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Abstract 
 
Fire safety approach on the DESSO ROPAX 
 
This report summarises the fire safety approach on the DESSO ROPAX. 
 
The basics starting point of the work was that the DESSO ROPAX should fulfil all the 
prescriptive requirements given in SOLAS Chapter II-2, the FTP Code, the FSS Code and 
other relevant documents. 
 
In addition to these measures, the intention has been to minimise the growth and spread 
of fire from its point of initiation, and/or maximise the time one can survive on the 
burning ship. Such improvements has been made by an astute design and lay-out of the 
ship, judicious selection of material in order to minimise the growth and spread of fire, 
rapid fire detection and response, coupled to fire mitigation or a combination of these 
activities. It is imperative that the reliability of active fire protection measures, such as 
fire detection systems or sprinkler systems, is high. Redundancy and reliability beyond 
the present regulatory requirements has therefore been sought. 
 
Key words: Ships safety, fire protection, ro-ro ships. 
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Preface 
 
Fires represent a serious hazard for ships; several studies have shown that fire is the 
second largest hazard for crew and passengers on ships. Foundering due to collision, 
grounding or hull structural failure is generally considered as being the largest hazard. 
 
The main objective under WP 7 of the DESSO project is to improve fire safety on ro-pax 
ships by minimising the growth and spread of fire from its point of initiation, and 
maximise the time one can survive on the burning ship. 
 
One important outcome of the project is the conceptual design of a ro-pax ship having 
better fire safety than “state of the art”. 
 
The authors of this report would like to acknowledge the following persons for their 
valuable input: 
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Örjan Götmalm, ABB Automation Technologies AB 
 
Jerry Lindskog, Consilium Fire & Gas AB 
 
Bengt Lyderson, the Swedish Maritime Administration 
 
Jan Montonen, Marioff Corporation Oy 
 
Klas Nylander, Consilium Fire & Gas AB 
 
Jan Sanderoth, Consilium Fire & Gas AB 
 
Johan Wikman, the Swedish Maritime Administration 
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Sammanfattning 
 
Målsättningen med DESSO-projektet (Design for Survival Onboard eller populärt 
”fartyget som sin egen livbåt”) har varit att utveckla ett fartygskoncept med en 
säkerhetsnivå avseende bland annat flytbarhet, evakueringsmöjligheter och brandsäkerhet 
som är bättre än ”state of the art”. Vid en kollision eller en brand är det meningen att 
passagerarna skall kunna stanna kvar ombord på fartyget. Fartyget skall därefter kunna ta 
sig till hamn för egen maskin eller evakuera passagerarna under säkra former. 
 
Denna rapport redovisar hur brandskyddet ombord på konceptfartyget är utformat. 
Konceptfartyget har fått namnet ”DESSO ROPAX”. 
 
En naturlig utgångspunkt är självfallet att samtliga av dagens brandsäkerhetskrav skall 
vara uppfyllda. Utöver detta har säkerhetsnivån höjts genom att bland annat välja 
inredningsmaterial och elkablar med bättre brandegenskaper än dagens krav, använda 
redundanta säkerhetssystem med hög tillförlitlighet, dela av ro-ro däcken i mindre 
rumsvolymer, förbättra brandisoleringen mellan vissa delar av fartyget, använda aktiva 
brandgaskontrollsystem, etc. Inte minst viktigt har varit att utforma fartygets layout så att 
risken för brandspridning och konsekvenserna av en brand minskar. Dessutom har stor 
möda lagts vid en utformning som medger att passagerare enkelt skall kunna orientera sig 
ombord och snabbt skall kunna utrymma. 
 
Utöver detta har det s.k. ”safe area” konceptet tillämpats på fartyget. Det innebär att alla 
delar av fartyget, utanför den vertikala brandzon där en brand startar, skall vara säkra för 
passagerare och att basala funktioner för att erbjuda passagerarna sanitet, värme, vatten, 
mat, sjukvård, etc skall finnas.  
 
Sökord: Fartyg, brandskydd, brand, säkerhet. 
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1 Introduction 
 
1.1 Scope 
 
The main objective under WP 7 of the DESSO project has been to improve fire safety on 
ro-pax ships by minimising the growth and spread of fire from its point of initiation, and 
maximise the time one can survive on the burning ship. 
 
One ultimate goal of the project is that the conceptual design of the DESSO ROPAX 
should have fire safety level better than “state of the art”. 
 
Such improvements can be achieved through an astute design and lay-out of the ship, 
judicious selection of material in order to minimising the growth and spread of fire, rapid 
fire detection and response, coupled to fire mitigation or a combination of these activities. 
It is imperative that the reliability of active fire protection measures, such as fire detection 
systems or sprinkler systems, is high. This will require additional redundancy beyond the 
present regulatory requirements. 
 
The starting point for the work is that all prescriptive requirements given in SOLAS 
Chapter II-2, the FTP Code, the FSS Code and other relevant documents should be 
fulfilled. Measures for improving fire safety beyond this level shall, preferably, be: 
 
• realistic, 
• simple and achievable, and, 
• cost effective. 
 
The work has focused on three main areas on board a ro-pax ship, namely the: 
 
• accommodation and service spaces, 
• machinery spaces, and, 
• ro-ro cargo decks (defined as “special category spaces”). 
 
In WP 2, an analysis [1] of the damage due to fires, the risk for fire spread and 
consequences of such spread for two disastrous ship fires, the fire on board Scandinavian 
Star in 1990 and the fire on board Silver Ray in 2002, have been carried out. This 
analysis was made in order to identify key event chain breakers, which provide the 
greatest potential benefit for improvements. 
 
1.2 Fire safety measures on board ro-pax ships – the 

principles 
 
1.2.1 Present regulatory requirements 
 
The fire safety on board modern ro-pax ships relies on a series of measures, which may 
be summarised as follows: 
 
• Preventing fire from occurring. This is achieved, for example, by using spray 

shields around flanges on pipes for fuel and lubrication oil, thermal insulation of hot 
surfaces, the use of combustible material with restricted ignitability, minimization of 
the possibility of ignition of flammable cargo vapour, etc. 
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• Early fire detection. A fixed fire detection system as well as manually operated call 
points is required throughout the ship. 
 

• Fire patrols. Crew regularly patrol the ship which facilitates both the possibility of 
detecting a fire as well as manual fire fighting. 
 

• Manual fire fighting. Fire mains, with hydrants and hoses as well as portable fire 
extinguishers aid the possibilities for fighting a fire manually. 
 

• Limiting the growth of fire and the generation of toxic gas. The use of non-
combustible material and surface lining material with low flame-spread 
characteristics and limited production of smoke and toxic gases limits the growth of a 
fire and the generation of toxic products. 
 

• Fixed fire fighting systems. Almost all spaces on board a ro-pax ship require fixed 
fire fighting systems with either automatic or manual activation. 
 

• Preventing the spread of smoke. Closure of fire doors and the ventilation system 
will prevent or limit the spread of smoke. 
 

• Preventing fire from spreading. The ship shall be subdivided by thermal and 
structural boundaries using “A” class and “B” class divisions. 
 

• Means of egress. Safe escape routes for passengers and crewmembers shall be 
provided. 

 
Obviously, the management of the ship as well as the skill and training of the 
crewmembers are important, however, such considerations are outside the scope of this 
project. 
 
1.2.2 Guidelines for alternative design and arrangements 
 
The revised SOLAS chapter II-2, Construction - Fire protection, fire detection and fire 
extinction, of the International Convention for the Safety of Life at Sea (SOLAS), 1974 
and its related Fire Safety Systems Code that entered into force in July 1, 2002 is 
intended to be clear, concise and user-friendly, incorporating substantial changes 
introduced in recent years following a number of serious fire casualties [2]. 
 
The changes included a new Part F, Alternative design and arrangements, which 
addresses the requirements for engineering analyses conducted in support of an 
alternative design. 
 
To complement the new Part F, the Maritime Safety Committee (MSC) published 
MSC/Circ.1002, Guidelines on alternative design and arrangements for fire safety, in 
June 2001. 
 
The guidelines given in MSC/Circ.1002 are intended for the application of fire safety 
engineering design to provide technical justification for alternative design and 
arrangements to the prescriptive requirements in SOLAS chapter II-2. The guidelines 
outline the methodology for the engineering analysis required by SOLAS regulation II-
2/17 “Alternative design and arrangements”, applying to a specific fire safety system, 
design or arrangement. 
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The guidelines address the requirements for engineering analysis, including preliminary 
analysis, development of fire scenarios and performance criteria, quantitative analysis, 
evaluation of trial designs and documentation requirements [3]. 
 
One very important aspect of any alternative design following these guidelines is the 
establishment of a design team with fire safety engineering expertise, communicating 
with the maritime administration having jurisdiction and preparing the necessary 
documentation. 
 
In addition, the approving administration should report relevant information about the 
approved alternative design to the IMO for circulation to member governments. 
 
The guidelines are not intended to be used as a stand alone document, but should be used 
in conjunction with fire safety engineering design guides and engineering literature 
acceptable to the maritime administration, for example the SFPE Handbook on Fire 
Protection Engineering or the International Standards Organisation (ISO) fire safety 
engineering standards ISO/TR 13387-1 to 13387-8. 
 
1.2.3 Upcoming regulatory requirements 

 
1.2.3.1 The safe area concept 
 
Future large passenger ships should be designed for improved survivability so that, in the 
event of a casualty, passengers and crew members can stay safely on board as the ship 
proceeds to port. Fire protection and prevention measures are therefore currently 
considered in order to minimizing the need to abandon the ship. 
 
One important measure to achieve improved survivability is the “safe area” concept. At 
its seventy-eighth session [4] in May 2004 the Maritime Safety Committee (MSC) agreed 
to the following definition: 
 
”Safe area in the context of a fire casualty, is, from the perspective of habitability, any 
area outside the main vertical zone(s) in which a fire has occurred such that it can safely 
accommodate all the persons onboard to protect them from hazards to life or health and 
provide them with basic services”. 
 
From this definition, it is clear that the “safe area” is not intended to be a single area or 
space outside the main vertical zone affected by the fire. It can also be assumed that a fire 
has resulted in the loss of the main vertical zone in which it has occurred. 
 
MSC 78 endorsed the Fire Protection Sub-Committee to develop functional requirements, 
fire scenarios and performance standards in support of the “safe area” concept. At its 
forty-ninth session [5] in January 2005 the Fire Protection Sub-Committee agreed on the 
following text relating to the size and location of a “safe area”: 
 
”The safe area should generally be an internal space, however, the use of an external 
space as a safe area may be allowed by any Administration taking into account any 
restriction to the area of operation and relevant expected environmental conditions” 
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The group also agreed on the following functional requirements: 
 
“The safe area(s) should provide all occupants with the following basic services to 
ensure that the health of the passengers and crew are maintained: 
 

1. sanitation; 
2. water; 
3. food; 
4. alternative space for medical care; 
5. shelter from the weather; 
6. means preventing heat stress and hypothermia; 
7. light; 
8. ventilation; 
9. internal communications, such as public address systems, internal phones, radio 

communications and battery powered voice amplifiers; and 
10. adequate rest facilities.” 

 
The intention is that the safe area(s) should keep the passengers and crew members safe 
from a fire. This intent was described using the following text: 
 
”The amount of smoke and hot gases reaching the safe area should be limited through 
the use of ventilation design, smoke barriers, etc.” 
 
It was also recognized that in the event of abandoning a vessel, the availability of and 
access to all possible means of escape should be ensured. This intent was described using 
the following text: 
 
”Adequate means of egress/escape to life saving appliances should be provided from 
each area identified or used as a safe area taking into account that a main vertical zone 
may not be available for internal transit.” 
 
1.2.3.2 On-board safety centre 
 
Although the monitoring and control of several safety systems can be carried out from the 
navigation bridge, should an emergency occur, a situation may develop where 
management of the emergency could distract watch officer from the navigational duties. 
Therefore, the provision of a “safety centre” adjacent to or within, but distinct from the 
navigation bridge, could assist in the management of an emergency. The intent has been 
described using the following text. 
 
“Safety centre is a control station dedicated to management of emergency situations. 
Safety systems control and/or monitoring is an integral part of the safety centre.” 
 
“The following safety systems shall be capable of being controlled and/or monitored, as 
appropriate, from the safety centre: 
 

1. power ventilation system; 
2. fire doors; 
3. machinery spaces fire doors; 
4. general emergency alarm system; 
5. public address system; 
6. evacuation guidance system; 
7. watertight and semi-watertight doors; 
8. indicators for shell doors, loading doors and other closing appliances; 
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9. water leakage of inner outer and bow doors, stern doors and other shell doors; 
10. television surveillance system; 
11. fire detection alarm system; 
12. fixed local application system; 
13. sprinkler system; 
14. water based systems for machinery spaces and pump-rooms; 
15. equivalent sprinkler systems; 
16. alarm to summon the crew; 
17. ventilation system for closed vehicle spaces, closed ro-ro spaces and special 

category spaces; 
18. fire dampers, where a centralised control is foreseen; 
19. activation ed of fixed fire extinguishing systems in general; 
20. ER ventilation systems; 
21. bilge system; 
22. doors to restricted areas; 
23. atrium smoke extraction system. 

 
Where the safety centre is located outside the navigation bridge, duplications 
monitoring/control functions required to be located at the navigating bridge or in a 
continuously manned control station shall be provided.” 
 
Discussions within IMO are currently ongoing in order to further develop the functional 
requirements and performance standards in support of the “safe area” concept [6]. 
 
1.3 The content of this report 
 
Based on the results of this initial study, the current requirements of Chapter II-2 of 
SOLAS, the FSS Code, the FTP Code, etc for the specific type of ship and the associated 
fire test procedures related to the three categories of spaces described above have been 
summarised. This summary is given in Appendix A of the report. 
 
It is expected that improved fire prevention, detection and mitigation will require high 
standards of design and that changes will be suggested to better address a modern sea 
situation to enable performance of a ship as its own lifeboat. The prescriptive 
requirements given in the documents described above have therefore been analysed and 
their utility determined. The outcome is presented within the report. 
 
Computational Fluid Dynamics (CFD) modelling has been used to demonstrate the 
effects, temperatures and smoke spread from fires in ro-ro cargo decks and the effect 
from water-based fire protection systems. The outcome from the study is presented within 
the report, refer to Appendix B. 
 
An experimental survey of the fire characteristics of six mattresses, five of which are 
approved according to SOLAS regulations for use on passenger ships, i.e. FTP Code 
Part 9, has also been undertaken, refer to Appendix C. The full-scale test followed a 
recently adopted Swedish standard for fire safety of mattresses in health-care 
applications, SS 876 00 10. Two of the approved mattresses failed according to the full-
scale criteria, one due to too high smoke production and one due to too high heat release 
and smoke production. The other three mattresses showed good fire performance and two 
of them present a very high level of fire safety. 
 
Computational Fluid Dynamics (CFD) modelling was also used to design an active 
smoke control system for the accommodation spaces of the ship, refer to Appendix D. 
 



 
 
 
 
 

11

The detailed fire protection design of the concept ship is described within this report. In 
addition, fire protection features such as the location of the Main Vertical Zones, the 
sprinkler system piping, the fire barriers on the ro-ro cargo decks, the ventilation ducts for 
the active smoke control system, etc. are given in the drawing of the ship. 
 
1.4 A general description of the DESSO ROPAX 
 
The DESSO ROPAX contains eight decks, including three decks for accommodation and 
service for the passengers and three ro-ro cargo decks. Given below are the main 
statistics: 
 
Dimensions 
L.O.A.: 189,5 m 
L.B.P.: 179,5 m 
B.O.A.: 32,1 m 
 
Depth to dk 1: 3,75 m 
Depth to dk 2: 10,0 m 
Depth to dk 3: 15,95 m 
Depth to dk 4: 21,40 m 
 
Design draft: 6,80 m 
Scantling draft: 7,00 m 
 
DWT max: abt. 8 000 t 
 
Main engines: abt. 28 000 kW 
 
Speed 
Service Speed at 6,8 m: abt. 24 kn. 85% MCR. 
 
Cargo Deck Loads 
Axle load: 15 t. 
 
Uniform load:  Deck 1 and 2: 3 t/sqm. 

Deck 3 and 4: 2,2 t/sqm. 
 
Capacities, trailer lane meter  
Deck 1: 410 lm 
Deck 2: 1214 lm 
Deck 3: 1376 lm 
Deck 5: 400 lm 
Total: 3 400 lm 
 
Accommodation 
Passengers total: 1 500 pax 
Air seats: 300 seats 
Cabins (2+2): 250 cabins 
Crew cabins: 67 cabins 
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2 Accommodation and service spaces 
 
2.1 Introduction 
 
Fire within the accommodation and service spaces on board a ship will put many 
passengers at immediate risk. The following chapter describes the suggested fire safety 
approach made at the DESSO ROPAX for these spaces. 
 
