observed in Test 1-1, 1-2 and 1-11. Compared with
FDS simulation, the maximum temperature in the experiment can be predicted but FDS
shows a much faster developing and decay process.
When fire self-extinction does not happen, the maximum temperature is about 750℃ for
T5 and about 200℃ for T3. This can be observed in Test 1-3, 1-4, 1-6, 1-8 and 1-9. In
these five tests, the fire can almost freely develop, despite a small opening ratio. Due to
different fire development, FDS only gives good prediction for Test 1-6. The maximum
gas temperature of T5 is underestimated for almost 200℃ in Test 1-4 and 1-9.
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Note that in Test 1-7 and 1-10 the maximum temperature of T5 is significantly lower than
750℃. In Test 1-7, the left end is open, the smoke at the left part of the deck can be
discharged while fresh air comes in, thus the maximum gas temperature of T5 is reduced
to 320℃. In Test 1-10 the maximum temperature reduces to about 500℃ dues to
incomplete combustion. A low oxygen concentration and a high CO concentration were
found during the experiment. FDS predicts fire extinction in both cases, therefore the
temperature development is different from the experiment.

5.2 Tests on weather deck
One demonstrational fire test of extinguishing a simulated truck fire on weather deck
was performed in the project. The test has not earlier been presented in any details in
other reports in the RO5 project.
Results from the model scale tests are documented in the RO5 report named Model scale
tests of a ro-ro space fire ventilation (Olofsson, o.a., Model scale tests of a ro-ro space fire
ventilation, 2019) and summarised in chapter 5.1 in this report.
The ventilation conditions and means of controlling air supply and smoke spread is, in
contrast to closed ro-ro spaces, very limited on weather decks, hence requiring a different
test setup and ultimately other safety measures. As per today, there are no requirements
in fire extinguishing system or fire detection system on weather deck used as ro-ro space.

5.2.1 Background
Weather deck is “a deck which is completely exposed to the weather from above and from
at least two sides” (IMO, 1974). The weather deck on a ro-ro ship is traditionally not fitted
with conventional fixed fire protection systems such as automatic sprinkler and smoke
detection systems. Although the probability of fire ignition on weather deck is considered
to be lower than in closed or open ro-ro spaces in part due to the limited amount of
ignition sources, e.g. electrical equipment and wiring, the consequences of a growing fire
on weather deck could be disastrous, especially since oxygen supply is unlimited and
dangerous goods are regularly stowed on weather deck.
A fire monitor 1 is per definition a fixed master stream device, manually or remotely
controlled, or both, capable of discharging large volumes of water or foam. Fire monitors
on weather deck is not a novel idea. In 2016, in a response to an invitation from the
Secretary-General for submissions on the topic of enhancing the safety regime for ro-ro
passenger ships, the shipping association Interferry submitted the paper “Best Practice
guidance on ferry safety for ro-ro passenger ships”, (Interferry, 2016) in which they
proposed, among other things that:
“for all ships with weather decks, operators should fit fire monitors (water
cannons) effectively covering the full area of the weather deck. These devices
may be either manually or remotely operated.”
Two years earlier, the Maritime Safety Committee at its ninety-third session went a step
further by adopting amendments to SOLAS regulation II-2/10 mentioned previously,
that require new ships designed and constructed to carry five or more tiers of containers
1

Fire monitors and water monitors are used interchangeably.
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on or above the weather deck to be fitted with mobile water monitors (Maritime Safety
Committee, 2014). At the same session the Committee approved guidelines for the
design, performance, testing and approval of mobile water monitors used for the
protection of on-deck cargo areas of the above-mentioned ships. Although these
amendments and guidelines do not apply to ro-ro passenger ships, they highlight (as
does the paper by Interferry, see MSC 96/6/2) the concern that currently exists within
the industry in regard to the vulnerability of on-deck cargo areas.
Fire monitors on the weather deck of ro-ro passenger ships were furthermore
determined to be a cost-efficient safety measure in the EMSA funded project FIRESAFE
II (Leroux, o.a., 2017).

5.2.2 Objective and methodology
The aim was to carry out demonstration tests of a fixed fire monitor on a weather deck.
The tests carried out within the framework of RO5 were performed at Södra Älvsborg
Fire & Rescue Service’s training site Guttasjön.

5.2.3 Fire test set-up
The test set-up described in the sections below simulates an effort to extinguish a burning
freight trailer sandwiched between two freight trailers with a fire monitor on the weather
deck of a ro-ro ship.

