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1 ABSTRACT

The effectiveness of 6 rencher systemsoper Resolution A.123(V) has been questioned for many years. This
report presents a review of potential commercially available alternative systems and their expected
performance efficiency, water consumption and estimated installation costs. Additionally, large-scale fire
tests were performed for selected systems.

Three main alternative fire-extinguishing systems were identified:

1 Compressed Air Foam Systems (CAFS)
1 Foam-water sprinkler and foam-water spray systems; and
1 Water curtains.

Water curtains was the least expensive system, but the areas sub-divided by the water curtains require cargo
spacing, resulting in significant yearly losses in income for a ship owner. Furthermore, water curtains were
de-selected since they cannot replace a conventional fire-extinguishing system.

The installation cost for the selected CAFS was very high and it gave limited fire suppression in the
large-scale fire tests, probably due to the limited discharge density of 2.4 mm/min.

The system per MSC.1/Circ.1430 (10 mm/min) had superior performance while the system per Resolution
A.123(V) (5 mm/min) and the foam-water spray system (6.5 mm/min + foam) limited the fire size to some
degrees. However, for a potential spill fire scenario, improvements of foam could be relevant.

Foam injection could be an alternative, but no new system was recommended to be required.
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2 EXECUTIVE SUMMARY

The main objective of Part 3 of the FIRESAFE Il study was to identify alternative, commercially available
fixed fire-extinguishing systems having the potential to be used for ro-ro spaces on ro-ro passenger ships
and then estimate their performance effectiveness in terms of fire extinguishment, fire suppression and fire
containment as well as water consumption and expected installation cost on new-built and existing ships. It
was specifically cegueshsed shatl dwheeone of the
study did also address new fire hazards associated with alternative fuel vehicles as cargo.

The following fire-extinguishing systems recognized in SOLAS were identified:

1. Manually activated water spray systems as per Resolution A.123(V).

2. Automatic sprinkler or deluge water spray systems as per MSC.1/Circ.1430.
3. Automatic nozzle or deluge water mist systems as per MSC.1/Circ.1430.

4. High-expansion foam systems as per the FSS Code.

5. Gas fire-extinguishing systems as per the FSS Code.

The following three feasible alternative fire-extinguishing systems were identified:

1. Compressed Air Foam Systems (CAFS).
2. Foam-water sprinkler and foam-water spray systems.
3. Water curtains.

These three systems were evaluated theoretically, where the fixed-pipe CAF system was theoretically judged
to offer several benefits compared to traditional foam-water sprinkler and foam-water spray systems, for
example an improved penetration of the fire plume, a better fuel-vapor barrier and longer burn-back time for
flammable liquid spill fires, better thermal radiation protection as the foam blanket stays in place for extended
periods of time on top of a fuel and sticks to vertical surfaces, and a reduction of the quantity of water and
foam concentrate. However, the literature survey did not identify any direct fire test data for the ro-ro space
application that supports how a CAF system should be designed and installed.

A foam-water sprinkler or foam-water spray system would improve the performance against flammable liquid
spill fires as compared to a traditional water spray deluge system. The use of a foam agent additive may
also have some benefits for solid combustible fires, as it blocks heat radiation which prevents or limits fire
spread.

Limited test data is available for water curtains. The available test data indicated that water curtains may be
used to sub-divide a space by limiting the heat radiation and cooling the hot combustion gases. However,
the available test data showed that water flow rates in total probably need to be high. Furthermore, if used
for a ro-ro space, water curtains need to be supplemented by any of the other fire-extinguishing systems
discussed in the report in order to control, suppress or extinguish a fire.

The installation costs for the systems was estimated based in input from system suppliers. The results
indicated that CAFS is the most expensive of the three alternative systems. A system with water curtains
was estimated to be the least expensive, but the areas sub-divided by the water curtainsrequirea A f i r
i.e. a horizontal spacing of the cargo. This spacing results in additional costs due to reduced income,
associated with significant yearly losses for a ship owner.

CAFS and foam-water sprinkler/spray are commercially available but not recognized for the protection of
ro-ro spaces. Water curtains are not commercially available and there is no established installation or testing
standards for such system. Furthermore, water curtains were not considered possible to replace a
conventional fixed fire-extinguishing system in ro-ro spaces, and this solution would be more suitable for
sub-division and containment than extinguishment. Water curtains were therefore not selected for testing.