The first and foremost objective has been to improve the fire characteristics of 
combustibles as compared to the present regulatory requirements. All bedding material 
and all electrical cables fulfil requirements in excess of present requirements. 
 
The means for escape has been improved through a simplistic lay-out of the cabin and 
corridors and all stairways lead directly to the internal assembly stations at the deck 
above the accommodation spaces. These spaces are considered ‘safe areas’ and can safely 
accommodate all the persons onboard to protect them from hazards to life or health and 
provide them with basic services. 
 
The active fire protection systems, i.e. the fixed fire detection and fire suppression 
systems have been enhanced through improvements to design, performance, reliability 
and redundancy. 
 
The use of an active smoke control system in the spaces will limit the spread of smoke 
and improve the possibilities for manual fire fighting. 
 
2.2 Furniture and furnishings 
 
2.2.1 Wall and ceiling linings 
 
Today’s wall and ceiling surface linings consist of very thin, of the order of 50 to 
150 µm, coatings. These coatings meet high standards for interior finishes, exhibiting 
good appearance (many different colours and printed patterns, are available), scratch 
resistance, reparability, etc. The film is bonded at high temperature to the top surface of 
the sheet steel. These coatings have good fire characteristics, well exceeding the present 
regulatory requirements due to the limited amount of combustibles. 
 
However, concerns about the toxicity of PVC have prompted the development of several 
PVC-free alternatives from different manufacturers. These coatings are typically made 
from HMP or PET film. 
 
For the DESSO ROPAX, PVC-free coatings will be used. In all other aspects the wall and 
ceiling linings will comply with the present regulatory requirements. 
 
2.2.2 Floor coverings 
 
The fire restrictions of floor coverings and primary deck coverings are specified in the 
FTP code. Approved material will not easily ignite or spread a fire. Neither will they give 
rise to smoke or toxic hazard at elevated temperature. The DESSO ROPAX floor 
coverings and primary deck coverings will comply with the present regulatory 
requirements. 
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2.2.3 Bedding components and upholstered furniture 
 
For a passenger or crew cabin the mattress and the bedding components probably 
constitute the highest fire load of all items inside the cabin. It is therefore important that 
these components have as high resistance to ignition and flame spread as possible. 
 
The fire tests described in Appendix C of this report indicate that compliance with the 
present regulatory requirements is not a guarantee that mattresses will not burn severely 
when ignited with a larger fire ignition source. 
 
For the DESSO ROPAX “fire-resistant” mattresses are chosen, mattress that fulfill the 
requirements of SS 876 00 10, “Health care textiles - Fire requirements - Extra high 
resistance to ignition of mattresses intended for special purposes” [7] and therefore 
provide high protection against arson and decreased risk of rapid fire development in the 
cabins. 
 
2.3 Electrical cables 
 
There is limited information in SOLAS on the fire performance of electrical cables. Some 
requirements exist for cables in cargo spaces that can store dangerous goods but this is 
mainly protection against ignition. 
 
Onboard a ship, many kilometres of cables are installed, from large power lines to small 
communication wires for all kinds of signals. There is always a risk of a fire starting in 
cables due to electrical shortage but the cables themselves also constitute a significant 
risk in case of fire, due to their high energy content (plastic) and the potency of creating 
large amounts of smoke while burning. They also represent a risk of fire spread through 
penetrations in main vertical fire zones.  
 
Recently a proposal with new fire safety requirements for electrical cables in buildings 
was accepted by the European Commission (EN50399-1, FIPEC20 Scenario 1 or 2). The 
system is yet to be finally implemented in the CPD regulations (Constructions Products 
Directive) but this will happen during 2006. The cables on board DESSO ROPAX should 
follow the requirements according to this system and comply with at least Euroclass CCA-
s1-d0. This means that the cables will not easily spread a fire themselves and the amount 
of smoke produced will be limited. 
 
Concerning smoke toxicity the requirements are not set at this moment but if this demand 
is introduced in the CPD the DESSO ROPAX cables should comply with the highest 
class. 
 
2.4 Fire detection and alarm 
 
2.4.1 Fixed fire detection system 
 
In addition to the requirements set out in SOLAS Chapter 2-II and in Chapter 9 of the 
FSS Code, the following measures have been taken on the DESSO ROPAX: 
 
• Dual function / combination detectors are used throughout the accommodation and 

service spaces. These detectors detect both smoke and heat. In case of maintenance or 
other operations, which cause smoke or similar disturbances, disconnection of 
detectors might be desired. In such cases it is possible to temporarily disconnect the 
smoke detection function (only), leaving the heat detection active. The combination 
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of smoke / heat sensors in the same combi-detectors is also used to automatically 
make the smoke sensing part of the detector more sensitive in case there is a 
temperature increase. The purpose of combining sensors in this way is to enhance the 
detection performance or its resistance to certain types of phenomena likely to cause a 
false alarm or both.  
 

• Each detector is constantly adjusting its fire alarm / pre-alarm limit in relation to the 
surrounding environment. This ensures fast response for actual fires combined with 
high immunity to un-wanted alarms. 
 

• The system is of a type capable of remotely and individually identifying each 
detector, i.e. an analogue, addressable system1. This will reduce the time necessary to 
identify the location of the fire. 
 

• The system is designed as a “hot-standby” distributed system. In line with the safe 
areas concept, each distributed central covers one Main Vertical Zone. All distributed 
centrals are constantly updated with all information of the complete system. Should 
one distributed central be malfunction another central automatically takes over its 
tasks. 
 

• Buzzers are installed inside each passenger and crew cabin, which emit an audible 
alarm2 in the space. This will provide a very early warning for people in direct danger 
of exposure to a fire. Passenger cabins intended for disabled people are additionally 
fitted with flashlights. 
 

The fire detection system integrates with the supervision and control of fire doors, fire 
dampers, fans, the sprinkler systems, etc and the status of all functions is presented 
graphically at the navigation bridge. 
 
2.4.2 Manually operated call points 
 
Manually operated call points (i.e. alarm press buttons) complying with the FSS Code 
shall be installed throughout the accommodation spaces, service spaces and control 
stations. One manually operated call point shall be located at each exit. Manually 
operated call points shall be readily accessible in the corridors of each deck such that no 
part of the corridor is more than 20 m from a manually operated call point. 
 
2.4.3 Notification of crew and passengers 
 
To notify the crew and passengers of a fire for safe evacuation a general emergency alarm 
and public address system shall be provided as per the regulatory SOLAS requirements. 

                                                      
1 Analogue, addressable systems fire detection systems are, although not required in the present 
regulatory requirements, common practice on board modern ships. 
 
2 About one-third of people over the age 70 have some form of hearing impairment and only 34% 
of those with hearing difficulties use hearing aids. Research shows that the frequency of 
residential smoke alarm horns typically range from 3,5 to 4 kHz, which is the same range in which 
older adults experience greater hearing loss. Lowering the frequency of an alarm horn, for 
example below 2 kHz, may make the sound audible for a much larger percentage of older adults. 
This is supported by research, including one study, which showed an improved performance in 
detection and localisation of an alarm sound if the sound decreased from 4 to 5 kHz and had a fast 
modulation rate. Source: “Setting the tone”, Fire Prevention & Fire Engineers Journal, March 
2005, pp. 30 - 32. 
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A public address system or other effective means of communication shall be available 
throughout the accommodation and service spaces, controls stations and open decks. 
 
It is essential that the fire alarm and communications systems provide continuous, reliable 
and accurate information on life safety conditions. 
 
2.5 Control of smoke spread 
 
2.5.1 General 
 
In addition to the regulatory SOLAS requirements the DESSO ROPAX should be 
designed to meet the guidelines for smoke control and ventilation systems for internal 
assembly stations and atriums contained in MSC/Circ. 1034. However, it is considered 
important that all accommodation and service spaces on the DESSO ROPAX have 
passive and active smoke control systems beyond the present regulatory requirements. 
 
Passive smoke control implies the utilization of built-in barriers within the ship, as 
stipulated in SOLAS, such as fire resistant divisions at the main vertical zones, fire doors, 
draught stops and fire dampers in order to enclose the fire area and prevent smoke from 
spreading. 
 
Active smoke control implies the utilization of mechanically created pressure differentials 
and flows between smoke control zones in order to prevent smoke from spreading as well 
as to remove smoke from the ship by extraction.  
 
2.5.2 Passive smoke control 
 
Each group of passenger cabins contains three parallel and separate corridors. The 
separation of the corridors will limit the number of cabins directly affected by smoke and 
toxic gases in case of fire. 
 
The stairways lead directly to the internal assembly stations at the deck above the 
accommodation spaces. 
 
The accommodation spaces for the crew are design in a similar manner. Each group of 
crew cabins contains two parallel and separate corridors. 
 
2.5.3 Active smoke control 
 
2.5.3.1 Active smoke control for the accommodation spaces 
 
The philosophy for the active smoke control system [8, 9, 10] for the passenger 
accommodation spaces is that smoke should be extracted from the escape routes, i.e. the 
corridors, in order to keep them sufficiently free from smoke and toxic gases. Stairway 
enclosures and surrounding areas should be kept under overpressure by the ventilation 
supply air system in order to prevent smoke from spreading to these areas. 
 
This philosophy, which is illustrated in figure 1, will improve the possibilities for safe 
evacuation of the passengers and allow for manual fire-fighting. Note that this system 
assumes that the fire is controlled within a rather short time, it is not intended to work for 
uncontrolled fires over a longer period of time. 
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Figure 1 The philosophy of the active smoke control system for the accommodation 

spaces is that smoke should be extracted from the escape routes, i.e. the 
corridors. Stairway enclosures and surrounding areas should be kept under 
overpressure by the ventilation supply air system in order to prevent smoke 
from spreading to these areas. 

 
The extraction of smoke from the corridors should be made by a dedicated ventilation 
system. The system is made relatively simple with a single, vertical ventilation shaft 
serving accommodation spaces on each of the decks. For every deck, a horizontal duct 
with a fire damper is connected to the shaft. Alternative arrangements are possible using 
separate ducts for each deck in order to avoid a complicated fire damper control system. 
Under normal conditions, all fire dampers are closed and the smoke extraction fan(s) are 
off. During fire conditions, the fire damper at the correct deck level is opened and the 
fan(s) are started. The ventilation system would only serve one main vertical zone, which 
would make any unwanted smoke spread to other fire zones impossible. 
 
The exhausts are placed at the ceiling in order to have the best effect, since hot gases are 
concentrated at the ceiling. In addition, a high placement decreases the amount of fresh 
air that is extracted. 
 
For the provision of replacement air and over-pressurization, the staircases at the ends of 
the corridor should be over-pressurized to allow sufficient inflow through the door 
openings. In addition, the ordinary HVAC system ducts and fans should be used to 
provide replacement air for the area where the smoke extraction system is started. Air is 
distributed through both the supply and the exhaust ducts. This is also the technique used 
for the over-pressurization of the adjacent spaces.  
 
The actuation of the smoke control system should be made automatically, with the 
possibility for manual actuation, if considered necessary. The fixed fire detection system 
as described under Chapter 2.4.1 will assure the actuation of the system when smoke is 
detected in the corridors. 
 
Fans and motors for the smoke extraction system should be designed for their purpose 
and fulfil the requirements of for example EN 12101-3, “Smoke and heat control systems 
- Part 3: Specification for powered smoke and heat exhaust ventilators”. Positioning of 
the fans should be made to minimise the risk of smoke entering the fresh air intakes or 
assembly stations on deck 6. Starboard/port redundancy using duplicated fans is 
recommended. 
 
The accommodation spaces for the crew are not fitted with an active smoke control 
system. 
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The proposals made in this chapter should be more thoroughly evaluated before being 
directly applied in practice. A case study simulation is presented in Appendix D. 
 
2.5.3.2 Active smoke control for public spaces and service spaces 
 
The active smoke control system for the public and service spaces are designed similarly 
to the system for the accommodation spaces, as described above. 
 
2.5.3.3 Active smoke control for internal assembly stations 
 
The active smoke control system for the internal assembly spaces is designed in 
accordance with the guidelines in MSC/Circ. 1034. The intention of the guidelines is to 
prevent smoke from entering the space and to maintain a positive pressure relative to the 
surrounding spaces. It should be verified that the positive pressure does not impair the 
operation of the escape doors. 
 
Intakes for fresh-air should be doubled and positioned low so that any side of the ship can 
be selected depending on the wind direction, to prevent smoke from entering the fresh-air 
system. 
 
The active smoke control and the ventilation system should be manually operated only. 
The control panel should be located in a central control station. 
 
2.6 Fixed fire fighting system 
 
2.6.1 General 
 
The accommodation and service spaces on board the DESSO ROPAX will be protected 
by a high-pressure water mist system. The basic philosophy is that all spaces on the ship, 
the accommodation and service spaces, the machinery spaces and the ro-ro cargo decks 
are protected with the same type system. This will facilitate the installation and it 
provides the possibility to use the same water supply for the overall ship. 
 
Spaces containing flammable liquids, such as paint lockers, will be protected with the 
same high-pressure water mist system protecting the rest of the ship. The system shall be 
operable from outside of the protected space. 
 
Deep-fat cooking equipment shall be fitted with an automatic or manual fire-
extinguishing system tested to the international standard ISO 15371:2000, have a primary 
and back-up thermostat to alert the operator in the event of failure of either thermostat 
and arrangements for automatically shutting down electrical power upon the activation of 
the fire-extinguishing system. Even these hazards are protected by the main high-pressure 
water mist system. 
 
Ventilation ducts from the laundry and from the galley have nozzles, activated from heat 
detectors inside the duct. 
 
2.6.2 The sectioning of the system 
 
Each deck is divided into three sections, corresponding to the main vertical zones. The 
two rear sections on each deck include the accommodation area and staircase, the front 
sections only the accommodation and service areas. 
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2.6.3 Nozzle coverage areas and water discharge densities 
 
The nozzle coverage areas and water discharge densities for high-pressure water mist 
systems; and other type systems considered as ‘equivalent’ to traditional sprinkler 
systems, are determined using the fire test procedures in IMO Resolution A.800(19). 
 
The nozzle coverage areas and water discharge densities may therefore vary with the 
make of the system, and, in addition, the nozzle coverage areas and water discharge 
densities will vary with the hazard, i.e. the type of space. For example, storage spaces will 
require less nozzle coverage areas and higher water discharge densities compared to 
accommodation areas. 
 
For accommodation and service spaces, the system should be designed for an area of 
operation corresponding to 280 m2. 
 
Table 1 provides a summary of the maximum nozzle coverage areas, the water discharge 
densities and the associated nominal total water flow rate for the DESSO ROPAX. 
 
Table 1 The maximum nozzle coverage areas, water discharge densities and 

associated nominal total water flow rate for the accommodation and service 
spaces on board the DESSO ROPAX. 

 
Deck Space Maximum 

nozzle coverage 
area [m2] 

Nominal water 
discharge density 

[mm/min] 

Nominal total 
water flow rate* 

[L/min] 
4 Passenger accommodation 

spaces, including stairwells 
12 2 670 

 Passenger seating areas, 
including cafeteria 

12 2 670 

 Laundry and store areas 9 3 1010 
5 Passenger accommodation 

spaces, including stairwells 
12 2 670 

 Officer and crew mess 12 2 670 
 Galley 9 3 1010 

6 Restaurants, cinema and 
other public spaces 

12 2 670 

 Shops 9 3 1010 
7 Crew accommodation and 

navigation bridge 
12 2 670 

*)  The nominal total water flow rate was calculated as the [nominal water discharge density] × 
[280 m2 operating area] × 1,2. The factor 1,2 represents the increase in total water flow rate, 
from the theoretical minimum, as nozzles usually are installed closer than their maximum 
nozzle coverage area and due to hydraulic imbalances in the piping system. 

 
From Table 1 it can be determined that the design water flow rate for the accommodation 
and service spaces equals 1010 L/min. 
 
2.6.4 The pump units and the water supply 
 
The high-pressure system used for the ship has two redundant high-pressure pump units, 
each having 100% capacity, i.e. 2 x 100% capacity. Each pump unit consists of multiple 
pumps, driven by several electrical motors. Any failure of a single pump or a single 
electrical motor is therefore not detrimental to the function of the pump unit. 
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The pump units are located on Deck 0, in separate rooms, positioned on opposite sides of 
the ships. Each pump unit is connected to two separate fresh water tanks, with a 
possibility to switch over from one tank to the other. 
 