5.2.3.1

The fire test source

A freight truck trailer mock-up consisting of a platform loaded with stacks of Euro-pallets
was used as fire test source. The arrangement, equalling 192 pallets in total, was 16 pallets
high, 2 pallets wide, and 6 pallets long with the nominal dimensions 5050 mm long x
2450 mm wide x 2320 mm high. Two 12 mm gypsum boards covering the middle of the
top surface were mounted with screws and four longitudinal planks on the stacked
pallets. The gypsum boards were used to simulate an obstruction and covered roughly
half of the top surface area. Drawings and photos of the arrangement are shown in Figure
10 to Figure 14.

Figure 10: Long side view of the arrangement, not including containers.
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Figure 11: Top view of the arrangement, not including containers. The shadowed diagonal (red area)
marks the position of the gypsum boards, covering an area of 2400 x 2450 mm.

Figure 12: Short side view of the arrangement which only illustrates one of two adjacent containers.
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Figure 13: Parts of the fire test set-up. The fire test source was a platform of Euro-pallets
sandwiched between two 20-foot containers acting as targets and obstructions. The container
farthest from the fire monitor had an open top. The fire test source was placed on a foundation of
beams and plinths due to the bowl-shaped ground beneath it.

Figure 14: Gypsum boards covering roughly half of the top surface area of the fire test source.

The moisture content of 10 randomly chosen pallets was measured with a pin-type
moisture meter on the day of the test. The arithmetic average of the moisture content
data was 11.2 %.
Two trays measuring 800 mm x 200 mm x 40 mm (length x width x depth) were filled
with 1 litre of heptane each and placed on the underlying beams supporting the stacked
pallets, see Figure 15.
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Figure 15: Top view drawing representing the bottom-most pallets. Arrows show where trays
where inserted. Rectangles with dashed outline show the positions of the trays filled with heptane.

5.2.3.2

The targets

Two 20-foot containers were placed adjacent to the freight truck trailer mock-up at a
distance of 0,6 m, acting as targets and obstructions during the attempt to extinguish the
fire. Thermocouples were attached through small holes on the container sides so that the
thermocouple end points would face the fire, allowing temperature measurements at the
surface. A total of 18 thermocouples were used, 9 on each side, as shown in Figure 16.

Figure 16: Position of thermocouples seen from inside a container. The dashed line corresponds to
the outline of the fire test source, i.e. the freight trailer mockup. The dotted line corresponds to the
position of the gypsum boards that were mounted on top of the stacked pallets.
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5.2.3.3

The fire monitor (water cannon)

A fixed fire monitor was mounted on the working platform of a telescopic forklift truck,
see Figure 17 and Figure 18.

Figure 17: Two fire monitors mounted on a working platform. Only the bottom monitor was used in
the test.

Figure 18: Fire monitor in action can be seen in the top right corner.

The monitor was positioned such that the nozzle faced the long sides of the fire test
source at an elevation of approximately 6 m from ground level and at a horizontal
distance of approximately 30 m from the nearest corner of the nearest container, as
illustrated schematically in Figure 19. The fire monitor was configured to oscillate so it
covered the entire length of the fire test source. During the test it was possible to adjust
the vertical angle by tilting the platform.
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Figure 19: Schematic illustration of fire test setup. The position of the fire monitor in relation to the
fire test source is illustrated. The fire test source is the yellow box, and the red boxes adjacent to
the fire test source represent the 20-foot containers.

5.2.3.4

Flow and pressure measurements

The fire monitor was connected to a flow and pressure meter positioned on ground level.

5.2.3.5

Test scenario and procedure

One test was performed. Two trays filled with heptane were ignited with a stick with its
tip covered in cloth wetted with heptane. The fire eventually ignited the pallets and was
left to develop freely. An attempt to extinguish the fire was initiated once it was visually
observed that at least half of the pallets were engulfed in flames. If the test not succeed
in extinguish the fire should burn out of itself.

5.2.4 Results
An effort to extinguish the fire was initiated at approximately 4 minutes after ignition,
when practically half of the pallets were involved in the fire. In Figure 20 the fire and test
set up before the monitor activation is shown.

Figure 20: The fire prior to monitor activation.
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Assuming an average heat release rate of 190 kW for one Euro-pallet (Arvidsson, 2006),
the total heat release rate at 4 minutes can be estimated to:
𝐻𝐻𝐻𝐻𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒 (𝑡𝑡 = 4 min) = 0,19 𝑀𝑀𝑀𝑀 ⋅

192
≈ 18 𝑀𝑀𝑀𝑀
2

The fire monitor discharge rate was kept constant at nearly 900 l/min throughout the
attempt to extinguish the fire, as seen from the flow meter data shown in Figure 21.
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Figure 21: Water flow rate from fire monitor. Attempt to extinguish the fire was initiated at
approximately 4 minutes after ignition.