Two alternative fire-extinguishing systems were selected for large-scale fire tests: a foam-water spray system
and a CAFS. The fire suppression performance of the two systems was compared to the performance of a
deluge water spray systems designed in accordance with Resolution A.123(V) and a system designed in
accordance with MSC.1/Circ.1430. The former is commonly used on existing ships, while the latter is used
on ships constructed after 2012. The fire scenario used in the tests simulated a partly shielded (to the water
spray) and partly exposed fire in a freight truck trailer. It was concluded that the deluge water spray system

al
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designed in accordance with MSC.1/Circ.1430, discharging 10 mm/min of plain water, had a superior
performance than all of the other systems tested. A discharge density of 5 mm/min, associated with the
system designed in accordance with Resolution A.123(V), limited the fire but not to a degree where fire
spread to a space above or to adjacent cargo could definitely be judged to be prevented. The foam-water
spray system had a discharge density of 6.5 mm/min and the performance was more or less between the
two water spray systems. The improvement compared to the system designed in accordance with Resolution
A.123(V) were likely mainly due to the increased discharge rate and there were limited signs of performance
improvements due to the use of the foam additive. However, for a potential fire scenario that also involves a
spill fire, improvements of using foam could be relevant. The CAF system tests were terminated since only
limited fire suppression was observed. Part of the reason for the relatively poor performance of the system
is probably that the discharge density of 2.4 mm/min was significantly less compared to that of the other
systems.

Areas for future research include testing of the activation of automatic sprinklers or nozzles (i.e. sprinklers

or nozzles that are activated by the heat from a fire) at the undersideof 6 o bst r uct e dt rcuecitliionngs &
revision of the fire test procedures in MSC.1/Circ.1430, testing of any scrubbing effects by sprinkler water

sprays on Hydrogen fluoride (HF) generated in fires involving Li-ion batteries, and additional research on the

application of high-expansion foam systems, especially inside-air systems.
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6 INTRODUCTION

Below the scope and objectives of this part of the FIRESAFE Il study are outlined, followed by a brief
background and a description of the methodology used. As a more detailed background, the development
of MSC.1/Circ.1430 is then further elaborated.

6.1 Scope and objectives

The main objective of the study described in this report was to identify (in a literature survey) alternative,
commercially available fixed fire-extinguishing systems having the potential to be used for ro-ro spaces on
ro-ro passenger ships and then estimate their performance effectiveness in terms of fire extinguishment, fire
suppression and fire containment as well as water consumption and expected installation cost on new-built
and existing ships. It was specificalyr equest ed that HfAwater curtainso

to be studied. The study did also address new fire hazards associated with alternative fuel vehicles as cargo.

6.2 Background

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

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

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

In addition, based on the observation that there may be available solutions having a better efficiency than
resolution A.123(V), whose cost-efficiency have not been studied, EMSA launched a specific part focusing
on alternative fixed fire-extinguishing systems for ro-ro spaces on ships (Part 3, i.e. this report).

A fourth part (Part 4) focusing on detection systems in open ro-ro spaces and weather decks was also part
of the FIRESAFE Il study.

6.3 Methodology

In order to achieve the objective described in section 6.1, a five-step methodology was followed. Details of
the steps are provided below:

I 1st step: Desk study to identify (in a literature survey) alternative, commercially available fixed
fire-extinguishing systems! and estimate their performance effectiveness in terms of fire
extinguishment, fire suppression and fire containment as well as water consumption and expected
installation cost on new-built and existing ships;

1 2nd step: Selection of the system(s) expected to have the best performance in combination with a
feasible cost, based on the evaluation of Step 1,

1 3rd step: Fire testing of the system(s) in order to accurately measure the expected risk reduction in

relation t o a conventional 6drencher o syst

Resolution A.123(V);

4th step: Cost-effectiveness assessment for the measured risk reduction; and

5th step: If relevant, development of specific proposals for rule-making.