2.6.5 Improvements beyond the present regulatory 

requirements 
 
The system will comply with the installation guidelines, component tests and fire test 
procedures in IMO Resolution A.800(19). The installation requirements for such 
equivalent systems are in principle identical with the requirements in Chapter 8 of the 
FSS Code. However, the following improvements are made: 
 
• It is required in the present resolution that the water supply shall equal a discharge 

duration time of at least 30 minutes. However, for the DESSO ROPAX, the discharge 
time (using fresh water) has been extended to 60 minutes. After this time the usual 
switch over to the sea water inlet is possible. 
 

• The high-pressure pump unit is started upon a signal from the fire detection system, 
in order to have the system fully pressurised at the activation of the first sprinkler. In 
addition, it should be possible to manually start the high-pressure pump unit from the 
navigation bridge, if considered necessary. 
 

• SOLAS Chapter II-2, regulation 10 allow that spaces having little or no fire risk, such 
as voids, public toilets, carbon dioxide rooms and similar spaces not to be fitted with 
sprinklers. However, in order to improve the level of fire safety, all such spaces on 
board the DESSO ROPAX are fitted with automatic nozzles. 
 

• For the navigation bridge, where water may cause damage to essential equipment, a 
pre-action3 type system will be used. 

 
2.7 Fire mains and hydrants 
 
The number, position and capacity of hydrants shall fulfill the present regulatory 
requirements; however, the hydrants shall be of the automatic fire hose reel type with 
33 mm semi-rigid hose. The fire hose reels should be positioned inside cabinets where the 
doors should open approximately 180° to allow the hose to run freely in any direction. 
 
The fire pumps should be started upon a signal from the fire detection system, in order to 
have the fire mains fully pressurised up to the inlet stop valve of the fire hose reels. In 
addition, it should be possible to manually start the fire pumps from the navigation 
bridge. 
 
The benefit of the suggested solution is that it will reduce the time to tackle a fire. 
 
2.8 Means of escape 
 

                                                      
3 A pre-action water mist system is defined as “A water mist system using automatic nozzles 
attached to a piping system that contain air that might or might not be under pressure, with a 
supplemental detection system installed in the same areas as the mist nozzles. The actuation of the 
detection systems opens a valve that allows water to flow into the piping system and discharges  
through all opened nozzles in the system” in the 2003 edition of NFPA 750, Standard on Water 
Mist Fire Protection Systems. 
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2.8.1 Introduction 
 
The intention is that the DESSO ROPAX should fulfil all the present regulatory 
requirements related to means of escape. However, no evacuation analyses as per the 
interim guidelines for evacuation analyses given MSC/Circ. 1033 have been conducted. 
Currently, the revision of MSC/Circ. 1033 is under discussion within IMO [11, 12]. 
 
2.8.2 The lay-out of the cabins and corridors 
 
For the DESSO ROPAX, the lay-out of the cabins and corridors on the decks that contain 
the accommodation area has been optimised in order to simplify the orientation for the 
passengers and to provide easy access to the stairways positioned at the end of each 
corridor. Each group of passenger cabins contains three parallel and separate corridors. 
The separation of the corridors will limit the number of cabins directly affected by smoke 
and toxic gases in case of fire. 
 

 
Figure 2 The principle lay-out of the cabins and corridors. 
 
The stairways lead directly to the internal assembly stations at the deck above the 
accommodation spaces. 
 
2.8.3 The width of the stairways 
 
The widths of the stairways were dimensioned in accordance with the requirements in 
Chapter 13 of the FSS Code. The basic requirement is that the stairways shall not be less 
than 900 mm in clear width and increased by 10 mm for every one person provided for in 
excess of 90 persons. 
 
The total number of persons to be evacuated from the stairways shall be assumed to be 
two-thirds of the crew and the total number of passengers in the area served by the 
stairways. 
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Table 2 summarizes the estimated number of passengers and crew members on decks 4 
and 5, in each of the main vertical zones on the deck, respectively. 
 
Table 2 The estimated number of passengers and crew members on decks 4 and 5, in 

each of the main vertical zones on the deck, respectively. 
 
Deck Space Number of passengers Crew Sum 

4 Accommodation space 46 cabins × 4 pax. = 184 -- 184 
 Accommodation space 68 cabins × 4 pax. = 272 -- 272 
 Pullman seating area 

and service spaces 
Approx. 500 20 520 

  956 passengers 20 crew members 976 
     

5 Accommodation space 46 cabins × 4 pax. = 184 -- 184 
 Accommodation space 68 cabins × 4 pax. = 272 -- 272 
 Accommodation space, 

crew area and galley 
32 cabins × 4 pax. = 128 40 168 

  584 passengers 40 crew members 624 
 
The calculation of the stairway width shall be based upon crew and passenger load on 
each deck. The width of the stairways shall allow a timely flow of person evacuating 
from the decks below to the assembly stations on deck 6. For the DESSO ROPAX, the 
design of the width of the stairways is based on the situation that persons from two decks 
are using the stairways to reach the assembly stations. 
 
The width of the stairways, when joining two decks shall be calculated using the 
following formula: W = (N1 + N2) × 10 mm. 
 
Where, 
 
W =  The required tread width between handrails of the stairway. 
N =  The total number of persons expected to use the stairway from each consecutive 

deck under consideration; N1 is from the deck with the largest number of persons 
using the stairway; N2 is taken from the deck with the next highest number of 
persons directly entering the stairway flow. 
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2.9 Containment of fire 
 
2.9.1 General 
 
In order to contain a fire in the space of origin, SOLAS Chapter II-2, regulation 9 
specifies that the following three functional requirements shall be met: 
 
1. the ship shall be subdivided by thermal and structural boundaries; 
2. thermal insulation of the boundaries shall have due regard to the fire risk of the space 

and adjacent spaces; and 
3. the fire integrity of the division shall be maintained at openings and penetrations. 
 
2.9.2 Main vertical zones and horizontal zones 
 
As per the present regulatory requirements. 
 
2.9.3 Bulkheads within a main vertical zone 
 
As per the present regulatory requirements. 
 
2.10 Ventilation system 
 
The ventilation system for the accommodation and service spaces should be designed as 
per the present regulatory requirements. However, an active smoke control system as 
described under Chapter 2.5 should be provided. 
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3 Machinery spaces 
 
3.1 Introduction 
 
About two-thirds of all fires on board ships start in the machinery space according to Det 
Norske Veritas (DNV). An estimation [13] made by DNV indicates that the direct cost for 
a fire is in the order of 1 - 4 million USD for a cargo vessel - and much more for a 
passenger vessel. 
 
Statistics [14] from The Swedish Club from 1995 – 2004 reports 67 fires on board ships. 
Although few, they are very costly, amounting to 12% of the total damage cost for the 
period. The statistics indicate that almost half of all fires start in the engine room, but the 
share of the total cost is 67%. The average cost of the fires was 1 million USD. 
 
Clearly, a fire in the machinery space also represents a hazard for the crew members and 
fire fighters and may lead to a situation where passengers need to be evacuated from the 
vessel. 
 
For the DESSO ROPAX, a number of measures have been taken to improve the fire 
safety of the machinery spaces. First and foremost the fact that separate machinery space 
compartments are used represents an improvement. 
 
Several different fire detection techniques are used in the machinery spaces, with the 
intention to detect a fire at an early stage, in a reliable fashion. The choice of fire 
detection techniques allows rapid detection of both flaming fires (flammable liquid spray 
fire or spill fires) and smouldering fires. 
 
The high-pressure water mist system protecting the machinery space compartments 
activates automatically upon fire and a foam additive, of a film-forming type, should be 
mixed with the water using a foam proportioner, in certain sections of the system. The use 
of a foam additive enhances the performance on, e.g., flammable liquid fires. 
 
3.2 The lay-out and position of the machinery space 

compartments 
 
The DESSO ROPAX is equipped with four main diesel engines located inside four 
separate compartments, two compartments on each side of the ship. However, the two 
fore compartments are in open connection due to cross-flooding reasons. 
 
3.3 Preventing fire from occurring 
 
Measures in accordance with the present regulatory requirements should be taken.  
 
3.4 Fire detection and alarm 
 
SOLAS Chapter II-2, regulation 7.4 requires fire detectors to be positioned as to detect a 
fire rapidly. Smoke, heat and flame detectors are positioned so that they rapidly detect 
any fire in any part of the engine room spaces under any normal condition of operation of 
the machinery and variations of ventilation as required by the possible range of ambient 
temperatures. The use of only thermal detectors is not allowed. The detection system 
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initiates audible and visual alarms in the main central panel on the navigation bridge. The 
alarm shall also sound in all distributed central panels as well as in repeater panels in the 
engine control room. 
 
Additional flame detectors4 are positioned above the top parts of the main engines.  
 
The engine rooms are also supervised using standard closed-circuit television (CCTV). 
The video images are analysed using video smoke detection (VSD)5 technology to 
automatically identify the presence of smoke in the engine room. 
 
The activation of the fixed high-pressure water mist system installed in the machinery 
spaces is described under the section “Fixed fire fighting systems and equipment”. 
 
3.5 Control of smoke spread 
 
SOLAS Chapter II-2, regulation 8 requires that Machinery spaces of category A shall 
have suitable arrangements to permit the release of smoke, in the event of fire. The 
normal ventilation system may be acceptable for this purpose. 
 
Means of control shall be located outside the space. For passenger ships, the controls 
shall be positioned at one control position or grouped in as few positions as possible. 
Such positions shall have a safe access from the open deck. 
 
For control stations outside machinery spaces, practical measures shall be taken to ensure 
that the ventilation, visibility and freedom from smoke is maintained so that, in the event 
of fire, the machinery and equipment contained therein may be supervised and continue 
to function effectively. 
 
The approach taken on the DESSO ROPAX is that the present regulatory requirements 
should be fulfilled. 
 
3.6 Fixed fire fighting system 
 
3.6.1 General 
 
Traditionally, Halon and Carbon Dioxide (CO2) gas extinguishing systems are those most 
commonly used in machinery spaces. With the phase-out of Halon and the increasing 
safety concerns regarding the use of CO2, the need for alternative extinguishing agents 
has emerged. The developments during the 1990s have shown that water mist has the 

                                                      
4 Flame detectors are designed to detect either the ultraviolet (UV) or infra-red (IR) radiation 
emitted by a fire and these types of detector can detect even gas fires which are not visible to the 
naked eye. They are effective in protecting areas where open flaming fires may be expected or 
where detection needs to be unaffected by air currents and tolerant of fumes, vapors and dust. 
 
5 Video smoke detection (VSD) technology was developed in the late 1990s and is a camera based 
fire detection system. Video images from standard closed-circuit television (CCTV) cameras are 
continuously analysed using advanced image processing technology and extensive detection and 
known false-alarm phenomena algorithms. The technology is able to identify the particular motion 
pattern of smoke and does not rely on the proximity of smoke to the detector. The effectiveness is 
therefore not affected by distance and can accurately detect smoke patterns and differentiate 
between them and other movement patterns. Source: “Picture perfect”, Fire Prevention & Fire 
Engineers Journal, October 2005, p. 50. 
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potential to replace, or to provide an alternative to, traditional fire protection systems. 
Water has many advantages as a fire extinguishant; it is inexpensive, non-toxic, and safe 
for personnel and does not represent a risk to the external environment. 
 
3.6.2 The sectioning of the system 
 
Each of the four main machinery spaces are protected by a system divided into three 
sections: 
 
Section 1:  One level of nozzles in the bilge area and one level of nozzles at mid-height 

of the machinery space compartment6. A foam additive of a film-forming 
type should be mixed to the water using a foam proportioner to this section of 
the system. The use of a foam additive enhances the performance on 
flammable liquid fires. The foam supply should be sufficient for a 15-minute 
duration time. 

Section 2:  One level of nozzles above the top of the engine7. 
Section 3: Multiple levels of nozzle throughout the casing8. 
 
Note: For passenger ships of 500 gross tonnage and above, and cargo ships of 2000 gross 
tonnage and above, Machinery spaces of category A, in excess of 500 m3, shall, in 
addition to the ‘total flooding system’, be protected by an approved type of water-based 
or equivalent local application fire-extinguishing system. Section 2 of the system will 
address this regulatory requirement. The activation of the local application fire-
extinguishing system should not require the engine shutdown, closing of fuel tank outlet 
valves, evacuation of personnel and sealing of the space. 
 
Section valves for the entire system are positioned directly outside the machinery spaces 
and additional activation buttons are positioned inside the space, close to the emergency 
exit, as per the present regulatory requirements. These measures will provide means for 
manual activation of the system by crew member inside and directly outside the protected 
space. 
 
Additional system activations buttons and system control panels are positioned on the 
navigation bridge and at the onboard safety centre(s). Note: The DESSO ROPAX has no 
“engine control room” at Deck 1; engine control is featured at the navigation bridge. 
 
Means for automatic activation of the system is provided, upon signal from two 
independent fire detectors inside the space. Prior to the activation of the entire system, the 
engine is shutdown, all outlet valves for fuel, and other flammable liquids, are 
automatically closed, ventilation dampers are closed and fans are stopped. 

                                                      
6 Section 1 provides protection against fires in flammable liquid pool fires on and under the bilge 
plates of the machinery space compartment. 
 
7 Section 2 provides protection against flammable liquid spray fires, or similar fires, originating 
from pressurised flammable liquids igniting on hot surfaces on and around the engine. 
 
8 Section 3 provides protection against fire spreading up the casing. 
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3.6.3 Other protected spaces on decks 0 and 1 
 
In addition to the protection of the main machinery spaces, the following spaces on 
decks 0 and 1 are provided with an automatic fire-fighting system (deluge type system or 
individually activated glass bulb nozzles, as indicated): 
 
1) Purifier rooms (deluge type system), 
2) Boiler rooms (deluge type system), 
3) Workshops9 (automatic nozzles), 
4) Bow thrusters and pump rooms (deluge type system), 
5) Steering gears (automatic nozzles), and, 
6) Auxiliary spaces (automatic nozzles). 
 
3.6.4 The pump units and the water supply 
 
Refer to chapter 2.6.4. 

                                                      
9 Additional nozzles are positioned above the area used for Hot Work. 
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4 Ro-ro cargo spaces 
 
4.1 Introduction 
 
Fires on ro-ro cargo decks are rare and, historically, have not represented a major risk for 
passenger and crew. However, the property loss can be large if the fire is not manually 
extinguished or if the fixed fire-fighting system fails to control the fire. There are cases 
where a fire has spread throughout the ship [15]. 
 
The ro-ro cargo spaces on the DESSO ROPAX are considered “special category spaces”, 
i.e. enclosed spaces on a deck intended for the carriage of motor vehicles with fuel in 
their tanks for their own propulsion and to which the passengers have access. Therefore, 
SOLAS Chapter II-2, Regulation 20 requires that the deck shall be protected with an 
approved deluge type sprinkler system. Other types of fixed fire-fighting systems are in 
principle not allowed, due to the safety concerns for the passengers. 
 
The main improvement on the DESSO ROPAX has been made by sub-dividing the ro-ro 
cargo spaces into smaller volumes by active fire-resistant smoke and fire barriers 
(traditionally known as fire curtains). These fire barriers are shut upon completion of 
loading and open during loading and unloading of the deck. Furthermore, the fire 
resistance between the individual ro-ro cargo decks and the ro-ro deck and the division 
between the upper ro-ro deck and the accommodation spaces above this deck has been 
improved. 
 
In addition, it is possible to remotely close the aft port and the internal hoistable ramps in 
case of fire. The reason for the measures described above is to limit the availability of air 
to a fire and thereby reduce its size. 
 
The active fire protection systems, i.e. the fixed fire detection and fire suppression 
systems, have been enhanced through improvements to design, performance, reliability 
and redundancy. The high-pressure water mist system is automatic and the pump capacity 
is sufficient to activate all the nozzles within the sub-divisions. 
 
4.2 Fire detection and alarm 
 
4.2.1 Fixed fire detection system 
 
4.2.1.1 Detection of gas 
 
The ro-ro decks are fitted with a fixed installed sequential gas sampling system in order to 
detect fumes from gasoline or diesel oil leaking from the vehicles on the deck. 
 
4.2.1.2 Detection of fire 
 
The ro-ro decks are fitted with an analogue addressable fire detection system using dual 
function / combination detectors. These detectors combine detection of smoke and heat. 
During loading or unloading or in case of maintenance or other operations, disconnection 
of part of the system may be desired. The smoke detection (only) function can, in such a 
case, be temporarily disconnected by means of a timer or by programming the central 
panel. 
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Each detector will cover a maximum area of 25 m2, i.e. significantly less than the 
prescribed 37 m2 (heat detectors) and 74 m2 (smoke detectors). Detectors are installed 
with respect to the beams at the ceiling of each deck. The detectors are of normal IP55 
type and to comply with SOLAS for enclosed ro-ro cargo space for carrying vehicles with 
fuel for their own propulsion the ventilation will ensure that at least 10 air changes per 
hour are made. 
 