During the first few minutes after monitor activation, the water jet was unable to reach
the fuel bed efficiently. The horizontal distance was subsequently reduced by 6 m which
improved efficiency to a certain degree. A substantial amount of water was nonetheless
unable reach the fuel bed as anticipated.
On occasions when the water jet spray was applied to the burning fuel surface efficiently,
the fire intensity decreased, only to increase a few moments after due to the periodic
horizontal motion of the fire monitor. Additionally, although the sky was clear and the
wind was light, with the occasional brief increases in wind speed, the weather conditions
seem nonetheless to have made firefighting more difficult. This was observed as the
actual throw length of the fire monitor varied in time, even when distance and the vertical
angle to the fire remained constant. These observations highlight the importance of
actively fighting the fire by applying water to appropriate areas either through a remotely
controlled system or by manually operating the fire monitor.
The fire increased in intensity, and at around 10 minutes, roughly 80 % of the pallets
were burning. The fire started to decrease after 17 minutes, at which parts of the fire test
source had already started collapsing. At 23 minutes, more than 80 % of the arrangement
had burned down and collapsed, leaving only two stacks of Euro-pallets intact, as seen
in Figure 22.
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Figure 22: What remained of the fire test source. Left photo shows the short side that was closest
to the fire monitor while the right image shows the opposite end.

The test was stopped 33 minutes after ignition. The two stacks of pallets that remained
standing were mostly spared from fire due to the wind blowing towards the opposite
short side, and because the midsection of the freight trailer mock-up had burned down
and collapsed, preventing fire spread between the ends.
Temperature data from the target sides facing the fire are shown in Figure 23. The fire
started to decrease after 17 minutes.
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Figure 23: Aggregate temperature data for both target sides. The farthest side is the side facing the
fire monitor.
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It can be seen that the surface temperature on the side facing the fire monitor (farthest
from the fire monitor) was considerably lower than the opposite side, suggesting that the
fire monitor was, although not capable of quenching the fire, seemingly able to cool down
the surfaces on the container side farthest from the monitor by keeping the temperature
between 50°C and 150°C. Although this indicates that fire spread between trailers may
be prevented through cooling, the actual gap between trailers onboard weather decks
may be less than 0,6 m. Furthermore, as the thermocouples were not welded onto the
container sides but rather suspended in open air, the influence of water droplets on the
thermocouple end points should be borne in mind when drawing conclusions from the
temperature data.
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6 Conceptual solutions
The overall project objective in RO5 is to clarify how the ro-ro space ventilation affects
the development and management of a fire and to recommend appropriate fire
protection measures for ro-ro space with different ventilation conditions. This chapter
presents the conceptual solutions discussed and developed in the project.
With conceptual solutions we aim to show the rough picture of a solution solving
problems found in the project. At least, the conceptual solution shall describe the
problem and if the solution seems to solve the problem it shall also describe how it is
solved, also in a rough description. Some solutions are more detailed described than
other.

6.1 Fire ventilation
With fire ventilation the meaning is active mechanical ventilation in case of fire. With
ventilation that is designed to work in case of fire, i.e. system that withstand hot gases
and evacuate the smoke to the outside of the ship, the ro-ro space can be clear from
smoke with the positive effects of lower risk for flashover, non-complete combustion,
pressure build up and smoke spread. Additionally, it also leads to easier manual
interventions and less damages.
Two concepts have been studied 1. Increase the ventilation flow with the ordinary
ventilation system and 2. Jet fan installation

6.1.1 Increase the ventilation flow with the ordinary
ventilation system
This case was study in the model scale tests, scenario 2-5 where the model was fully
closed, the fuel was wood crib and from start the mechanical supply and exhaust
ventilation was running with 10 ACPH. After 3,5 minutes in the tests (10 minutes in
reality) the exhaust was doubled to 20 ACPH. According to SOLAS II-2 20.3.1.1 the
ventilation system shall be designed to be able to increase the number of air changes
when vehicles are being loaded and unloaded and it is therefore reasonable to assume
that ships can provide 20 ACPH with their ordinary system.
Results from the model scale tests show that a fire burns until the end of the experiment
and temperatures around 400°C is noted. The hot smoke is filling the space down to
between 0.15 and 0.30 meter from the ground. It seems that the presence of the
ventilation reduces the temperature increase in the space. Indeed, the temperature
reaches 130°C at around 7-8 minutes. The double amount of air extraction increases the
temperature by 20-30°C. Results of simulations show that double extraction has little
effect on the HRR, although the steady state is reached at an earlier time.
The temperature of the steel can reach up to 650°C.
Conclusions from the test and simulations it seems like only increasing the air changes
for the exhaust ventilation is not solving the problem of decreasing the fire development
in a ro-ro space.
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6.1.2 Jet fan installation ro-ro space
This solution with using car park jet fans on the closed ro-ro space. Such a system could
provide a safer environment for the manual interventions by forcing the smoke towards
the extract fans.
This chapter provides the description of the suggested concept solution and the results
of the air flow simulations provided by the partners together with some conclusions.
The solution was developed together with the in-kind project partner FläktGroup.