E ]

shoul

em d

! This terminology is used in SOLAS and other IMO documents, however, the terminology i f i r e pr ot ec

s y s t esmreatler, widely recognized and does not indicate the performance objective of the system. The
latter terminology is therefore used in many international standards.
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6.4 The development of MSC.1/Circ.1430

Since the mid-1 990 6 s, s e v €l2,3] lhavebeenjcendutted, bpth aiming at investigating the fire
hazards on ro-ro decks and cargo spaces, the consequences of such fires, and the most appropriate fire-
extinguishing systems. The test set-up was used in a large-scale fire test, as reported in [2] and documented
in a video [4]. It formed the basis for the fire test procedures in MSC/Circ. 914, adopted in 1999 for the
approval of alternative fixed water-based fire-fighting systems for special category spaces. The performance
criteria of these guidelines were set higher than expected from a system designed in accordance with
Resolution A.123(V) and automatic activation was envisioned. The influence of ventilation conditions has
been investigated in model-scale [5]. These tests showed that a fire on a ro-ro space can be very large
before it becomes ventilation controlled, due to the large volumes and a virtually unlimited availability of air.
A fire during loading or unloading may be critical as a fire potentially could become very large before being
controlled by ventilation conditions.

With the introduction of MSC.1/Circ.1272 [6] in 2008, alternative systems were allowed to be automatically

activated. These guidelines provided a performance-based fire test met hod f or w
water-based fire-fighting systems for ro-ro spaces and special category spaces equivalent to that referred to

in ResolutonA. 123 (V) 0. The intent of the fire test procedur
spray systems designed in accordance with Resolution A.123(V). The fire test procedures, including the fire

test set-ups and acceptance criteria, were established in a project conducted at VTT Technical Research

Centre of Finland in 2006 [7]. Benchmark fire suppression tests were conducted with a water spray system

designed in accordance with Resolution A.123(V), but the acceptance criteria were chosen such that they

were somewhat higher than established with the benchmark system. In addition, the approach of installing

automatic sprinkler systems on vehicle decks was investigated.

At the IMO, questions were raised by Member States as to whether a water spray system in accordance with
Resolution A.123(V) can control or suppress a fire in the ro-ro space of a ship with modern cars, coaches
and heavy goods vehicles [8,9], due the high fire load, the potential shielding of a fire and the fact that the
systems are manually operated. Research conducted in Sweden in the IMPRO-project [10,11,12,13], along
with several serious ro-ro fires, showed that the water spray system design based on resolution A.123(V),
needed improvement. Proposed design and installation guidelines for automatic sprinkler and deluge water
spray systems were submitted to the relevant IMO Correspondence Group by Sweden.

The relevant Working Group at FP55 concluded that these guidelines should be combined with the
performance guidelines in MSC.1/Circ.1272 for alternative systems, to provide for a prescriptive as well as
a performance-based option. The working group considered that existing fixed fire protection systems for
special category spaces, approved and installed based on Resolution A.123(V), should be permitted to
remain in service if they are serviceable. In May 2012, MSC 90 adopted the revised guidelines as
MSC.1/Circ.1430.

However, concerns related to the performance-based option have been raised [14] as the guidelines in
MSC.1/Circ.1430 set a performance level of alternative systems that is only similar or slightly better than the
performance of systems that used to be installed in accordance with IMO Resolution A.123(V).
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7/ REVIEW OF REGULATIONS

The present review aims to give an overview of fixed fire-extinguishing system requirements applicable for
vehicle spaces, ro-ro spaces and special category spaces. Specific details (relevant for this literature study)
related to the design and installation of the systems considered are given later in the report and are not
discussed in this section.

7.1 Reference documents

This section aims to give an overview of relevant regulations. It is to be noted that the review is based on
the currently applicable regulations. Therefore, some of the requirements detailed below may not be
applicable to old ships.

As a general remark, there are very few specific requirements related to fixed fire-extinguishing systems in
Classification Rules. This topic is mainly covered by IMO Regulations and a few IACS texts. Therefore, this
section is mainly based on the IMO and IACS documents listed in Table 1.

Table 1: List of documents used for the review of regulations of fire-extinguishing system requirements
applicable in ro-ro spaces of ro-ro passenger ships.