The activation of the fixed high-pressure water mist system installed on the ro-ro decks 
are described under section 4.3. 
 
4.2.2 Manually operated call points 
 
Manually operated call points are spaced so that no part of the space is more than 20 m 
from the manually operated call point, and one shall be placed close to each exit from 
such space, i.e. in accordance with the present regulatory requirements. 
 
4.2.3 Fire patrols 
 
As per the present regulatory requirements. 
 
4.3 Fixed fire fighting system 
 
4.3.1 General 
 
The principle of the DESSO ROPAX is to use the same type system throughout the ship. 
The ro-ro decks will therefore be protected by a high-pressure water mist system. 
 
4.3.2 The sectioning of the system 
 
The system will be designed as a deluge type system, i.e. divided into sections where all 
nozzles within the section distribute water simultaneously. Each section correlates with 
the sub-division of the decks, respectively (see below). 
 
4.3.3 Nozzle coverage areas and water discharge densities 
 
Each nozzle cover a maximum area of 12 m2 and the water discharge density equal 
2,0 mm/min. The associated nominal total water flow rate for the ro-ro cargo spaces 
correlates with the sub-division of the decks, respectively.  
 
Table 2 provides a summary of the maximum nozzle coverage areas, the water discharge 
densities and the associated nominal total water flow rate for the DESSO ROPAX. 
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Table 2 The size of the deluge sections, water discharge densities and associated 

nominal total water flow rate for the ro-ro cargo spaces on board the 
DESSO ROPAX. 

 
Deck Space Size of section [m2] Nominal water 

discharge density 
[mm/min] 

Nominal total 
water flow rate* 

[L/min] 
1 Lower hold (whole area) 1260 2,0 3020 
2 Deck 2 

(divided into three areas) 
Rear section: 1550 
Mid-section: 1400 
Front section: 820 

2,0 3720 
3360 
1970 

3 Deck 3 
(divided into three areas) 

Rear section: 1550 
Mid-section: 1400 
Front section: 1450 

2,0 3720 
3360 
3480 

*)  The nominal total water flow rate was calculated as the [nominal water discharge density] × 
[section area] × 1,2. The factor 1,2 represents the increase in total water flow rate, from the 
theoretical minimum, as nozzles usually are installed closer than their maximum nozzle 
coverage area and due to hydraulic imbalances in the piping system. 

 
From Table 2 it can be determined that the design water flow rate for the ro-ro cargo 
spaces equals 3720 L/min. This is approximately 2/3 of the nominal total water flow rate 
used with a traditional deluge water spray system designed and installed in accordance 
with IMO Resolution A.123(V). 
 
4.3.4 Improvements beyond the present regulatory 

requirements 
 
The system shall have the possibilities to be both automatically or manually operated at 
any time: 
 
• The system is automatically activated upon the detection of heat from a fire with a 

least two detectors within the section. The high-pressure pump unit is started upon a 
pre-alarm from the fire detection system, in order to have the system fully pressurised 
up to the section valve(s) minimize the delay time from automatic activation until 
water is discharged through the nozzles. 
 

• The system is also possible to manually activate from any of the section valves or 
from the navigation bridge. The section valves for the system should be situated in an 
easy accessible position adjacent to, but outside the protected space. 
 

• The system is always fully pressurised up to the section valve(s) during loading and 
unloading to minimize the delay time from automatic or manual activation until water 
is discharged through the nozzles. 
 

• A foam additive of a film-forming type should be mixed to the water using a foam 
proportioner. The use of a foam additive enhances the performance on flammable 
liquid fires and fires in unexpanded plastics. The foam supply should be sufficient for 
a 15-minute duration time. 
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4.3.5 The pump units and the water supply 
 
Refer to chapter 2.6.4. 
 
4.4 Improving the fire resistance of decks and 

bulkheads 
 
4.4.1 Sub-division of each of the ro-ro decks 
 
The ro-ro decks on Deck 2 (the main deck) and Deck 3 is subdivided by active fire-
resistant smoke and fire barriers (traditionally known as curtains) into smaller volumes. 
The volume of Deck 1 is lesser and this deck is therefore not sub-divided. The barriers10 
are moved into their fire operational position during loading and opened during unloading 
of the decks. 
 
In addition, it should be possible to remotely close the aft port and the internal hoistable 
ramps in case of fire. The reason for the measures described above is to limit the 
availability of air to a fire. 
 
4.4.2 Improving the fire resistance between the individual 

ro-ro decks and adjacent spaces 
 
Except for the cases where a category (5)11, (9)12 or (10)13 space is on one side of the 
division, “A-60” class divisions are required to be used. 
 
For the DESSO ROPAX, the following divisions should be used: 
 
• “A-90” class division between Deck 3 and Deck 4 (the division between the upper ro-

ro deck and the accommodation spaces above this deck). 
 

•  “A-60” class divisions between the individual ro-ro cargo decks. 
 

•  “A-60” class divisions (bulkheads) between the ro-ro decks and adjacent spaces. 
 
4.5 The ventilation system 
 
The ventilation system for the ro-ro deck spaces should be designed as per the present 
regulatory requirements. 

                                                      
10 There are active barriers on the market that can provide full four-hour resistance; some of these 
can even provide two-hours insulation. Width of 50 metres and drops of 12 metres, all contained 
in housing are possible. Source: ”Smoke and fire barriers”, Fire Safety Engineering, May 2005, 
pp. 28-31. 
 
11 Open deck spaces. 
 
12 Sanitary and similar spaces. 
 
13 Tanks, voids and auxiliary machinery spaces having little or no fire risk. 
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5 The safe area concept 
 
5.1 Introduction 
 
As mentioned previously, future large passenger ships should be designed for improved 
survivability so that, in the event of a casualty, passengers and crew members can stay 
safely on board as the ship proceeds to port. 
 
One important measure to achieve improved survivability is the “safe area” concept. It 
should be underscored that the “safe area” is not intended to be a single area or space 
outside the main vertical zone affected by the fire; it is, rather, any area outside the main 
vertical zone(s) in which a fire has occurred that can safely accommodate all the persons 
onboard in order to protect them from hazards to life or health and provide them with 
basic services. 
 
5.2 The safe area concept applied on the DESSO 

ROPAX 
 
The overall fire safety approach on the DESSO ROPAX is in line with the safe area 
concept; if a fire occurs, its growth and spread should be as limited as possible and the 
spread of smoke should be limited. In addition, improved means for rapid fire detection, 
manual fire-fighting and the fixed fire-fighting system is suggested. 
 
Deck 6 on the DESSO ROPAX is considered the evacuation deck, and on this deck, 
spaces are available to accommodate all the passengers in the case of an emergency and 
provide all necessary basic services. 
 
The passenger and crew survival for the DESSO ROPAX was studied in detail under 
WP.8 and is reported in [16]. 
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6 Summary and conclusions 
 
6.1 General 
 
The basics starting point of the work was that the DESSO ROPAX should fulfil all the 
prescriptive requirements given in SOLAS Chapter II-2, the FTP Code, the FSS Code and 
other relevant documents. 
 
In addition to these measures, the intention has been to minimise the growth and spread 
of fire from its point of initiation, and/or maximise the time one can survive on the 
burning ship. Such improvements has been made by an astute design and lay-out of the 
ship, judicious selection of material in order to minimise the growth and spread of fire, 
rapid fire detection and response, coupled to fire mitigation or a combination of these 
activities. It is imperative that the reliability of active fire protection measures, such as 
fire detection systems or sprinkler systems, is high. Redundancy and reliability beyond 
the present regulatory requirements has therefore been sought. 
 
The authors feel that all the suggestions and solutions presented within the report are 
realistic and achievable, probably without any dramatic impact on the overall cost of the 
ship. 
 
Given below is a summary of the fire safety approach on the DESSO ROPAX. 
 
6.2 Accommodation and service spaces 
 
Fire within the accommodation and service spaces on board a ship will put many 
passengers at immediate risk. The following chapter describes the suggested fire safety 
approach made at the DESSO ROPAX for these spaces. 
 
The first and foremost objective has been to improve the fire characteristics of 
combustibles as compared to the present regulatory requirements. All bedding material 
and all electrical cables fulfil requirements in excess of present requirements. 
 
The means for escape has been improved through a simplistic lay-out of the cabin and 
corridors and all stairways lead directly to the internal assembly stations at the deck 
above the accommodation spaces. These spaces are considered ‘safe areas’ and can safely 
accommodate all the persons onboard to protect them from hazards to life or health and 
provide them with basic services. 
 
The active fire protection systems, i.e. the fixed fire detection and fire suppression 
systems have been enhanced through improvements to design, performance, reliability 
and redundancy. 
 
The use of an active smoke control system in the spaces will limit the spread of smoke 
and improve the possibilities for manual fire fighting. 
 
6.3 Machinery spaces 
 
For the DESSO ROPAX, a number of measures have been taken to improve the fire 
safety of the machinery spaces. First and foremost the fact that separate machinery space 
compartments are used represents an improvement. 
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Several different fire detection techniques are used in the machinery spaces, with the 
intention to detect a fire at an early stage, in a reliable fashion. The choice of fire 
detection techniques allows rapid detection of both flaming fires (flammable liquid spray 
fire or spill fires) and smouldering fires. 
 
The high-pressure water mist system protecting the machinery space compartments 
activates automatically upon fire and a foam additive, of a film-forming type, should be 
mixed with the water using a foam proportioner, in certain sections of the system. The use 
of a foam additive enhances the performance on, e.g., flammable liquid fires. 
 
6.4 Ro-ro cargo spaces 
 
The ro-ro cargo spaces on the DESSO ROPAX are considered “special category spaces”, 
i.e. enclosed spaces on a deck intended for the carriage of motor vehicles with fuel in 
their tanks for their own propulsion and to which the passengers have access. Therefore, 
SOLAS Chapter II-2, Regulation 20 requires that the deck shall be protected with an 
approved deluge type sprinkler system. Other types of fixed fire-fighting systems are in 
principle not allowed, due to the safety concerns for the passengers. 
 
The main improvement on the DESSO ROPAX has been made by sub-dividing the ro-ro 
cargo spaces into smaller volumes by active fire-resistant smoke and fire barriers 
(traditionally known as fire curtains). These fire barriers are shut upon completion of 
loading and open during loading and unloading of the deck. Furthermore, the fire 
resistance between the individual ro-ro cargo decks and the ro-ro deck and the division 
between the upper ro-ro deck and the accommodation spaces above this deck has been 
improved. 
 
In addition, it is possible to remotely close the aft port and the internal hoistable ramps in 
case of fire. The reason for the measures described above is to limit the availability of air 
to a fire and thereby reduce its size. 
 
The active fire protection systems, i.e. the fixed fire detection and fire suppression 
systems, have been enhanced through improvements to design, performance, reliability 
and redundancy. The high-pressure water mist system is automatic and the pump capacity 
is sufficient to activate all the nozzles within the sub-divisions. 
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Appendix A 
 
A summary of the present SOLAS requirements 
 

1 Introduction 
 
This appendix contains a summary of the requirements in SOLAS Chapter II-2, the FTP 
Code and the FSS Code relevant for the conceptual ro-pax ship. The appendix is divided 
into three chapters, dealing with 1) accommodation and service spaces, 2) machinery 
spaces and 3) ro-ro cargo spaces. 
 

2 Accommodation and service spaces 
 
2.1 Prevention of fire growth 
 
In order to limit the potential for fire growth, SOLAS Chapter II-2, regulation 5 specifies 
that three functional requirements shall be met: 
 
1. means of control of the air supply to the space shall be provided; 
2. means for control of flammable liquids in the space shall be provided; and 
3. the use of combustible materials shall be restricted. 
 
2.1.1 Control of air supply 
 
The main inlets and outlets of all ventilation systems shall be capable of being stopped 
from outside the spaces being ventilated. The means of closing shall be easily accessible 
as well as prominently and permanently marked and shall indicate whether the shut-off is 
open or close. 
 
In passenger ships carrying more than 36 passengers, power ventilation for 
accommodation and service spaces shall be capable of being stopped from easily 
assessable positions outside the space being served. Controls shall be grouped so that all 
fans may be stopped from either of the two separate positions, which shall be situated as 
far part as practicable. 
 
2.1.2 Use of non-combustible material 
 
The use of non-combustible materials shall follow SOLAS Chapter II-2, regulation 5. 
Non-combustible material is defined as material, which neither burns nor gives off 
flammable vapours in sufficient quantity for self-ignition when heated to approximately 
750°C. The definition of non-combustible material is defined in the FTP Code Annex 1, 
Part 1.  
 
In general all insulating materials, ceilings and linings shall be of non-combustible 
material in spaces with passenger access. Exceptions are cargo spaces, baggage rooms 
and refrigerated compartments of service spaces. 
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2.1.3 Use of combustible material 
 
The use of combustible materials shall follow SOLAS Chapter II-2, regulation 5. Where 
use of combustible materials is allowed they shall in most places have low flame-spread 
characteristics as defined in FTP Code Annex 1, part 5. This means that the material is 
tested for horizontal flame spread while subjected to heat radiation. 
 
Combustible materials facing class divisions A, B or C should have low-flame 
characteristics and have a calorific value not exceeding 45 MJ/m2. In addition, the total 
volume of combustible materials may not exceed the equivalence of 2,5 mm veneer on 
the combined area of the walls and ceiling linings. Exceptions are traditional wooden 
benches and saunas. 
 
In general furniture in stairways and corridors shall be limited to seating, be fixed and 
may not restrict the escape routes. The furniture shall comply with the requirements in the 
FTP Code Annex 1, Part 8. Furniture is not allowed in stairways and corridors forming 
escape routes in cabin areas. 
 
Primary deck coverings, if applied within accommodation and service spaces and control 
stations, shall be of approved material, which will not readily ignite. This should be 
determined with the fire test procedures in the FTP Code, Annex 1, Part 6. Furthermore, it 
shall not give rise to smoke or toxic or explosive hazards at elevated temperatures. This 
should be determined with the fire test procedures in the FTP Code, Annex 1, Part 2. 
 
2.1.4 Rooms containing furniture and furnishings of restricted 

fire risk 
 
SOLAS Chapter II-2, Regulation 3 defines “Rooms containing furniture of restricted fire 
risk”. Such rooms are cabins, public spaces, offices or other types of accommodation 
spaces where: 
 
1. case furniture such as decks, wardrobes, dressing tables, bureaux or dressers are 

constructed of entirely of approve non-combustible materials, except that a 
combustible veneer not exceeding 2 mm may be used on the working surface of such 
articles; 

2. free-standing furniture such as chairs, sofas, or tables are constructed with frames of 
non-combustible materials; 

3. draperies, curtains and other suspended textile material have qualities of resistance to 
the propagation of flame not inferior to those of wool having a mass of 0,8 kg/m2. 
This should be determined in accordance with the FTP Code; 

4. floor coverings have low flame-spread characteristics; 
5. exposed surfaces of bulkheads, linings and ceilings have low flame spread 

characteristics; 
6. upholstered furniture has qualities of resistance to the ignition and propagation of 

flame. This should be determined in accordance with the FTP Code; 
7. bedding components have qualities of resistance to the ignition and propagation of 

flame. This should be determined in accordance with the FTP Code; 
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2.2 Smoke generation potential and toxicity 
 
To reduce the hazard for passengers and crew requirements from smoke and toxic gases 
the requirements of SOLAS Chapter II-2, Regulation 6 shall be adopted. The test and 
requirements are described in FTP Code Annex 1, part 2. 
 
Materials that have to fulfill the requirements are paints, varnishes and other finishes used 
on exposed interior surfaces. Also primary deck coverings in accommodation and service 
spaces and control stations shall be tested for smoke and toxicity. Materials tested to be 
non-combustible are deemed to satisfy the smoke and toxicity requirements without 
further testing. 
 
2.3 Fire detection and alarm 
 
SOLAS Chapter II-2, regulation 7 specifies that three functional requirements shall be 
met in order to fire detection and alarm for escape or fire-fighting. These three are: 
 
1. a fixed fire detection system and fire alarm system shall be installed; 
2. manually operated call point shall be placed effectively to ensure a readily accessible 

means of notification; and 
3. fire patrols shall tour the ship. 
 
2.3.1 Fixed fire detection system 
 
For passenger ships carrying more than 36 passengers, smoke detectors shall be installed 
in service spaces, control stations and accommodation spaces, including all stairways, 
corridors and escape routes. Smoke detectors need not be fitted in private bathrooms and 
galleys. Spaces having little or no fire risk such as voids, public toilets, Carbon Dioxide 
rooms and similar spaces need not be fitted with a fixed fire detection and alarm system. 
 