6.1.2.1

System description

System used in the simulations is called a Thrust Fan System. It is a duct-free system and
is based on independent jet fans. In case of fire emergency, the system limits the smoke
propagation by directing the air to the extract fans and thus removing the contaminated
air and smoke from the space. The fresh air is pumped in using the supply fans. Sensors
which are placed around the space control the system by regulating the operation of the
fans. The system can be reversible, which means that the fans can work in both directions
and therefore the smoke can be directed to the closest extract point, depending on the
need. The basic concept of the Jet Thrust Fan System is showed in Figure 24.

Figure 24 Operation of Jet Thrust Fan System

6.1.2.2

Simulation model set up

Model used in the airflow simulations is a Standard Car Park Fan with the diameter of
400 mm. Simulations were made in the software provided by FläktGroup.
Ro-ro space used for the simulations was a deck drawing from one of the in-kind partners
ro-ro ship. Ordinary ventilation system, consisting of two outlet fans and five inlet fans,
was modelled using the adequate geometry, data (dimensions of the openings and the
values of the air flows for each opening).
Two scenarios were simulated. In the first scenario, the simulation was made only with
the existing ventilation system. In the second scenario, six jet fans were added to the
model from the first simulation. Geometry of the models is shown in Figure 25. Black
arrows indicate the ordinary ventilation (inlets and outlets), whereas black arrows with
the red highlights (beams) indicate the jet fans.
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Figure 25 Models without (upper picture) and with (bottom picture) jet fans

6.1.2.3

Simulation results

The results of the airflow simulations are shown in Figure 26 below. Results of the air
velocities visible in the graphs are based on a color scheme. Dark blue color indicates
slow velocity, whereas red color indicates fast velocity. Airflow on the deck was simulated
on the ceiling level.

Figure 26 Results of the airflow simulations without (upper picture) and with (bottom picture) jet
fans

In the first scenario (with ventilation system only), the air velocity in the major part of
the deck varies around 0,01 m/s. Close to the inlet fans, it increases to around 0,5 m/s.
In the second scenario (with six jet fans), the air velocity in front of the fan is around 14
m/s and it decreases to around 5-7 m/s in the significant area of the deck (marked in red
in Figure 26). On the right-side of the deck, the velocity fluctuates around 0,03 m/s. It is
a slightly higher value compared to the first scenario (a brighter blue color can be
observed in the right-side part of the deck, indicating faster velocity).
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Comparison of the results shows that the air velocities are significantly higher when the
extra jet fans are installed on the deck. The red areas indicating areas where the airflow
is faster could provide the smoke-free areas for the fire brigade to operate.
The results suggest that installing the jet fans could be an efficient way to control the
smoke in case of emergency.

6.1.2.4

Cost estimation

Estimated cost of the products used in the simulation is presented in the Table 5.
Table 5 Cost estimation of the system used in the simulations.

Item

Description

1

Car Park - Standard Uni Inlet + Outlet
6
Guard, 40JT-4SP-UBB-TB

874.00

5244.00

2

Car Park - JTv Low Profile Uni Inlet +
6
Outlet Guard, 40JTV-4LP-UBB-TB

1063.00

6378.00

3

Car Park - Standard Rev Inlet + Outlet
6
Guard, 40JT-4SP-RBB-TB

874.00

5244.00

Total
(EUR)

Quantity Unit price Net

16866.00

Cost for installation, maintenance and other costs are not included in the study.

6.2 Portable fans
Portable fans are used in land-based fire fighting. For example, to pressurize a staircase
in a high apartment building.
Usage of portable fans have potential to improve the work environment for manual
interventions and ultimately solve part of the problem with dense smoke filling up the
space preventing manual interventions. Previous studies in a much smaller volume
(800m3) than a ro-ro space (48000m3) summaries that both the visibility of the fire gases
and the gas temperature are significantly affected by using portable fans (Ingason &
Fallberg, Övertrycksventilation i medelstora lokaler - Försök med mobila fläktar, 1998).
For tunnels, which are a bit more similar to a ro-ro space than a compartment a study
named Tactics and Methodology for fires in Underground constructions (TMU) was
carried out by SP Technical Research Institute of Sweden. The study focuses on firefighting performance, capability and organization in underground constructions and one
of the lessons drawn from the projects was that “The use of mobile fans is a good
instrument for controlling smoke and improving visibility, but communication problems
can occur due to high noise levels.” (Ingason, o.a., 2015).
Experience from the performed model scale tests added ventilation flow is not decreasing
the fire development. The effect and use of portable fans in ro-ro space needs further
investigations, and not to forget the effect if combination different methods, for example
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using of fans together with active drencher. Improper use of the fans can lead to an
aggravated fire scenario.