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

Fire Safety Systems (FSS) Code, as amended in 2016

Resolution A.123(V) i Recommendation on fixed fire extinguishing systems for special
category spaces, October 26, 1967

MSC/Circ.670 i Guidelines for the performance and testing criteria and surveys of high-
expansion foam concentrates for fixed fire-extinguishing systems, January 5, 1995

MSC/Circ.798 i Guidelines for performance and testing criteria and surveys of medium-
expansion concentrates for fire-extinguishing systems, June 9, 1997

MSC/Circ.914 i Guidelines for the approval of alternative fixed water-based fire-fighting
systems for special category spaces, June 4, 1999

IMO Documents ] ] o ] .
MSC/Circ.1165 7 Revised Guidelines for the approval of equivalent water-based fire-

extinguishing systems for machinery spaces and cargo pump-rooms, June 10, 2005

MSC.1/Circ.1272 i Guidelines for the approval of fixed water-based fire-fighting systems
for ro-ro spaces and special category spaces equivalent to that referred to in
Resolution A.123(V), June 4, 2008

MSC.1/Circ.1312/Corr.1 i Revised Guidelines for the performance and testing criteria and
surveys of foam concentrates for fixed fire-extinguishing systems, November 22, 2011

MSC.1/Circ.1320 i Guidelines for the drainage of fire-fighting water from closed vehicle
and ro-ro spaces and special category spaces of passenger and cargo ships, June 11,
2009

MSC.1/Circ.1430 i Revised guidelines for the design and approval of fixed water-based
fire-fighting systems for ro-ro spaces and special category spaces, May 31, 2012

IACS Documents Ul SC17 Rev.2 - Definitions - Control Stations, November 2005

Ul SC32 Rev.2 - Fixed high expansion foam fire-extinguishing system, November 2005

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

Some relevant terms with regard to fire-extinguishment in ro-ro spaces are explained below, based on
regulatory definitions.

7.2.1 Ro-ro space, vehicle space and special category space

Cargo spaces are spaces used for cargo, cargo oil tanks, tanks for other liquid cargo and trunks to such
spaces. (SOLAS 11-2/3.8)

Ro-ro spaces are a type of cargo spaces, defined accordingly (SOLAS 11-2/3.41): Ro-ro spaces are spaces
not normally subdivided in any way and normally extending to either a substantial length or the entire length
of the ship in which motor vehicles with fuel in their tanks for their own propulsion and/or goods (packaged
or in bulk, in or on rail or road cars, vehicles (including road or rail tankers), trailers, containers, pallets,
demountable tanks or in or on similar stowage units or other receptacles) can be loaded and unloaded
normally in a horizontal direction.

Vehicle spaces are cargo spaces intended for carriage of motor vehicles with fuel in their tanks for their own
propulsion. (SOLAS 11-2/3.49)

Special category spaces are those enclosed vehicle spaces above and below the bulkhead deck, into and
from which vehicles can be driven and to which passengers have access. Special category spaces may be
accommodated on more than one deck provided that the total overall clear height for vehicles does not
exceed 10 m. (SOLAS I1-2/3.46)

Special category spaces is the most common type of ro-ro space on ro-ro passenger ships.

7.2.2 Closed ro-ro space, open ro-ro space and weather deck

Some of the most important definitions for the current study are the definitions of closed ro-ro space, open
ro-ro space and weather deck. Ro-ro spaces can be divided in these three categories depending on how
they are enclosed:

1 Weather deck is a deck which is completely exposed to the weather from above and from at least
two sides. (SOLAS I1-2/3.50)

1 Open ro-ro spaces are those ro-ro spaces which are either open at both ends or have an opening
at one end and are provided with adequate natural ventilation effective over their entire length
through permanent openings distributed in the side plating or deckhead or from above, having a total
area of at least 10% of the total area of the space sides. (SOLAS 11-2/3.35)

1 Closed ro-ro spaces are ro-ro spaces which are neither open ro-ro spaces nor weather decks.
(SOLAS 11-2/3.12)

SOLAS states that a weather deck is a deck which is completely exposed to weather from above and from

at least two sides. IACS Ul SC 86 additionally detail s t hat : iFor t h-8/19muorrpspase s

fully open above and with full openi ngs i For pbaotitah
purposes, fixed fire-extinguishing systems cannot be fitted on weather decks due to the absence of a
deckhead. Therefore, this criterion is often used for a practical definition of weather decks.

It can be noted that ro-ro spaces with less than 10% side openings and/or one open end are considered
closed, even though such a space can have significant openings. Furthermore, one deck can include several
categories of ro-ro spaces and the border between for example weather deck and closed ro-ro space can in
practice be vague.