Consideration shall be given to the installation of special purpose smoke detectors within 
ventilation ducting. 
 
For passenger ships having atriums, the entire main vertical zone containing the atrium 
shall be protected throughout with a smoke detection system. 
 
Detailed requirements related to the installation, power supply, detectors and other 
components, etc are given in Chapter 9 of the FSS Code. Requirements related to sample 
extraction smoke detection systems are given in Chapter 10 of the FSS Code. 
 
MSC/Circ. 1035 contains guidelines for the use and installation of fire detectors that 
could be considered as equivalent to smoke detectors. 
 
2.3.2 Manually operated call points 
 
Manually operated call points complying with the FSS Code shall be installed throughout 
the accommodation spaces, service spaces and control stations. One manually operated 
call point shall be located at each exit. Manually operated call points shall be readily 
accessible in the corridors of each deck such that no part of the corridor is more than 
20 m from a manually operated call point. 
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2.3.3 Fire patrols 
 
For passenger ships carrying more than 36 passengers, an effective patrol system shall be 
maintained so that an outbreak of fire may be promptly detected. Each patrol member 
shall be trained to be familiar with the arrangements of the ship as well as the location an 
operation of any equipment he may be called upon to use. 
 
Each member of the fire patrol shall be provided with a two-way portable radiotelephone 
apparatus. 
 
2.3.4 Fire alarm and controls 
 
Passenger ships shall at all times at sea, or in port, be so manned and equipped that any 
initial alarm is immediately received by a responsible crew member. 
 
The fire detection alarms shall be centralised in a continuously manned central control 
station. In addition, controls for remote closing of the fire doors and shutting down the 
ventilation fans shall be centralised in the same location. The ventilation fans shall be 
capable of reactivation by the crew. Control panels shall be capable of indicating open or 
closed positions of fire doors and closed or off status of the detectors, alarms and fans. 
 
The control panels shall be continuously powered and shall have an automatic change-
over to standby power supply in the case of loss of normal power supply. 
 
A special alarm, operated from the navigation bridge or the fire control station, shall be 
fitted to summon the crew. This alarm may be part of the ship’s general alarm system and 
shall be capable of being sounded independently of the alarms to the passenger spaces. 
 
2.3.5 Notification of crew and passengers 
 
To notify the crew and passengers of a fire for safe evacuation a general emergency alarm 
and public address system shall be provided. 
 
A public address system or other effective means of communication shall be available 
throughout the accommodation and service spaces, controls stations and open decks. 
 
2.4 Control of smoke spread 
 
SOLAS Chapter II-2, regulation 8 requires means to control the spread of smoke in order 
to control the hazards from smoke. 
 
Atriums shall be equipped with a smoke extraction system. The smoke extraction system 
shall be activated by the required smoke detection system and be capable of manual 
control. The fans shall be sized such that the entire volume within the space can be 
exhausted in 10 minutes or less. 
 
MSC/Circ. 1034 contains guidelines for smoke control and ventilation systems for 
internal assembly stations and atriums on new passenger ships. These guidelines are not 
mandatory but were approved by the Maritime Safety Committee in 2002 and member 
governments are invited to bring them to the attention of passenger ship owners, ship 
designers and other parties. In summary, these guidelines stipulate that the smoke control 
and ventilation system for internal assembly stations should be capable of preventing the 
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entry of smoke from surrounding spaces in order to permit the assembling of passengers. 
For atriums, the system should be capable of maintaining the visibility in order to assist in 
safe escape and to allow fire-fighters to operate. The guidelines also include 
recommendations on installation tests to verify that the criteria set out in the guidelines 
are met. 
 
2.5 Fixed fire fighting systems and equipment 
 
Generally, SOLAS Chapter II-2, regulation 10 requires that a fixed fire-extinguishing 
system shall be installed on board ships and that fire-extinguishing appliances shall be 
readily available. 
 
For passenger ships carrying more than 36 passengers, control stations, accommodation 
spaces and service spaces shall be equipped with an automatic sprinkler system, 
complying with the requirements in the FSS Code. For control rooms, where water may 
cause damage to essential equipment, another type of approved system is acceptable. 
Spaces having little or no fire risk, such as voids, public toilets, carbon dioxide rooms and 
similar spaces need not be fitted with sprinklers. 
 
Spaces containing flammable liquids, such as paint lockers, shall be protected with a 
Carbon Dioxide system, a dry powder system or a water spray system. The system shall 
be operable from outside of the protected space. 
 
Deep-fat cooking equipment shall be fitted with an automatic or manual fire-
extinguishing system tested to the international standard ISO 15371:2000, have a primary 
and back-up thermostat to alert the operator in the event of failure of either thermostat 
and arrangements for automatically shutting down electrical power upon the activation of 
the fire-extinguishing system. 
 
Detailed installation requirements for automatic sprinkler systems are given in Chapter 8 
of the FSS Code. These requirements are summarised below. Automatic sprinkler 
systems equivalent to systems specified in the FSS Code may be used. Such systems shall 
comply with the installation guidelines, component tests and fire test procedures in 
IMO Resolution A.800(19). The installation requirements for such equivalent systems are 
in principle identical with the requirements in Chapter 8 of the FSS Code. 
 
2.5.1 Type of system 
 
The sprinkler system shall be a wet-pipe system, kept charged at the necessary pressure. 
However, where environmental conditions dictate, small sections are permitted to be of 
the dry-pipe type. 
 
2.5.2 Power supplies, sprinkler pump and pressure tank 
 
The sprinkler pump shall have two independent power supplies, one supply from the 
main generator and one supply from the emergency generator, using separate electrical 
cables. The electrical cables shall be arranged as to avoid spaces of high fire risk. Upon 
loss of power from the main supply, automatically change over to the emergency supply 
upon loss of power. 
 
The sprinkler pump is required to start automatically by the pressure drop in the in the 
sprinkler system, following the operation of the first sprinkler. A pressure tank system 
containing a standing charge of fresh water shall provide immediate discharge of water 
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during a one-minute period, the approximate time to allow for the sprinkler pump to start 
up. Means shall be provided for testing of the automatic operation of the sprinkler pump 
on reduction of pressure in the system. 
 
The sprinkler pump and the pressure tank shall be situated in a position reasonably 
remote from any machinery space of Category A and shall not be situated in any space 
protected by the sprinkler system. 
 
2.5.3 Sprinkler sectioning, section valves 
 
Sprinklers shall be grouped into sections, each section containing no more than 
200 sprinklers. Any section of the ship shall not serve more than two decks and shall not 
be situated in more than one main vertical zone. 
 
Each section shall be capable of being isolated by one stop-valve only. The stop-valve for 
each section shall be accessible in location outside of the associated sections or in 
cabinets within the stairway enclosures. The valves location shall be clearly and 
permanently indicated. Means shall be provided to prevent the operation of the stop-
valves by any unauthorised person. A gauge positioned at the section stop-valve shall 
indicate the system pressure. 
 
Each section shall have a test valve for testing the automatic alarm from the section. 
 
2.5.4 Discharge density, operating area and discharge 

duration time 
 
The average discharge density shall equal 5 (L/m2)/min over an operating area of 280 m2. 
The water supply shall equal a discharge duration time of at least 30 minutes. The system 
shall be connected to a permanent sea inlet to provide for a continuous discharge of 
water. The sea inlet for the pump shall be so arranged that when the ship is afloat it will 
be necessary to shut off the supply of seawater to the pump for any other purpose than the 
inspection or repair of the pump. 
 
2.5.5 Alarm and indication 
 
Any flow in the system from one or more operating sprinklers shall give a visual and 
audible alarm on the navigation bridge or in the continuously manned central control 
station. Indication shall show in which section the fire sprinkler has operated. 
 
2.6 Fire mains and hydrants 
 
According to SOLAS Chapter II-2, regulation 10, ships shall have fire pumps, fire mains, 
hydrants and hoses. The detailed requirements are summarized below. 
 
2.6.1 Number and position of hydrants 
 
The number and position of hydrants shall be such that at least two jets of water not 
emanating from the same hydrant, one of which shall be from a single length of hose, 
may reach any part of the ship normally accessible to the passengers and the crew while 
the ship is being navigated and any part of any cargo space when empty, any ro-ro space 
or any vehicle space. In the latter case, the two jets shall reach any part of the space, each 
from a single length of hose. Furthermore, such hydrants shall be positioned near the 
access to the protected space. 
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In the accommodation, service and machinery spaces, the number and position of 
hydrants shall be such that the requirements given above are fulfilled when all watertight 
doors and all doors in the main vertical zone bulkheads are closed. 
 
When access is provided to a machinery space of Category at a low level from an 
adjacent shaft tunnel, two hydrants shall be provided external to, but near the entrance to 
the machinery space. 
 
2.6.2 Fire pumps 
 
Sanitary, ballast, bilge or general service pumps may be used as fire pumps, provided that 
they are normally not used for pumping oil and if they are subject to occasional duty for 
the transfer of oil fuel, suitable change-over arrangements are fitted. 
 
For passenger ships of 4000 gross tonnage and above, at least three independently fire 
pumps shall be provided. For ships less than 4000 gross tonnage, at least two fire pumps. 
 
Each of the required fire pumps shall have a capacity not less than 80% of the total 
required capacity divided by the minimum number of required pumps. However, the 
capacity of each pump shall never be less than 25 m3/h (420 L/min). 
 
The space containing the fire pumps shall not be contiguous to the boundaries of 
machinery spaces of category A or those spaces containing main fire pumps. Where this 
is not practical, the common bulkhead between the two spaces shall be insulated to a 
standard of structural fire protection equal to that required for a control station. 
 
2.7 Means of escape 
 
SOLAS Chapter II-2, regulation 13 contains requirements to provide means of escape so 
that persons on board can safely and swiftly escape to the lifeboat and life raft 
embarkation deck. For this purpose, the following three functional requirements shall be 
met: 
 
1. safe escape routes shall be provided; 
2. escape routes shall be maintained in a safe condition, clear of obstacles, and 
3. additional aids for escape shall be provided as necessary to ensure accessibility, clear 

marking, and adequate designs for emergency situations. 
 
Unless expressly provided in the regulation, at least two widely separated and ready 
means of escape shall be provided from all spaces or groups of spaces. Lifts (elevators) 
shall not be considered as forming one of the means of escape. 
 
Escape routes shall be evaluated by an evacuation analysis early in the design process. 
The analysis shall be used to identify and eliminate, as far as practicable, congestion 
which may be develop during an abandonment, due to normal movement of passenger 
and crew along escape routes. In addition, the analysis shall be used to demonstrate that 
escape arrangements are sufficiently flexible to provide for the possibility that certain 
escape routes, assembly stations, embarkation stations or survival craft may not be 
available as a result of a casualty. The analysis shall be conducted in accordance with 
MSC/Circ.909. 
 
MSC/Circ. 1033 contains similar interim guidelines for evacuation analyses of new and 
existing passenger ships. 
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2.7.1 Means of escape from control stations, accommodation 

spaces and service spaces 
 
2.7.1.1 General requirements 
 
A corridor, lobby, or part of a corridor from which there is only one route of escape shall 
be prohibited. Dead-end corridors used in service areas, which are necessary from the 
practical utility of the ship, such as fuel oil stations and athwart ship, shall be permitted, 
provided such dead-end corridors are separated from crew accommodation areas and are 
inaccessible from passenger accommodation areas. Also, a part of a corridor that has a 
depth not exceeding its width is considered a recess or local extension and is permitted. 
 
Doors in escape routes shall, in general, open in way of the direction of escape, except 
that individual cabin doors may open into the cabin and doors in vertical emergency 
escape trunks may open out of the trunk in order to permit the trunk to be used both for 
escape and for access. 
 
2.7.1.2 Means of escape in passenger ships 
 
Below the bulkhead deck, two means of escape, at least one of which shall be 
independent of watertight doors, shall be provided from each watertight compartment or 
similarly restricted space or group of spaces. 
 
Above the bulkhead deck there shall at least two means of escape from each main vertical 
zone or similarly restricted space or group of spaces. At least one of the escapes shall give 
access to a stairway forming a vertical escape. 
 
Stairway enclosures in accommodation and service spaces shall have direct access from 
the corridors and be of sufficient area to prevent congestion, having in view the number 
of persons likely to use them in an emergency. 
 
Within the perimeters of such stairway enclosures, only public toilets, etc are permitted. 
 
The width, number and continuity of escapes shall be in accordance with the 
requirements in Chapter 13 of the FSS Code. 
 
2.8 Containment of fire 
 
In order to contain a fire in the space of origin, SOLAS Chapter II-2, regulation 9 
specifies that the following three functional requirements shall be met: 
 
1. the ship shall be subdivided by thermal and structural boundaries; 
2. thermal insulation of the boundaries shall have due regard to the fire risk of the space 

and adjacent spaces; and 
3. the fire integrity of the division shall be maintained at openings and penetrations. 
 
2.8.1 Main vertical zones and horizontal zones 
 
In ships carrying more than 36 passengers, the hull, superstructure and deckhouses shall 
be subdivided into main vertical zones by “A-60” class divisions. 
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As far as practicable, the bulkheads forming the boundaries of the main vertical zones 
above bulkhead deck shall be in line with the watertight subdivision bulkheads 
immediately below the bulkhead deck. The length and width of main vertical zones may 
be extended to a maximum of 48 m in order to bring the ends of main vertical zones to 
coincide with watertight subdivision bulkheads or in order to accommodate a large public 
space extending for the whole length of the main vertical zone provided that the total area 
is not greater than 1600 m2 on any deck. The length or width of a main vertical zone is 
the maximum distance between the furthermost points of the bulkheads bounding it. 
 
2.8.2 Bulkheads within a main vertical zone 
 
The minimum fire integrity for bulkheads and decks within a main vertical zone is 
determined based on the fire risk of the adjacent spaces. For the purpose of this 
determination, spaces are classified in either of fourteen different categories of spaces. 
Given here are examples of required subdivisions. 
 
Table 1 Fire integrity of bulkheads separating adjacent spaces, for a selection of 

spaces. 
 
Space Adjacent space Fire integrity 
Accom. spaces of minor fire risk Accom. spaces of minor fire risk B-0 
Accom. spaces of minor fire risk Corridors B-15 
Accom. spaces of minor fire risk Stairways A-0 
Corridors Stairways A-0 
 
Table 2 Fire integrity of decks, separating adjacent spaces, for a selection of spaces. 
 
Space below Space above Fire integrity 
Machinery spaces and main galleys Control stations A-60 
Machinery spaces and main galleys Auxiliary machinery spaces, cargo 

spaces, cargo and other oil tanks and 
other similar spaces of moderate fire 
risk 

A-30 

Machinery spaces and main galleys Accommodation spaces of minor fire 
risk 

A-60 

Auxiliary machinery spaces, cargo 
spaces, cargo and other oil tanks and 
other similar spaces of moderate fire 
risk 

Auxiliary machinery spaces, cargo 
spaces, cargo and other oil tanks and 
other similar spaces of moderate fire 
risk 

A-0 

 
2.8.3 Protection of openings in fire-resisting divisions 
 
2.8.3.1 Openings in “A” class divisions 
 
The construction of doors and doors frames in “A” class divisions shall provide resistance 
to fire as well as to the passage of smoke and flame equivalent to the bulkhead were they 
are installed. Door and frames shall be constructed of steel or equivalent material. 
Watertight doors need not to be insulated. 
 
Fire doors in main vertical zone bulkheads, galley boundaries and stairway enclosures 
shall be self-closing. Doors, except for doors for emergency escape trunks, shall be 
capable of remote release from the continuously manned central control station, either 
simultaneously or in groups. In addition, the individual doors also shall be capable of 
release from a position at both sides of the door. In the even of disruption of the control 
system or central power supply, the door shall automatically close. 
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Indication shall be provided at the door indicator panel in the continuously manned 
central control station whether each door is closed. 
 
Ventilation ducts passing through a main vertical zone shall have a fail-safe automatic 
closing fire damper. 
 
2.8.3.2 Openings in “B” class divisions 
 
Doors and door frames in “B” class division and means of securing them shall provide a 
method of closure which shall have a fire resistance equivalent to the division were they 
are installed. However, ventilation openings may be permitted in the lower portion of 
such doors. Openings in or under the door shall not exceed 0,05 m2. Alternatively, a non-
combustible air balance duct routed in the between the cabin and the corridor, and located 
below the sanitary unit, is permitted where the cross-sectional area of the duct does not 
exceed 0,05 m2. All ventilation openings shall be fitted with a grill made from non-
combustible material. Door shall be non-combustible. 
 
Cabin doors in “B” class divisions shall be of a self-closing type. Hold-backs are not 
permitted. 
 