6.3 Reduced flow in ventilation system
This case was study in the model scale tests, scenario 2-2 where the model had one end
open, the fuel was wood crib and from start the mechanical supply ventilation was
running with 4,4 ACPH.
It is not found in the SOLAS regulation where the capacity the ventilation system (6/10
ACPH) comes from. This is defined as the required capacity for the ventilation system in
a ro-ro space to be able to keep the concentration of pollutants under the maximum limit.
However, if the ship is equipped with a gas monitoring system, the capacity can be
reduced.
If the ventilation system can be run at a lower speed, there can be positive effects of this,
besides the effect of fire development. Energy-saving, higher temperature in the space
which leads to better working environment and less risk of frozen pipes and valves.
Results from the test show that the fire burns until the end of the experiment. The
maximum temperature reached is around 300°C and decrease further away from the
inlet fan. Compared to results from test with same set up but 10 ACPH instead of 4.4 the
reduction in temperature is about 100°C with the reduced ventilation flow.
The hot smoke is filling the space down to between 0.15 and 0.30 meter from the ground
in both scenarios.
It seems, from the tests, that the presence of the mechanical ventilation reduces the gas
temperature increase in the space.
The steel temperature on the top of the fire reaches almost 500°C in 5 minutes and after
the increase is smoother to finally reach 600°C at 20 minutes, while with a higher
ventilation flow the steel temperature reaches rapidly its maximum (around 650°C in 6
minutes) and seems to cool down by 50°C for 15 minutes.
Simulations with FDS shows that even if a larger supply flow is provided in 2-2a, the
HRR development is similar and in both scenarios the air is adequate for full combustion.
From the tests and simulations, it seems like only reducing the flow in the ventilation
system is not solving the problem of decreasing the fire development in a ro-ro space.
Shutting down the ventilation leads to a sharp decrease of temperature compared with
only reducing the flow.

6.4 Water monitor on weather deck
A demonstration test simulating an attempt to extinguish a burning freight trailer with a
fire monitor on the weather deck of a ro-ro passenger ship was performed. Although the
oscillating fire monitor with a discharge rate of nearly 900 l/min was unable to
extinguish the fire, the cooling effect on one of the target sides was seemingly significant,
indicating that it may be possible to limit fire spread to adjacent trailers. The specific test
conditions must however be taken into account before drawing too far reaching
conclusions from the temperature data.
© RISE Research Institutes of Sweden

44

The tests show that it is possible to use fire monitors on weather deck, but the capacity
needs to be increased from 900 l/min in order to maintain control of the fire. This needs
to be investigated further, but as a recommendation this is valid until tests show other
results.
More sophisticated systems which locate, track and fight fires in real time through flame
detectors and robotic nozzle technologies may also prove to be suitable for protecting
weather decks from fire. The wind factor is however of particular interest for these types
of systems given that adjusting for wind likely requires advanced technology.

6.5 Fixed detection system on weather deck
See FIRESAFE II study about Detection and Decision where different detection system
are investigated for weather deck (Bureau Veriteas, RISE Research Institutes of Sweden,
Stena Rederi AB, 2018).

6.6 Permanent closing of openings
This case was study in the model scale tests, scenario 1-1 and 2-1. The test result show
that the fire can self-extinguish after 2-3 minutes with heptane fuel and 5-6 minutes with
wood crib fuel. Using the scaling laws to upscale the time to self-extinguishment, this
corresponds to nearly 6 respectively 17 minutes. The simulation of scenario 2-1 result in
a faster time to self-extinction (3.3 min respectively 9.3 min upscaled) but it is noted that
FDS does not well predict the fire extinction when there are small/no openings in the
model.
Scenario 1-2 had only 1% opening, which in reality can be assumed to be normal leakages
why this is also interesting to reflect upon. The openings allow the depletion of the heat,
lowering the gas temperature and thereby the steel temperature. The openings also allow
supply of fresh air which can be assumed to give a higher level of oxygen concentration
adjacent to the fire resulting in a more intensive fire development compared to what
occurred in 1-1.
Opening of 1% with small leakages can be assumed to be spread out and therefore not
cohere with the results from the conducted test. The test set up had 4 openings, 2 on each
side plating. Leakages can be small gaps or cracks.
The temperatures inside the model peak around 60-100°C a bit away from the fire.
Closest to the fire the peak is around 250-300°C. A fire than can develop freely results in
temperatures around 600°C.
From tests and simulations, it seems like closing of openings is an effective safety
measure to control a fire in a ro-ro space. The fire can self-extinguish and temperatures
inside the space are lower than if a fire continuously burn. Further recommendations for
design of openings are made in chapter 8.
Closing of openings upon alarm or with another automatic method is a further
development of permanently closing of openings but it is not investigated in this project.
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7 Discussion
RO5 aimed to clarify how the ro-ro space ventilation affects the development and
management of a fire and to recommend appropriate fire protection measures for ro-ro
space with different ventilation conditions.
This chapter discusses the results and intends to answer questions that arose during the
course of the project.