7.2.3 Fire control

A commonly used definition [15] of ffire controlofor water-based fire protection systems is as follows: Limiting
the size of a fire by distribution of water so as to decrease the heat release rate and pre-wet adjacent
combustibles, while controlling ceiling gas temperatures to avoid structural damage.
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7.2.4 Fire suppression

A commonly used definition [15] of ffire suppressiono for water-based fire protection systems is as
follows: Sharply reducing the heat release rate of a fire and preventing its regrowth by means of direct and
sufficient application of water through the fire plume to the burning fuel surface.

7.2.5 Fire extinguishment

A commonly used definition [15] of ffire extinguishmentois as follows: The complete suppression of a fire
until there are no burning combustibles.

7.3 Requirements

The main requirements with regard to fire-extinguishment in ro-ro spaces are defined below.

7.3.1 Fire-extinguishing system alternatives
SOLAS lI-2, Part G, Regulation 20, paragraph 6.1.1 requires that:

Vehicle spaces and ro-ro spaces, which are not special category spaces and are capable of being sealed
from a location outside of the cargo spaces, shall be fitted with one of the following fixed fire-extinguishing
systems:

1 afixed gas fire-extinguishing system
1 afixed high-expansion foam fire-extinguishing system complying
1 afixed water-based fire-fighting system for ro-ro spaces and special category spaces

SOLAS lI-2, Part G, Regulation 20, paragraph 6.1.2 requires that:

Vehicle spaces and ro-ro spaces not capable of being sealed and special category spaces shall be fitted
with a fixed water-based fire-fighting system for ro-ro spaces and special category spaces, which shall
protect all parts of any deck and vehicle platform in such spaces.

Such a water-based fire-fighting system shall have:

1 a pressure gauge on the valve manifold

1 clear marking on each manifold valve indicating the spaces served

9 instructions for maintenance and operation located in the valve room

1 asufficient number of drainage valves to ensure complete drainage of the system.

SOLAS II-2, Part G, Regulation 20, paragraph 6.1.3 requires that:

The Administration may permit the use of any other fixed fire-extinguishing system that has been shown, by
a full-scale test in conditions simulating a flowing petrol fire in a vehicle space or a ro-ro space, to be not less
effective in controlling fires likely to occur in such a space.

Chapter 1 of the FSS Code, paragraph 4 requires that:

The use of a fire-extinguishing medium which, in the opinion of the Administration, either by itself or under
expected conditions of use gives off toxic gases, liquids and other substances in such quantities as to
endanger persons shall not be permitted.

7.3.2 Drainage and pumping arrangement
SOLAS II-2 Part G, Regulation 20, paragraph 6.1.4 requires that:

When fixed pressure water-spraying fire-extinguishing systems are fitted, in view of the serious loss of
stability which could arise due to large quantities of water accumulating on the deck or decks during the
operation of the fixed pressure water-spraying system, the following arrangements shall be provided in
passenger ships:
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1. Inthe spaces above the bulkhead deck, scuppers shall be fitted so as to ensure that such water is
rapidly discharged directly overboard, taking into account the guidelines developed by the
Organization [MSC.1/Circ.1320];

1. Inro-ro passenger ships, discharge valves for scuppers, fitted with positive means of closing
operable from a position above the bulkhead deck in accordance with the requirements of
the International Convention on Load Lines in force, shall be kept open while the ships are
at sea.

2. Any operation of valves shall be recorded in the log-book.

2. In the spaces below the bulkhead deck, the Administration may require pumping and drainage
facilities to be provided additional to the requirements of regulation 11-1/35-1. In such case, the
drainage system shall be sized to remove no less than 125% of the combined capacity of both the
water-spraying system pumps and the required number of fire hose nozzles, taking into account the
guidelines developed by the Organization. The drainage system valves shall be operable from
outside the protected space at a position in the vicinity of the extinguishing system controls. Bilge
wells shall be of sufficient holding capacity and shall be arranged at the side shell of the ship at a
distance from each other of not more than 40 m in each watertight compartment.

SOLAS II-2 Part G, Regulation 20, paragraph 6.1.5 requires that:

For closed vehicles and ro-ro spaces and special category spaces, where fixed pressure water-spraying
systems are fitted, means shall be provided to prevent the blockage of drainage arrangements, taking into
account the guidelines developed by the Organization [IMO Circular MSC.1/Circ.1320].