2.9 Ventilation systems 
 
In general, the ventilation fans shall be so disposed that the ducts reaching the various 
spaces remain within the main vertical zone. 
 
Ducts and dampers shall be of non-combustible material and fire dampers and duct 
penetration through “A” class divisions shall be tested in accordance with the FTP Code. 
 
Stairway enclosures shall be ventilated and served by an independent fan and duct 
system, which shall not serve any other space in the ventilation system. 
 
Exhaust duct from galleys shall have a grease trap, a fire damper shall be located in the 
lower end and in the upper of the duct, and a fixed fire-extinguish system shall be 
installed. The exhaust fans shall be remotely controlled. 
 
The ventilation of systems for machinery spaces of category A, vehicle spaces, ro-ro 
spaces, galleys, special category spaces and cargo spaces shall, in general, be separated 
from each other and from ventilation systems serving other spaces. 
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3 Machinery spaces 
 
3.1 Preventing fire from occurring 
 
SOLAS Chapter II-2, regulation 4 contains requirements to prevent the ignition of 
combustible material or flammable liquids. For this purpose, the following functional 
requirements shall be met: 
 
1. means shall be provided to control leaks of flammable liquids; 
2. means shall be provided to limit the accumulation of flammable vapours; 
3. the ignitability of combustible materials shall be restricted; 
4. ignition sources shall restricted; 
5. ignition sources shall be separated from combustible materials and flammable liquids; 

and 
6. the atmosphere in cargo tanks shall be maintained out of the explosive range. 
 
For machinery spaces, detailed requirements are provided covering the allowed minimum 
flashpoint of fuel oil, arrangements of fuel oil and lubricating oil, ventilation of 
machinery spaces, protection of high-temperature surfaces, etc. 
 
Regarding the protection of high temperature surfaces, it is stipulated, “Surfaces with 
temperatures above 220°C which may be impinged as a result of fuel system failure shall 
be properly insulated. 
 
MSC/Circ. 647 contain guidelines how to minimize leakages from flammable liquid 
systems, it also contain recommendations for installation, inspection and maintenance 
regarding insulation of hot surfaces. 
 
3.2 Prevention of fire growth 
 
In order to limit the potential for fire growth, SOLAS Chapter II-2, regulation 5 specifies 
that three functional requirements shall be met: 
 
1. means of control of the air supply to the space shall be provided; 
2. means for control of flammable liquids in the space shall be provided; and 
3. the use of combustible materials shall be restricted. 

 
3.2.1 Control of air supply 
 
Means of control shall be provided for opening and closure of skylights, closure of 
openings in funnels, which normally allow exhaust ventilation, and closure of ventilation 
dampers. The controls shall be located outside the space concerned so they will not be cut 
off in the event of fire in the space they serve. 
 
Means of control shall be provided for stopping ventilation fans. Controls provided for 
the power ventilation serving machinery spaces shall be grouped so as to be operable 
from two positions, one of which shall be outside such spaces. The means for stopping 
the power ventilation of machinery spaces shall be entirely separate from the means 
provided for stopping ventilation of other spaces. 
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The controls described above and the controls for the fire-extinguishing system in the 
machinery space shall be at one control position or as few positions as possible. The 
control positions shall have a safe access from the open deck. 
 
3.2.2 Control of flammable liquid to the space 
 
Means of control shall be provided for stopping forced and induced draught fans, oil fuel 
unit pumps, lubrication oil service pumps, thermal oil circulating pumps and oil 
separators (purifiers). 
 
The controls shall be located outside the space concerned so they will not be cut off in the 
event of fire in the space. The described above and the controls for the fire-extinguishing 
system in the machinery space shall be at one control position or as few positions as 
possible. The control positions shall have a safe access from the open deck. 
 
3.3 Fire detection and alarm 
 
SOLAS Chapter II-2, regulation 7.4 requires that a fixed fire detection system shall be 
installed in: 
 
1. periodically unattended machinery spaces; and 

 
2. machinery spaces where: 

 
-  the installation of automatic and remote control systems and equipment has been 

approved in lieu of continuous manning of the space; and 
 

-  the main propulsion and associated machinery, including the main sources of 
electrical power, are provided with various degrees of automatic or remote control 
and are under continuous manned supervision from a control room. 

 
The fixed fire detection and alarm system required shall be so designed and the detectors 
shall be so positioned as to detect a fire rapidly. Only thermal detectors are permitted, 
except in spaces with restricted height. The detection system shall initiate audible and 
visual alarms on the navigation bridge. When the navigation bridge is unmanned, the 
alarm shall sound in a place where a responsible member of the crew is on duty. 
 
Detailed requirements related to the installation, power supply, detectors and other 
components, etc are given in Chapter 9 of the FSS Code. 
 
3.4 Control of smoke spread 
 
SOLAS Chapter II-2, regulation 8 requires that Machinery spaces of category A shall 
have suitable arrangements to permit the release of smoke, in the event of fire. The 
normal ventilation system may be acceptable for this purpose. 
 
Means of control shall be located outside the space. For passenger ships, the controls 
shall be positioned at one control position or grouped in as few positions as possible. 
Such positions shall have a safe access from the open deck. 
 
For control stations outside machinery spaces, practical measures shall be taken to ensure 
that the ventilation, visibility and freedom from smoke is maintained so that, in the event 
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of fire, the machinery and equipment contained therein may be supervised and continue 
to function effectively. 
 
3.5 Fixed fire fighting systems and equipment 
 
Generally, SOLAS Chapter II-2, regulation 10 requires that a fixed fire-extinguishing 
system shall be installed on board ships and that fire-extinguishing appliances shall be 
readily available. 
 
Machinery spaces of Category A1 containing internal combustion machinery shall be 
provided with a fixed fire-extinguishing system. Any of the three following types of 
systems may be used: 
 
1. a fixed gas fire-extinguishing system, 
2. a fixed high-expansion foam fire-extinguishing system, and 
3. a fixed water-spraying system fire-extinguishing system. 
 
When the fire-extinguishing medium is stored outside of the protected space, it shall be 
stored in a room, which is located behind the forward collision bulkhead. The storage 
room should not be used for any other purposes and the entrance to the room shall 
preferably be from the open deck and shall be independent from the protected space. If 
the storage room is located below the open deck, it shall be located no more than one 
deck below the open deck and shall be directly accessible by a stairway or a ladder from 
the open deck. 
 
For passenger ships of 500 gross tonnage and above, and cargo ships of 2000 gross 
tonnage and above, Machinery spaces of category A, in excess of 500 m3, shall in 
addition to the ‘total flooding system’, be protected by an approved type of water-based 
or equivalent local application fire-extinguishing system. Such systems shall comply with 
the installation guidelines, component tests and fire test procedures in MSC/Circ. 913 as 
amended by MSC/Circ. 1082. 
 
The activation of the local application fire-extinguishing system should not require the 
engine shutdown, closing of fuel tank outlet valves, evacuation of personnel and sealing 
of the space. Any of these actions would lead to loss of electrical power or reduction of 
maneuverability. 
 
3.5.1 Fixed gas fire-extinguishing systems 
 
Where a fixed gas fire-extinguishing system is used, openings, which may admit air to 
enter, or allow gas to escape from, a protected space shall be capable of being closed 
from outside of the protected space. 
 
Detailed installation requirements for fixed gas fire-extinguishing systems are given in 
Chapter 5 of the FSS Code. Fixed gas fire-extinguishing system equivalent to systems 
specified in the FSS Code may be used. Such systems shall comply with the installation 

                                                      
1 Machinery spaces of category A is defined as those spaces and trunks which contain either: 
 

1. internal combustion machinery used for the propulsion; 
2. internal combustion machinery used for purposes other than main propulsion where such 

machinery has in the aggregate a total power output of not less than 375 kW; or 
3. any oil-fired boiler or oil fuel unit, or any oil-fired equipment other than boilers, such as 

inert gas generators, incinerators, etc. 
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guidelines, component tests and fire test procedures in MSC/Circ. 848. The installation 
requirements for such equivalent systems are in similar to the requirements in Chapter 5 
of the FSS Code. 
 
In addition, approved fixed aerosol fire-extinguishing system may be used. Such systems 
shall comply with the installation guidelines, component tests and fire test procedures in 
MSC/Circ. 1007. 
 
3.5.2 Fixed high-expansion foam fire-extinguishing systems 
 
Detailed installation requirements for fixed high-expansion foam fire-extinguishing 
systems are given in Chapter 6 of the FSS Code. 
 
3.5.3 Fixed water-spraying system fire-extinguishing systems 
 
Water pumps, other than those serving the fire main, required for the provision of water 
for fire-extinguishing systems, their sources of power and their controls shall be installed 
outside of the space or the spaces protected. 
 
Detailed installation requirements for fixed water-spraying fire-extinguishing systems are 
given in Chapter 7 of the FSS Code. These requirements stipulate that nozzles shall be 
arranged such as to ensure an effective distribution of water of at least 5 (L/m2)/min in the 
protected space. 
 
The system may be divided into sections and the distribution valves shall be operated 
from easily accessible positions outside the protected space. 
 
The pump for the system shall be capable of supplying all sections simultaneously, at the 
necessary water pressure, in any one protected space. The pump shall be driven by 
independent internal combustion machinery. However, if the pump is dependent upon 
power being supplied from the emergency generator, the generator shall be so arranged 
that as to start automatically in case of main power failure so that the pump is 
immediately available. The independent internal combustion machinery for driving the 
pump shall be so situated that a fire in the protected space for spaces will not affect the air 
supply for the machinery. 
 
Fixed water-spraying systems equivalent to systems specified in the FSS Code may be 
used. Such systems shall comply with the installation guidelines, component tests and fire 
test procedures in MSC/Circ. 668 / 728. The installation requirements for such equivalent 
systems are similar to the requirements in Chapter 7 of the FSS Code. 
 
3.5.4 Fire-fighting equipment 
 
Machinery spaces of Category A shall have at least one portable foam applicator unit 
complying with the provisions in the FSS Code. In addition, there shall be a sufficient 
number of portable 45 L, portable fire extinguishers of the foam type. The extinguishers 
shall be located such that the walking distance to an extinguisher is maximum 10 meters. 
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3.6 Containment of fire 
 
Chapter 2.8.2 provides information of fire integrity sub-divisions related to machinery 
spaces. 
 
3.6.1 Protection of openings in machinery space boundaries 
 
The number of skylights, doors, ventilators, openings in funnels to permit exhaust 
ventilation and other openings to the machinery space shall be reduced to a minimum 
consistent with the needs of ventilation and the proper and safe working of the ship. 
 
Skylights shall be of steel and shall not contain glass panels. 
 
Means of control shall be provided for closing power-operated doors. The controls shall 
be located outside the space concerned, where they will not be cut off in the event of fire 
in the space it serves. In passenger ships, the means of control shall be situated at one 
control position or grouped in as few positions as possible. Such positions shall have safe 
access from the open deck. 
 
Windows shall not be fitted in machinery space boundaries. 
 
3.7 Means of escape 
 
For machinery spaces of category A, two means of escape shall be provided. For 
machinery spaces other than those of category A, two escape routes shall be provided, 
however, a single escape route may be accepted for spaces that are entered only 
occasionally and for spaces where the maximum travel distance to the door is 5 m or less. 
 
3.8 Ventilation systems 
 
Refer to Chapter 2.9. 
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4 Ro-ro cargo spaces 
 
SOLAS Chapter II-2, regulation 20 provides additional safety measures for ships fitted 
with vehicle, special category and ro-ro spaces. For this purpose, the following three 
functional requirements shall be met: 
 
1. fire protection systems shall be provided to adequately protect the ship from the fire 

hazards associated with vehicle, special category and ro-ro spaces; 
2. ignition sources shall be separated from vehicle, special category and ro-ro spaces; 

and 
3. vehicle, special category and ro-ro spaces shall be adequately ventilated. 
 
The basic principle underlying the provisions is that the main vertical zoning concept may 
not be practicable in vehicle spaces of passenger ships and, therefore, equivalent 
protection must be obtained on the basis of a horizontal zone concept and by provisions 
of an efficient fixed fire-extinguish system. A horizontal zone may include a special 
category spaces or ro-ro spaces provided that the total overall height for vehicles does not 
exceed 10 m. 
 
4.1 Precaution against ignition of flammable vapours 

and control of air supply 
 
4.1.1 Precaution against ignition of flammable vapours 
 
For special category and closed ro-ro and vehicles spaces on board passenger ships 
carrying more than 36 passengers, there shall be an effective power ventilation system 
sufficient to provide at least 10 air changes per hour. An increased number of air changes 
may be required when vehicles are being loaded and unloaded. 
 
The ventilation system shall be separate from other ventilation systems and shall be in 
operation at all times when vehicles are in such spaces. The exhaust ventilation ducts 
shall be sited in a safe position, having regard to other possible sources of ignition. 
 
Electrical equipment and wiring, both inside the space and if installed inside exhaust 
ventilation ducts, shall be of a type suitable for use in explosive petrol and air mixtures. 
 
Scuppers shall not lead to machinery spaces or other spaces where sources of ignition 
may be present. 
 
4.1.2 Control of air supply 
 
Arrangements shall be provided to permit a rapid shutdown and effective closure of the 
ventilation system from outside the space in case of fire, taking into account the weather 
and sea conditions. Fans serving power ventilation systems to cargo spaces shall be 
capable of being stopped from a safe position outside such spaces. 
 
Ventilation ducts, including dampers, within a common horizontal zone shall be made of 
steel. In passenger ships, ventilation duct that pass through other horizontal zones or 
machinery spaces shall be “A-60” class steel ducts. 
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Any permanent openings in the side plating, the ends or deckhead of the space shall be so 
situated that that a fire in the cargo space does not endanger stowage areas and 
embarkation stations for survival craft and accommodation spaces, service spaces and 
control stations in superstructures and deckhouses above the cargo space. 
 
4.2 Fire detection and alarm 
 
4.2.1 Fixed fire detection system 
 
A fixed fire detection system, capable of rapidly detecting the onset of fire, shall be 
installed in the space. The type of detectors, their spacing and their location shall be 
chosen taking into account the effects of the ventilation and other relevant factors. 
 
Sample extraction smoke detection systems may be used as an alternative fire detection 
system, but is not allowed for open ro-ro spaces, open vehicle deck spaces and special 
category spaces. 
 
Detailed requirements related to the installation, power supply, detectors and other 
components, etc are given in Chapter 9 of the FSS Code. Requirements related to sample 
extraction smoke detection systems are given in Chapter 10 of the FSS Code. 
 
4.2.2 Manually operated call points 
 
Manually operated call points shall be spaced so that no part of the space is more than 
20 m from the manually operated call point, and one shall be placed close to each exit 
from such space. 
 
4.2.3 Fire patrols 
 
An efficient fire patrol system shall be maintained in special category spaces. If an 
efficient fire patrol system is maintained by a continuous fire watch at all time during the 
voyage, a fixed fire detection and fire alarm system is not required. 
 
4.3 Fixed fire fighting systems and equipment 
 
Ro-ro spaces and vehicle spaces not capable of being sealed and special category spaces 
shall according to SOLAS Chapter II-2, Regulation 20 be fitted with an approved deluge 
type sprinkler system for protection of all parts of any deck and vehicle platform. The 
system shall be manually operated. 
 
Detailed installation requirements for sprinkler systems for special category spaces are 
given in IMO Resolution A.123(V). These requirements are described below. Sprinkler 
systems equivalent to systems specified in IMO Resolution A.123(V) may be used. Such 
systems shall comply with the installation guidelines, component tests and fire test 
procedures in MSC/Circ. 914. The installation requirements for such equivalent systems 
are in principle identical with the requirements in IMO Resolution A.123(V). 
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4.3.1 Sprinkler sectioning, section valves, sprinkler pump(s) 
 
The sprinkler system should normally cover the full breadth of the vehicle deck and may 
be divided into sections provided that they are at least 20 m (66 ft). However, in ships 
were the vehicle deck is subdivided with longitudinal “A” class divisions forming 
boundaries of staircases, etc., the breadth of the sections may be reduced accordingly. 
 
The section valves for the system should be situated in an easy accessible position 
adjacent to, but outside the protected space. 
 
A pump or pumps other than the ship’s required fire pumps should provide the water 
supply for the system. The capacity of the pumps(s) should be sufficient for providing 
water at the required pressure to all nozzles on the vehicle deck or at least two sections. 
 
The pump(s) should be capable of being brought into operation by remote control (which 
may be manually activated) from the position at which the section valves are positioned. 
 
4.3.2 Discharge density, operating area and discharge 

duration time 
 
The average discharge density shall equal 3,5 (L/m2)/min for spaces with a deck height 
not exceeding 2,5 m and 5 (L/m2)/min deck height in excess of 2,5 m. The water pressure 
should be sufficient to ensure an even distribution of water. 
 