7.1 Literature study
The literature study gives a broad discussion on fire and safety measures in a ro-ro space.
The focus is on ventilation and how it affects the fire growth rate and fire development.
The literature study shows that a fire in a ro-ro space can grow intensely large and
statistics show that a fire in an open ro-ro spaces spread in 4 out of 4 accidents. Hence,
RO5 will hopefully have an impact of future regulations and recommendations.
The accident investigation review shows that the most common way to operate the
ventilation system in case of a fire onboard is to turn it off. Test results from RO5 shows
that this way of operating the ventilation system is the preferred way to act in case of fire,
to decrease the fire development. Besides, in a few real fire scenarios studied, the fire
spread to other spaces even if the ventilation system was turned off.
Review of regulations show that SOLAS have room for interpretations which can lead to
different safety levels. One example is the definition of weather deck. A weather deck is
completely exposed to weather from above and from at least two sides. This implicate
that the ends are counted as "sides" because otherwise it should not have been
formulated as "from at least two sides" if there were only two sides, or? Consequently, if
"sides" will have a consistent meaning in SOLAS definitions, the interpretation to include
ends in the calculations for open ro-ro spaces. Further, according to the Swedish
Transport Agency, a deck height of 150 cm maximum can be allowed alongside the sides
of the vessel for a side on weather deck for a weather deck to be considered exposed.
What are the effects in case of fire for a weather deck with or without sides? From the
Hazid it was discussed that it is easier to attach detectors on high sides compared to
weather decks that do not have high sides. Also, a weather deck with high sides is more
protected from wind impact, which can reduce the fire's development, fire spread and
smoke spread. On the other hand, the sides can reflect heat and smoke back to a fire and
possibly affect the fire's development.
The intention with the SOLAS regulations is to structurally divide passenger ships so that
a fire cannot spread, and that fire extinguishing system or horizontal divisions should
exist to control a fire in the space of origin. While on the other hand the principle of large
ro-ro spaces is an important part of the maritime industry. Some of the accident
investigations reveal that the large spaces such as ro-ro spaces make it difficult to meet
the functional requirements of the regulations. Especially open ro-ro space, with the
(almost) free access to air, have revealed the problem to suppress and quickly extinguish
a fire in the space of origin and it is sometimes proposed that open ro-ro spaces may be
prohibited.
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7.2 Fire tests and numerical simulations
Can a fire inside a ro-ro space self-extinguish? Can there still be openings in the side
plating, how big?
The tests with natural ventilation show a distinct limitation at 4% opening for the fire
self-extinction to occur, but this is dependent on the height and shape of the opening.
As observed in the literature study, open ro-ro spaces make it difficult to suppress a fire.
The same conclusion was made from the two zone fire simulations conducted in this
study. The simulations show that both increased natural ventilation and increased
mechanical ventilation results in faster fire development. The conducted parameter
simulation study shows that if natural ventilation is nevertheless required, the openings
should, in terms of fire development, preferably be constructed as wide as possible and
with as low sill and soffit height as possible.
The tests show that the mechanical ventilation is vital for the fire to continue to burn.
For the mechanical ventilation case, in case of fire, stopping the ventilation is the best
way to reduce the fire intensity.
The mechanical and natural ventilation tests show that the hot smoke layer interface is
always situated between 0.15 m and 0.30 for all tests within the section 5 and section 7.
For natural ventilation, numerical simulation with FDS 6.7 cannot well predict the fire
extinguishment but underestimates the fire development. Fire self-extinguishes at 4%
opening regardless of the shape and position. For mechanical ventilation, FDS can well
predict the HRR but produces combustion away from the source which is not obvious in
the experiment. FDS is suitable to conduct parametric study but the results should be
taken with care.