7.3.3 Carriage of dangerous goods i water spray systems
SOLAS II-2 Part G, Regulation 19, paragraph 3.9 requires that:

Each open ro-ro space having a deck above it and each space deemed to be a closed ro-ro space not
capable of being sealed shall be fitted with an approved fixed pressure water-spraying system for manual
operation which shall protect all parts of any deck and vehicle platform in the space, except that the
Administration may permit the use of any other fixed fire-extinguishing system that has been shown by full-
scale test to be no less effective.

However, the drainage and pumping arrangements shall be such as to prevent the build-up of free surfaces.
The drainage system shall be sized to remove no less than 125% of the combined capacity of both the water-
spraying system pumps and the required number of fire hose nozzles. The drainage system valves shall be
operable from outside the protected space at a position in the vicinity of the extinguishing system controls.

Bilge wells shall be of sufficient holding capacity and shall be arranged at the side shell of the ship at a
distance from each other of not more than 40 m in each watertight compartment. If this is not possible, the
adverse effect upon stability of the added weight and free surface of water shall be taken into account to the
extent deemed necessary by the Administration in its approval of the stability information.
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8 FIRE HAZARDS AND FIRE SCENARIOS IN VEHICLES

The fire hazards and fire scenarios in ro-ro spaces are thoroughly discussed in some of the referenced
publications in this report, but the severity of fires in modern vehicles is worthwhile to illustrate by a series of
photos.

Figure 1 illustrates a fire in the front part of a freight truck. The fire involves the engine compartment, the
interior of the cab, combustible exterior parts such as the side view mirrors, headlights and the bumper as
well as the front tires. Melted plastics have formed a pool fire on the ground. It can also be observed that the
paint is burning and that huge amounts of black smoke is formed. The convective and radiant heat from a
fire like this is high and large parts of the combustible materials on fire are shielded by the body of the truck.
Fire involvement of the trailer would further increase the severity of the fire.

Figure 1: Fire in the front part of a freight truck. Photo: RISE.

Figure 2 through Figure 4 show a fire inside a bus used for city traffic. The fire was intentionally started in
the engine compartment and spread to the interior. The fire involved the engine compartment, the interior,
combustible exterior parts and all tires. Melted plastics formed a pool fire on the ground. It can be observed
that the paint is burning and that huge amounts of black smoke is formed.
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Figure 2: Fire in a bus used for city traffic. The fire was intentionally started in the engine compartment. At this
stage, the engine compartment is fully involved in the fire, the interior is involved, and the center part of the roof
is burnt through. Photo: RISE.

Figure 3: The fully developed fire involved the complete interior and all external combustibles including the
tires. The amount of black smoke from the fire was huge. Photo: RISE.
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Figure 4: The remains after the test, which illustrates that all tires and the interior has been consumed. All
windows and doors have broken. The body of the bus is reasonably intact, but the center part of the roof burnt
through. Photo: RISE.

Figure 5 through Figure 8 illustrate heavy vehicles where staff from RISE have investigated the cause of fire.
The photos illustrate the degree of involvement of different parts of the vehicles and in some cases how the
fires have spread, for example from the engine compartment to the interior. For some of the vehicles, the
fire has destroyed parts of their structure but in other cases the structure is relatively intact.

The application of water from over-head sprinklers or nozzles in a ro-ro space could effectively prevent the
burn through of the body of a vehicle due to the cooling of water. This would make the seat of the fire almost
completely shielded from the application of water. To prevent the fire from spreading to adjacent, close-by
vehicles, cooling of these vehicles by the water spray is essential.
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Figure 5: A fire in a bus that started in the engine compartment and spread to the interior. It can be observed
that the central part of the roof has burnt through, all window glazings have broken but the rest of the structure
is intact. The tires were not involved in the fire. Photo: RISE.

Figure 6: Garbage vehicle where the cab and front tires have been completely consumed in a fire, but the rear
part of the vehicle was not involved as it is primarily made from steel. Photo: RISE.
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Figure 7: The results of afire in awood chipper vehicle. It is likely that the fire started when hydraulic oil leaked
and ignited on a hot surface. It can be observed that virtually all combustible materials have been consumed
but the structure is relatively intact. The rear tires were installed after the fire to facilitate transport from the site
where the fire occurred. Photo: RISE.

Figure 8: The result of a fire in another wood chipper vehicle that probably started in the engine compartment.
It can be observed that virtually all combustible materials have been consumed but the cab is relatively intact.
Photo: RISE.
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