4.3.3 Arrangements to prevent loss of stability 
 
In view of that serious loss of stability could arise due to large quantities of water 
accumulating on the deck or decks the following arrangement shall be provided on 
passenger ships. 
 
1. in the spaces above the bulkhead deck, scuppers shall be fitted so as to ensure that 

water from the sprinkler system is rapidly discharged directly overboard; 
2. in ro-ro passenger ships, discharge valves for scuppers, fitted with positive means of 

closing operable from a position above the bulkhead deck, shall be kept open while 
the ships are at sea; 

3. in the spaces above the bulkhead deck, pumping and drainage facilities shall be 
provided. 

 
4.4 Means for manual fire-fighting 
 
4.4.1 Fire-extinguishing appliances 
 
The following fire-extinguishing appliances shall be provided in vehicle, ro-ro and 
special category spaces: 
 
1. at least three water-fog applicators; and 
2. one portable foam applicator unit complying with the provisions of the FSS Code, 

provided that at least two such units are available in the ship for use in such spaces. 
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4.4.2 Portable fire extinguishers 
 
Portable fire extinguishers shall be provided at each deck level in each hold or 
compartment where vehicles are carried, spaced no more than 20 m apart on both sides of 
the space. At least on portable fire extinguisher shall be located at each access to such a 
cargo space. 
 
According to SOLAS Chapter II-2, regulation 10, ships shall have fire pumps, fire mains, 
hydrants and hoses. The detailed requirements are summarised below. 
 
4.5 Means of escape 
 
Special category spaces and open ro-ro spaces to which any passengers can have access 
shall be provided with designated walkways with a breadth of at least 600 mm. The 
parking arrangements for the vehicles shall maintain the walkways clear at all times. 
 
For spaces below the bulkhead deck, two means of escape shall be provided, at least one 
of which shall be independent of watertight doors. 
 
For spaces above the bulkhead deck, two means of escape shall be provided, at least one 
of which shall give access to an enclosed stairway forming a vertical escape. This 
stairway shall provide continuous fire shelter from the level of its origin to the 
appropriate lifeboat and liferaft embarkation station, or to the uppermost weather deck if 
the embarkation station deck does not extend to the main vertical zone being considered. 
In the latter case, direct access to the embarkation deck by way of external open stairways 
and passageways shall be provided and shall have emergency lightning and slip-free 
surfaces. 
 
4.6 Containment of fire 
 
Main vertical zoning may not be practicable in vehicle spaces of passenger ships. These 
spaces are therefore protected with a fixed fire-extinguishing system, as described above. 
A horizontal zone may include special category spaces on more than one deck, provided 
that the total overall clear height for vehicles does not exceed 10 m. 
 
In passenger ships carrying more than 36 passengers, the boundary bulkheads and decks 
of special category and ro-ro spaces shall be insulated to “A-60” class standard. However, 
where a category (5)2, (9)3 or (10)4 space is on one side of the division, the standard may 
be reduced to “A-0”. Where fuel oil tanks are below a special category space, the 
integrity of the deck between such spaces may be reduced to “A-0” standard. 
 
In passenger ships, indicators shall be provided on the navigation bridge, which shall 
indicate when any fire door leading to or from the special category space is closed. 
 
4.7 Ventilation systems 
 
Refer to Chapter 2.9. 

***** 

                                                      
2 Open deck spaces. 
3 Sanitary and similar spaces. 
4 Tanks, voids and auxiliary machinery spaces having little or no fire risk. 
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Appendix B 
 
CFD simulation of fire on the main ro-ro deck 
 

1 Introduction 
 
Since the mid-1990’s, the Swedish Maritime Administration, in co-operation with SP Fire 
Technology, have struggled to increase the awareness of the fire hazards and the 
appropriate improvements of the fire safety levels on ro-ro decks and cargo spaces on 
board ships. 
 
Several project have been conducted, both aiming at investigating the fire hazards [1, 2, 
3] on ro-ro decks and cargo spaces, the consequences [4] of such a fire, together with the 
most appropriate protection [5] for these spaces. Although fires on vehicle decks are rare, 
the consequences can be disastrous. Trucks and trailers are parked closely together, 
carrying a wide range of loads, which, in isolation or together can burn very intensely. In 
addition, a fire is extremely difficult to fight manually. 
 
As the ro-ro cargo spaces on the DESSO ROPAX is considered “special category 
spaces”, i.e. an enclosed space on a deck intended for the carriage of motor vehicles with 
fuel in their tanks for their own propulsion and to which the passengers have access, 
SOLAS Chapter II-2, Regulation 20 require that the deck shall be protected with an 
approved deluge type sprinkler system. The system shall be manually operated. Detailed 
installation requirements for sprinkler systems for special category spaces are given in 
IMO Resolution A.123(V). Sprinkler systems equivalent to systems specified in IMO 
Resolution A.123(V) may be used and such systems shall comply with the installation 
guidelines, component tests and fire test procedures in MSC/Circ. 914. The installation 
requirements for such equivalent systems are in principle identical with the requirements 
in IMO Resolution A.123(V). 
 
Other type of fixed fire-fighting systems is not allowed, due to the safety concerns for the 
passengers. 
                                                      
1  Arvidson, Magnus, Ingason, Haukur and Persson, Henry, “Water Based Fire Protection Systems 
for Vehicle Decks on Ro-Ro Passenger Ferries, Brandforsk Project 421-941”, SP Report 1997:03, 
Swedish National Testing and Research Institute, 1997 
 
2  Arvidson, Magnus, “Large Scale Ro-Ro Vehicle Deck Fire Test, Nordtest Project 1299-96, 
Brandforsk Project 421-941”, SP Report 1997:15, Swedish National Testing and Research 
Institute, 1997 
 
3  Video entitled “Large Scale Ro-Ro Vehicle Deck Fire Test, Conducted at SP on the 23rd of May 
1997”, Swedish National Testing and Research Institute, Borås, 1997 
 
4  Larsson, Ida, Ingason, Haukur and Arvidson, Magnus, ”Model scale fire tests on a vehicle deck 
on board a ship”, SP Report 2002:05, Swedish National Testing and Research Institute, Borås, 
Sweden, 2002 
 
5  Arvidson, Magnus and Torstensson, Håkan, ”En förstudie angående vattenbaserade släcksystem 
för lastutrymmen på fartyg, Brandforsk projekt 511-001”, SP Rapport 2002:22, Swedish National 
Testing and Research Institute, Borås, Sweden, 2002 (An initial review on the use of water based 
fire protection systems for cargo spaces on board ships, In Swedish only). 
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This chapter discusses the fire hazards on ro-ro cargo decks and features improvements. 
 
A fire on a vehicle deck can be very large before it becomes ventilation controlled. For 
decks that are 180 m in length, calculations previously conducted at SP Fire Technology 
show that a fire can grow to almost 80 MW before the fire becomes ventilation 
controlled. The average gas temperature is high, of the order of 250 ºC to 300 ºC and 
consequently the temperature and heat radiation directly above the fire can be extremely 
high. There is an apparent risk for fire spread through the conduction of heat to decks 
above. As the maximum fire size is a function of the volume of the deck, sectioning of the 
deck can be an efficient way to limit the size of a fire. 
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2 The FDS software 
 
The simulations were done with the software FDS (Fire Dynamics Simulator) [6,7], a 
computational fluid dynamics (CFD) model of fire-driven fluid flow. The software solves 
numerically a form of the Navier-Stokes equations appropriate for low-speed, thermally 
driven flow with an emphasis on smoke and heat transport from fires. To accomplish this 
FDS uses a Large Eddy Simulation (LES) approach to describe the turbulent mixing of 
gaseous fuel and combustion products with the surrounding air. The idea is that most of 
the important mixing and also the burning rate are governed by large eddy structures that 
can be described by fluid dynamics equations on a relatively coarse grid. This also 
implies the assumption that the chemical reactions are infinitely fast. Eddy motion on 
small and micro scale is approximated or ignored. FDS also has incorporated models for 
simulating sprinkler and water mist systems, which made it a suitable code for this 
specific project. 
 
2.1 The sprinkler model 
 
Simulating the effect of a sprinkler or water mist spray requires prediction of several 
phenomena; activation of the sprinkler, droplet trajectories and tracking the liquid water 
as it hits surfaces or the burning object. 
 
FDS calculates the temperature of the sensing element of the sprinkler by a differential 
equation and the user is required to set the activation temperature or the activation time. 
After activation is predicted, a sampled set of spherical water droplets is tracked from the 
sprinkler to any surface. To do this the initial size and velocity of each droplet in the 
tracked set must be described. The initial size distribution of the sprinkler spray is 
determined by a random distribution called the Cumulative Volume Fraction (CVF). The 
CVF function distributes the droplets so that half of the water mass is transported by 
droplets less than a given median droplet diameter, dm. The median droplet diameter is a 
function of the sprinkler orifice diameter, operating pressure and geometry. The user 
specifies dm and the water flow rate and FDS then chooses a diameter distribution that 
mimics the distribution mentioned above. It would not be reasonable to track the 
trajectories of all droplets discharged from a sprinkler and FDS therefore tracks a sampled 
set, default 1000 droplets per second. The heat and mass transfer from these selected 
droplets are then scaled by a weighing factor (depending on the total mass flow of water) 
to account for the total number of droplets. 
 
The mass and energy transfer from the droplets are handled semi-empirically. 

                                                      
6  K.B. McGrattan (editor). Fire Dynamics Simulator (Version 4), Technical Reference Guide. 
NIST Special Publication 1018, National Institute of Standards and Technology, Gaithersburg, 
Maryland, July 2004. 
 
7  K.B. McGrattan, G. Forney. Fire Dynamics Simulator (Version 4), User’s Guide. NIST Special 
Publication 1019, National Institute of Standards and Technology, Gaithersburg, Maryland, July 
2004 
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3 Simulation set-up and conditions 
 
3.1 Geometry and boundaries 
 
The simulated domain consists of the main ro-ro deck on the DESSO ROPAX with 
approximate dimensions of 164 m × 29 m × 5.8 m. Simplifications of the geometry were 
made to remove all details that are not relevant for the general gas and heat transport, 
making the walls, ceiling and floor smooth as in Figure 1 - Figure 3.  The deck was half-
filled with freight trucks, which are indicated as boxes. In some simulation cases the stern 
port was open to represent the loading process and in some it was closed. 
 
The outer boundaries (walls, floor, ceiling) were modelled as 5 mm steel. The freight 
trucks were modelled as solid blocks with realistic width and height. The length 
dimensions are varying due to the different sub-meshes and the sectioning walls. 
 
No forced mechanical ventilation was used in any of the simulation cases. It is assumed 
that the ventilation system is shut off when a fire is detected. 

 
Figure 1.  Top view of the simulated geometry. The fire source trailers are indicated with 

red. 
 

 
Figure 2. Perspective view of simulated geometry. The fire source trailers are indicated 

with red. 
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Figure 3. Top view of simulated geometry with transversal bulkheads drawn in magenta. 
 
 
3.2 The fire scenario 
 
The design fire scenario consisted of two burning trailers, marked in red in Figure 1 - 
Figure 3. Only half of the trailers were assumed to be burning. The fire development was 
assumed to follow an exponential curve up to a maximum value according to the curve in 
Figure 4. This fire development was derived from observations in model scale tests 
performed at SP Fire Technology [4]. These model experiments suggest that a fire can 
reach 80 MW within 10 minutes on a 180 m long ro-ro deck. Fire spread between 
vehicles was not predicted due to limitations in the model; however a fire size of 80 MW 
from one or two trailers is not an unrealistic fire. Large-scale experiments in an actual 
tunnel have shown fire effects in the order of 180 MW from a single trailer under well-
ventilated conditions [8]. 
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Figure 4. The fire scenario used in the simulations. 

                                                      
 
8  Ingason, H., and Lönnermark, A., "Large-scale Fire Tests in the Runehamar tunnel - Heat 
Release Rate (HRR)", International Symposium on Catastrophic Tunnel Fires (CTF), SP Report 
2004:05, p.81-92, Borås, Sweden, 2003. 
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3.3 Numerical mesh 
 
The three-dimensional geometry was divided into a Cartesian mesh of control volumes. A 
longitudinal division into five sub-meshes was used to facilitate differentiated mesh 
resolution. The sub-mesh around the fire source was of a higher resolution than the other 
meshes. 
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4 Simulation cases 
 
The simulations were made assuming a fire on deck 2, which is the main ro-ro deck. It is 
assumed that the deck is half-loaded with trailers as in Figure 1 - Figure 2. Loading is 
made through the stern port and this was simulated as both closed and open in the 
different cases. This parameter was added to cover the scenario of fire at port, during 
loading or unloading.  
In total five different simulation cases were defined as shown in Table 1 below. 
 
Table 1. Description of the simulation cases. 
 

Case no Fire Port Transversal 
bulkheads 

Active water 
spray or water 

mist system 
1 0 - 80 MW Open stern No No 
2 0 - 80 MW Closed stern No No 
3 0 - 80 MW Closed stern No Water mist 
4 0 - 80 MW 1 Yes No 
5 0 - 80 MW 1 Yes Water spray 
6 0 - 80 MW 1 Yes Water mist 

1 Only the closed centre section was simulated 
 
4.1 Sprinkler set-up 
 
The same sprinkler head set-up was used both for the water spray and the water mist 
cases. A distribution of one head per 9 m2 of deck space was applied, see Figure 5, and 
with a 100 mm ceiling distance. Sprinkler heads were simulated only in the main vertical 
zone containing the fire. 
 

 
Figure 5. Illustration of the sprinkler head distribution in the fire zone. 
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The sprinkler characteristics used in the simulations are summarised below. Offset 
distance is the distance from the sprinkler head where the droplets has completely broken 
up and are transported independently. 
 
Water spray system 
RTI  = 165 (m·s)1/2  
K-factor =  80  l/min/bar1/2 
Pressure = 2,8 bar 
Water flow = 15 l/m2/min = 135 l/sprinkler/min 
Offset distance =  100  mm 
 
Water mist system 
RTI  = 165 (m·s)1/2  
K-factor =  2,2  l/min/bar1/2 
Pressure = 100 bar 
Water flow = 2,2 l/m2/min = 20 l/nozzle/min 
Offset distance =  100  mm 
 
Activation of the sprinklers was assumed to be made manually once the fire detectors has 
detected the fire. All sprinkler heads within the main vertical zone were activated 
simultaneously at about one minute from the start of the fire. In a real scenario the 
activation time would probably be longer but this approach allows the different cases to 
be compared. 
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5 Simulation Results 
 
5.1 Heat Release Rates 
 
The heat release evolution from the burning freight trucks are presented in Figure 6 - 
Figure 7.  
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Figure 6. Simulated heat release rates from fires on ro-ro deck. Cases 1-3 with no 

transversal bulkheads.  
 
The results indicate that in the case of open stern (Case 1) the fire enters a ventilation 
controlled stage after approximately 10 minutes. The fire is set in FDS to follow the 
defined heat release rate curve defined in Figure 4 but this requires enough oxygen to be 
available. After 10 minutes the oxygen in the ro-ro space is consumed and the supply 
from the opening is only sufficient to maintain a heat release of about 50 MW. The 
absolute value of the heat release at this stage should be considered with some caution 
since the CFD code has certain problems with simulating under-ventilated conditions. 
Case 2 with closed stern door enters the under-ventilated stage at about the same time as 
Case 1 but here the fire self-extinguishes due to lack of oxygen. However the heat release 
rate reaches almost 70 MW and this fire would imply a large risk of fire spreading to 
other spaces and the deck above. 
 
In the case with closed stern door combined with the activation of the water mist system, 
the behaviour is different. Case 3 simulates the effect of a water mist system, activated 
after 1 minute, resulting in a decrease of the maximum heat release rate to below 30 MW. 
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Figure 7. Simulated heat release rates from fires on ro-ro deck. Cases 4-6 with 

transversal bulkheads. 
 
Figure 7 shows the effect of introducing transversal bulkheads that divides the ro-ro 
space, see also Figure 3. The bulkhead contains the fire in one main vertical zone and the 
amount of available oxygen is obviously much less. The fire follows the same curve as in 
the open cases but decreases earlier with a maximum heat release of about 30 MW (case 
4 in Figure 7). 
 
Both the sprinkler and the water mist system reduce the peak heat release to around 
20 MW. There is however no considerable difference in performance between the two 
types of systems. 
 
 
5.2 Temperatures 
 
Figure 9 - Figure 10 shows the simulated temperature for the different cases. The 
temperature is measured in the hot smoke layer approximately 100 mm below the ceiling, 
at a position 96 m from the aft, see Figure 8. Temperature is simulated as being 
thermocouple measurements, i.e. consideration is taken to thermal radiation, etc. 
 