7.3 Tests on weather deck
Weather deck with the lack of fire protection requirements and free access to oxygen by
its nature have big feasibility to keep a fire burning and spreading for a long time. There
are, despite of this, currently no provisions in SOLAS that mandate the installation of
alternative fire protection systems that could effectively mitigate the unwanted effects of
an uncontrolled fire.
A demonstration test simulating an attempt to extinguish a burning freight trailer with a
fire monitor on the weather deck of a ro-ro passenger ship was performed. Although the
oscillating fire monitor with a discharge rate of nearly 900 l/min was unable to
extinguish the fire, the cooling effect on one of the target sides was seemingly significant,
indicating that it may be possible to limit fire spread to adjacent trailers. The specific test
conditions must however be taken into account before drawing too far reaching
conclusions from the temperature data.
The test show it is possible to use fire monitors on weather deck, but only one test was
performed, and it is too little basis to conclude for what was the reason for not succeeding
in fire extinguishing. The flow capacity, together with other parameters, needs to be
investigated further. It should also be remembered that fire monitors were determined
to be a cost-effective safety measure in the EMSA funded project FIRESAFE.
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More sophisticated systems which locate, track and fight fires in real time through flame
detectors and robotic nozzle technologies may also prove to be suitable for protecting
weather decks from fire. The wind factor is however of particular interest for these types
of systems given that adjusting for wind likely requires advanced technology.

7.4 Proposed area for further research
The project proposes some area for future research such as:
-

continuous research on the effects of ventilation on fires in ro-ro space in combination
with an active water spray system,
the effects of the possibility to activate the mechanical ventilation instead of shutting it
down as is usually proposed today,
new tools for manual interventions, such as portable fans,
application of fire monitors for weather deck,
location and activation of fire dampers, and
formulating tactical considerations for fire in ro-ro spaces.

The placement and capacity of mechanical exhaust ventilation in order to clear the smoke
from the ro-ro space in combination with activation of either manual or automatic water
spray system. A powerful exhaust system may make the access for fire fighters much
easier, and a first response to fight the fire faster, resulting in a small fire that can be
handled by the fire team. The uncertainty in relation to new energy carriers and ro-ro
space is of great importance in future research proposals.
Besides the fixed ventilation system, also portable fans are interesting in the way of
improving the work environment for the ship fire team and possible in the field of
preventing smoke spread to other spaces. The fan capacity, size, tactic and methodology
for the fire team are examples of further needs for investigation.
Future research regarding fire monitors for the protection of weather deck should
consider appropriate discharge rate and whether it is necessary to increase capacity by
having more than one fire monitor, investigate the ability to operate the fire monitor,
either remotely or directly and investigate the effects of wind when the throw range is
considerable, i.e. more than 30 m.
For all above-mentioned areas, formulating tactical considerations for the crew/ship fire
team to use as guideline and for scenario-based training are important for the
implementation and to avoid reverse fire development.
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8 Guidance for design of vent openings
and ventilation control in ro-ro spaces
Side openings on ro-ro ships are designed to naturally distribute the required fresh air
within a ro-ro space, eliminating the need for ventilation fans. While economically
advantageous, this type of design has the unwanted effect of supplying plentiful of oxygen
for fire to spread uncontrollably beyond its source of ignition. Results from model scale
tests performed at RISE, the results of which form the basis of this guidance paper, show
that open ro-ro spaces are particularly vulnerable to increased fire growth. Per SOLAS,
open ro-ro spaces are those 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 the total area of the space sides.”
Restricting the total area of the openings limits the supply of external air that is necessary
to sustain combustion once the fire has consumed the readily available oxygen in the roro space. Lack of oxygen will smother the fire, causing it to reduce in intensity, and
possibly self-extinguish. However, oxygen depletion will also cause the formation of
unburnt fuel vapor, soot and harmful combustion intermediates, e.g. carbon monoxide.
The hazardous oxygen-depleted environment may, in worst case, trigger a backdraft,
jeopardizing both crew and passengers.
Bearing in mind the above-mentioned considerations, it is recommended that the
International Maritime Organization should strongly consider whether permitting open
ro-ro space, as defined in SOLAS, is justifiable from a fire safety perspective. Past
incidents involving e.g. M/V Sorrento and M/S Norman Atlantic, and results from the
EMSA funded project FIRESAFE II, further illustrate the hazardous nature of open roro spaces, reinforcing the view of RISE that open ro-ro spaces increase fire risk
considerably. Ship operators should furthermore reassess whether the apparent
economic benefit gained from natural ventilation outweighs the increased fire risk,
taking into account aspects that cannot easily be assigned a specific financial value.

8.1 Ventilation openings
If ro-ro spaces are to be designed with ventilation openings over the entire length of the
ro-ro space, assuming both ends are closed, results from model scale tests and two-zone
simulations show that side openings should, to reduce the likelihood of fire development,
be positioned at the bottom and limited to having a total area of not more than 4% of the
total area of the space sides.
The reader shall be reminded that the above-mentioned recommendation needs to be
evaluated against the total ventilation opening area that is required to prevent the buildup of hazardous gases in open ro-ro spaces. SOLAS currently requires the total area to
be at least 10% of the total area of the space sides, but the scientific basis for this number
is unclear. Additional research is needed to confirm the validity of this number (10%).
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It should be underlined that by the definition of an open ro-ro space, there is still at least
one end open even if the spread-out ventilation openings are kept below 4%. This is since
the ends are not included in the calculation of openness. Consequently, keeping one end
open (see test scenario 1-7) means that there is likely enough supply of oxygen from the
outside to sustain a fire in ro-ro space.
For closed ro-ro space, the definition tolerates big differences. A closed ro-ro space with
9% openings and one end open is almost as vulnerable as an open ro-ro space, compared
to a closed ro-ro space without any openings where a fire can self-extinguish after a
certain time.
The regulations and definitions concerning open and closed ro-ro space are suggested to
be reviewed, with the distinct limit of 4% in mind.

8.2 Mechanical ventilation
For closed ro-ro spaces fitted with mechanical ventilation, results from the model scale
tests suggest that turning off all ventilation during fire causes a reduction in heat release
rate and lowers the temperature in the smoke layer considerably. The results from the
model scale tests do not, however, provide enough insight with regards to visibility
conditions. Of particular interest are the conditions near the fire; while forced ventilation
may improve visibility conditions and provide pathways for firefighters to access the fire,
it remains unclear whether the safety benefits from such a course of action would
outweigh the adverse effects of increased temperature and fire spread resulting from the
supply of fresh air.
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9 Conclusions
The RO5 have gained new knowledge on how ventilation systems influence a potential
fire development in ro-ro spaces. The project has also provided new validation results for
numerical and zone modelling work for ro-ro spaces with different type of ventilations,
both natural and mechanical. The results obtained by reduced scale experiments in order
to assess the dynamics of fire in a ro-ro space were analysed.
Firstly, it is proposed that:
-

“Ro-ro spaces” in SOLAS should be defined as “ro-ro cargo spaces”, the definition
should state that “ro-ro spaces are cargo spaces not normally subdivided...”;
“Vehicle spaces” in SOLAS should be defined as “Vehicle spaces are ro-ro cargo
spaces intended for carriage of motor vehicles with fuel in their tanks for their own
propulsion”;
a definition of “side” or if preferred a “space side” should be added in SOLAS and that
the definition shall include what is a side, and how high a side needs to be, to be a side;
a guidance of how to calculate the openness of an open ro-ro space shall be included in
SOLAS do declare if ends and decks included in the calculation, or only hull sides.

One of the key conclusions in the project is the reduction of openings for natural flow
from 10% to 4% and no ends shall be open during the fire. How this can be applied in
real situation may vary on many practical parameters such as building technics, drainage
conditions and type of construction material. If rectangular openings are preferred it is
one of the key conclusions that they should be placed low and the ratio height versus
width should not exceed ½. A better flow exchange was obtained with a higher opening
position.
The tests with natural ventilation show that with 4% opening fire self-extinction occur,
but this is dependent on the height and shape of the opening. Numerical simulations by
FDS predict the fire self-extinction at 4% opening, regardless of the opening position.
The critical opening ratio provided by the simulation is 6%. This shows that FDS
underestimates the fire development (HRR) in a ro-ro space with small openings. Note
that the fire extinction is mainly decided by the opening, not by the input HRR, thus
using experimental HRR as input data cannot improve the simulation. However, FDS
can give good prediction of gas temperature when there is a large opening and the fire
can freely develop, as long as a proper input HRR is provided. In an open ro-ro space
with at least 10% opening and one end open, FDS is expected to perform well.
A demonstration test simulating an attempt to extinguish a burning freight trailer with a
fire monitor on the weather deck of a ro-ro ship was not able to reach fire extinguishment.
Although the oscillating fire monitor with a discharge rate of nearly 900 l/min was
unable to extinguish the fire, the cooling effect on one of the target sides was seemingly
significant, indicating that it may be possible to limit fire spread to adjacent trailers.
Future tests regarding fire monitors for the protection of weather deck should consider
the following:
-

Appropriate discharge rate and whether it is necessary to increase capacity by having
more than one fire monitor, making it possible to fight the fire from two sides.;

© RISE Research Institutes of Sweden

51

-

Appropriate distance between the fire test source and fire monitor, taking into account
the various sizes of weather decks, and challenges arising from very large weather
decks on some ro-ro passenger ships, e.g. Stena Transporter.;
The ability to operate the fire monitor, either remotely or directly.;
The effects of wind when the throw range is considerable, i.e. more than 30 m.

A numerical simulation shows that an installation of jet fans at entrances to the ro-ro
space make better conditions for manual intervention. How this is solved from a practical
point of view needs further discussion.
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