 
Figure 8. Sketch of the main ro-ro deck with the measurement point indicated. 
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Figure 9. Simulated temperatures during fire on ro-ro deck. Temperature in hot smoke 

layer, cases 1-3 with no transversal bulkheads. 
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Figure 10. Simulated temperatures during fire on ro-ro deck. Temperature in hot smoke 

layer, cases 4-6 with transversal bulkheads. 
 
The temperature curves in Figure 9 - Figure 10 show results analogue to the predicted 
heat release rates. One difference can be noted in the cases with transversal bulkheads and 
active systems, case 5-6, where the water spray system reduces the temperature further 
than the water mist system. 
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6 Conclusions 
 
The results from the CFD simulations verify previous experience from two-zone 
simulations and model scale tests made at SP Fire Technology: 
 
A fire can be very large before it is limited by the ventilation conditions on a large, closed 
ro-ro deck. For these simulations, the fire reached a heat release rate of approximately 
70 MW before it was reduced due to the consumption of available oxygen. Gas 
temperatures close to the fire are high, in excess of 700 ºC. 
 
During loading and unloading, i.e. when the stern port is open, the increased availability 
of oxygen increases the fire duration time and it does not self-extinguish as in the case 
where the deck is completely closed. The air supply from the opening was sufficient to 
maintain a steady heat release of about 40 MW to 50 MW. The peak gas temperatures 
were comparable to the case where the ro-ro deck was closed, but levels out at 
approximately 400 ºC. 
 
In addition to the cases described above, transversal bulkheads that divide the ro-ro space 
were introduced. This limits the availability of oxygen significantly and had a dramatic 
effect on the size and the duration of the fire. The peak gas temperature was reduced to 
some extent. 
 
The cases described above imply that no active fire protection system is available, which 
is normally the case. Two different active systems were simulated in the calculation, 
firstly, a water spray system discharging 15 L/m2/min. This water discharge density is 
three times higher than the density stipulated by the regulatory requirements. Secondly, a 
high-pressure water mist system discharging 2,2 L/m2/min. 
 
For the case where the ro-ro deck was closed, the water mist system provided a 
significant reduction of the heat release rate of the fire, with a corresponding reduction of 
the gas temperatures. It should be noted that no simulation with the water spray is 
available due to technical problems. 
 
The combined effect of transversal bulkheads and an active fire protection system 
provides a significant reduction of the peak gas temperatures, down to levels around 
200 ºC to 300 ºC. The water spray system provided the lowest temperatures, however, at 
a considerably higher water flow rate than the high-pressure water mist system. 
 

****** 
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Appendix C 
 
Fire tests of mattresses 
 

1 Introduction 
 
For cabins, public spaces, offices or other types of accommodation spaces defined as 
“Rooms containing furniture of restricted fire risk” a long list of requirements should 
apply, see Appendix 1 of this report. Bedding components, such as mattresses, quilts and 
pillows should have qualities of resistance to the ignition and propagation of flame. This 
is determined in accordance with the FTP Code, Part 91, see the description below. 
 
The FTP Code Part 9 test uses only small ignition sources for the tests. A product is 
tested with a burning cigarette and a small butane or propane burner, similar to a cigarette 
lighter. To satisfy the requirements a product may not show any open flames or 
progressive smouldering within 1 hour after application of the respective ignition source. 
This test gives some safety against ignition by smoking in bed, small open flames from a 
match or a lighter, etc but it gives no information about the fire safety in case of a more 
severe ignition source. In the introduction of the FTP text it says “The test alone cannot 
provide any direct guidance on behavior of safety in other types of accidents, like 
exposure to larger sources or flames”. With this background it was decided to investigate 
possible stricter requirements on mattresses on passenger ships as a step towards 
increased fire safety. 
 
Recent research in Sweden following incidents with mattress fires in hospitals has yielded 
a new national standard published by SIS, Swedish Standards Institute, SS 876 00 10, 
“Health care textiles - Fire requirements - Extra high resistance to ignition of mattresses 
intended for special purposes”2. Mattresses that fulfill this standard are now being used in 
several institutions and hospitals in Sweden in order to achieve a high fire safety and 
protection against arson. 
 
This standard was used within the DESSO project for a series of fire tests with mattresses 
commonly used on board ships, as described in this Appendix. Given below are summary 
of the fire test procedures and the results of the fire tests. 

                                                      
1 FTP Code- International Code for Application of Fire Test Procedures, IMO Resolution 
MSC.61(67), International Maritime Organisation, London, 1998. 
 
2 SS 876 00 10, Health care textiles – Hospital beds with high performance requirements on 
ignitability, Swedish Standards Institute, 2001-06-21. 
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2 Fire tests for mattresses with extra high 
ignition resistance 

 
The background of SS 876 00 10 is the realization that fires in health care facilities can 
have severe consequences. A contributory way of reducing the risk is to use mattresses 
with improved fire resistance. This is because mattresses, in particular, can evolve a lot of 
heat and smoke when they burn, thus presenting a risk of considerable damage to other 
rooms outside that in which the fire has occurred. Tests by SP have shown that mattresses 
that meet high standards in respect of minimization of heat and smoke in the event of a 
fire are available on the market. 
 
Drafting of SS 876 00 10 was carried out by SIS/TK for health care textiles, and largely 
financed by RALF, the Council for Work Life Research. Manufacturers and suppliers of 
mattresses used in the Swedish health care system were invited to participate in the work, 
as were the National Rescue Services Board and the National Board of Occupational 
Safety and Health. 
 
The work included a survey of possible methods of testing in order to determine which 
method or methods could produce the high sensitivity to ignition that was needed. The 
choice fell on NT Fire 032, in combination with SS-ISO 9705 Room/Corner Test, which 
required full-scale testing. 
 
The standard should be used in connection with selection and purchasing of mattresses 
for persons who are mentally ill or temporarily confused, and who might set light to their 
beds in order to harm themselves or others. Other examples of application areas include 
bedding for troublemakers who must temporarily be detained. 
 
The SS 876 00 10 test is a full-scale test performed on a complete mattress in a heat 
release calorimeter equipment. A schematic description of the test procedure is given 
here. 
 
Before the test the mattress is conditioned in a controlled environment to reach steady 
conditions concerning moisture. The mattress is then placed on a steel bed frame placed 
on a weighing platform under a large smoke exhaust hood, see Figure 1. The exhaust 
hood is connected to a measurement duct where heat release rate and smoke production 
rate are monitored continuously. The heat release rate is measured by analysing of the 
oxygen consumption and the carbon dioxide production together with the gas flow rate. 
Smoke production is measured by light extinction using a light source and photo detector 
system with the light beam shining through the smoke. 
 
The test starts with a 30 kW square ring propane burner being applied at the centre of the 
mattress, 25 mm above its surface see Figure 2. After 120 s the burner is removed and the 
test continues at least two minutes after all visible flaming and smouldering has ceased. 
During the test visual and video camera documentation is made. 
 
The 30 kW burner is designed to approximately resemble a crumpled up newspaper or a 
pile of bedding clothing burning for two minutes. 
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In order to pass the test the mattress must fulfil all of the following criteria: 
 
• The total smoke production shall not be greater than 50 m2. 
• The maximum (peak) heat release rate shall not be above 85 kW (including the effect 

from the gas burner). 
• No visible flaming or smouldering may persist more than three minutes after the 

removal of the burner. 
 

 

 
 
Figure 1.  Schematic view of the SS 876 00 10 test set-up. 
 
 

 
 
Figure 2.  Photograph of full-scale test in accordance with SS 876 00 10. 
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3 Fire tests 
 
Five mattresses which met the requirements of the FTP Code, Part 9 were tested in full 
scale at SP in accordance with the fire test procedures of SS 876 00 10. The mattresses 
were chosen, after discussion with the main passenger ship operators in Sweden, in order 
to be representative with the mattresses used presently on board passenger ships. 
 
In addition, one flexible foam mattress denoted FFM4 were included in the tests as this 
type mattress is used as part of the fire source for the cabin and corridor and public space 
tests described in IMO Resolution A.800(19)3. These tests are used for evaluating 
“equivalent” sprinkler systems, i.e. water mist systems for accommodation spaces on 
board ships. The mattress is made from non-fire retardant polyether foam having a 
nominal density of 35 kg/m3, with a non-fire retardant treated cotton fabric, having a 
nominal area weight of 145 g/m2. This mattress has been not classified according to FTP 
Code, Part 9 and it is assumed not to fulfil the requirements. 
 
Table 1.  The flexible foam mattresses (FFM) used in the tests. 
 

 FFM1 FFM2 FFM3 FFM4 
Type Flexible foam 

mattress 
Flexible foam 

mattress 
Flexible foam 

mattress 
Flexible foam 

mattress 
Filling Fire retardant 

flexible foam 
Fire retardant 
flexible foam 

CMHR foam Non-fire 
retardant 

polyether foam 
Size [cm]     
Length 200 200 200 200 
Width 80 80 80 80 
Thickness 12 12 10 10 
Weight [kg] 8,39 11,6 5,60 5,77 
Fabric     
Type 100 % cotton 

treated with a 
flame retardant 

100 % cotton 
treated with a 

flame retardant 

Synthetic fabric 100 % cotton 

Area weight 
[g/m2] 

225 225 195 ~145 

Notes: -- -- -- 1) 
1)  This mattress type is regularly used for IMO A.800(19) fire tests for “equivalent” sprinkler 

systems at SP. 

                                                      
3 Resolution A.800(19), “Revised guidelines for approval of sprinkler systems equivalent to that 
referred to in SOLAS Regulation II-2/12”, International Maritime Organisation, London, United 
Kingdom, December 14, 1995 
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Table 2.  The spring mattresses (SM) used in the tests. 
 

 SM1 SM2 
Type Spring mattress Spring mattress 
Filling Spring core Spring core with  

100% polyester 
fibres and 

CMHR 
polyurethane 

foam 
Size [cm]   
Length 200 200 
Width 85 80 
Thickness 13 12 
Weight [kg] 11,7 9,20 
Fabric   
Type 100 % cotton 

treated with a 
flame retardant 

Synthetic fabric 

Area weight 
[g/m2] 

225 -- 

Notes: 2) 3), 4) 
2) With overlay mattress, size 200 cm by 85 cm by 2,5 cm. Weight: 1,36 kg. 
3) With overlay mattress, size 200 cm by 80 cm by 4,5 cm. Weight: 2,87 kg. 
4) The area weight of the fabric was not measured. 

 

3.1 Results 
 
The test results are graphically presented in Figure 3 through Figure 4 and Table 4 and 
Table 5. The figures show the measured heat release rates and smoke production rates 
respectively for the six tested mattresses. It is clear that the two mattresses denoted FFM4 
and SM2 burned with high heat release and smoke production while the other four 
showed better fire behavior. Mattress FFM3 developed some but limited heat and smoke 
while FFM1, FFM2 and SM1 gave almost no contribution to the fire. Note that the burner 
heat release rate of 30 kW is included in the graphs in Figure 3. 
 
Photographs from each test together with some visual observations can be found in Figure 
5 through Figure 20 
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Figure 3.  Heat Release Rates from fire tests on Flexible Foam Mattresses (FFM) and 
Spring Mattresses (SM). The burner effect is included in the graphs and the 
application of the burner on mattresses was made at time = 1 minute. The gas 
burner was removed at time = 3 minutes. 
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Figure 4.  Smoke Production Rates from fire tests on Flexible Foam mattresses (FFM) 
and Spring Mattresses (SM). 
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Table 4 below summarizes the calculated test parameters and the corresponding criteria 
of the SS 876 00 10 standard. An explanation of the parameters is given below. The 
resulting classification (Pass/Fail) is given in Table 5 together with existing IMO 
classification of the mattresses. It can be noted that out of five IMO approved mattresses 
two did not meet the requirements of the SS 876 00 10 standard. 
 
Table 3.  The evaluation parameters used in the tests. 

 
 
Parameter 
 

 
Explanation 

Peak Heat Release Rate [kW] Peak Heat Release Rate between the start of the test and the end 
of the test, including the contribution from the ignition source. 

Total Heat Release [MJ] Total Heat Release from the start of the test until the end of the 
test, included contribution from the ignition source (integral of 
the Heat Release Rate curve). 

Peak Smoke Production [m2/s] Peak Smoke Release Rate between test start and end of test. 

Total Smoke Production [m2] Total smoke production from test start until end of test, (integral 
of the smoke production rate curve) 

Total mass loss [kg] Mass at start of test minus the mass of the residuals at the end of 
test. 

After-flame time [s] Time at which all flaming and glowing combustion have ceased 
 
Table 4.  Summary of test results from the mattress fire tests. 
 
 Peak Heat 

Release 
Rate 

(kW) 1 

Total 
Heat 

Release 
(MJ) 1 

Peak Smoke 
Production 

(m2/s) 

Total Smoke 
Production 

(m2) 

Total 
mass 

loss (kg) 

After-
flame 

time (s) 

Droplets 

FFM1 36 4,8 0,14 7,6 0,05 <30 No 
FFM2 37 5,1 0,18 26 0,10 130 Yes 2 
FFM3 71 6,5 1,7 110 0,15 90 No 
FFM4 500 133 4,3 940 5,2 630 Yes 3 
SM1 35 4,5 0,12 8,1 0,06 <5 No 
SM2 594 122 12 2700 6,2 >600 Yes 3 
Criteria in 
SS 876 00 10 

85 -- -- 50 -- 180 -- 

1)  The values include the gas burner effect of 30 kW, except for FFM4 and SM2 where the peak 
occurred after the burner was removed. 

2)  Non-burning droplets observed from the underside of the mattress. 
3)  Burning droplets observed from the underside of the mattress. 
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Table 5.  Resulting classification of the tested mattresses. 
 
 Classification 

IMO 687 
Classification 
SS 876 00 10 

FFM1 Pass Pass 
FFM2 Pass Pass 
FFM3 Pass Fail 1 
FFM4 Fail Fail 2 
SM1 Pass Pass 
SM2 Pass Fail 2 
1)  Failed on the Smoke Production criteria. 
2)  Failed on all three criteria; the Peak Heat Release Rate, the Total Smoke Production and the 

After-flame time. 
 

3.2 Photos from the tests 
Photos taken during and after each test are presented in Figure 5 through Figure 20. Some 
visual observations are given in the figure texts. 
 

 
Figure 5. FFM1 during the test. No visible flame 
spread beyond the burner flames. 

 
Figure 6. FFM1 after the test. The fabric has charred 
and the foam has melted to about half the thickness of 
the mattress. 

 
Figure 7. FFM2 during the test. No visible flame 
spread beyond the burner flames. 

 
Figure 8. FFM2 just after burner removal. Small flames 
persisted for a minute in the foam. 
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Figure 9. FFM2 after the test. Non-burning droplets 
of melted foam from the underside of the mattress. 

 

  

 
Figure 10. FFM3 during the test. Foam and fabric 
was burning close to the burner. Burning droplets 
dripped from the underside of the mattress. 

 
Figure 11. FFM3 after the test. Flames were out 
immediately after the removal of the gas burner. 
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Figure 12. FFM4 during the test. Rapid flame spread 
in the foam and fabric was observed. 

 
Figure 13. FFM4 during the test. Fire spreads until the 
whole mattress is burning. Burning droplets dripped 
from the underside but only a limited pool fire was 
formed on the floor. 

 
Figure 14. FFM4 after the test. The mattress was 
totally consumed by the fire. 

 

  

 
Figure 15. SM1 during the test. No visible flame 
spread beyond the gas burner. 

 
Figure 16. SM1 after the test. The overlay mattress has 
burnet through and the spring mattress was damaged. 
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Figure 17. SM2 during the test. The overlay mattress 
has burnt through and the fire catches in the spring 
mattress. 

 
Figure 18. SM2 during the test. The fire spreads inside 
the spring mattress and burning droplets appear, 
forming a pool fire on the floor. 

 
Figure 19. SM2 during the test. The fire spreads until 
the whole mattress is burning. Large amounts of 
burning droplets create a substantial pool fire on the 
floor. 

 
Figure 20. SM2 after the test. The mattress has been 
completely consumed by the fire. 
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4 Discussion 
 
SP Fire Technology has carried out full-scale fire tests on six mattresses, five of which 
are approved according to SOLAS regulations for use on passenger ships, i.e. FTP Code 
Part 9. The full-scale test followed a recently adopted standard for fire safety of 
mattresses in health-care applications, SS 876 00 10. Two of the approved mattresses 
failed according to the full-scale criteria, one due to too high smoke production and one 
due to too high heat release and smoke production. The other three mattresses showed 
good fire performance and two of them present a very high level of fire safety.  
 
One of the mattresses that failed the test produced heat release rates in the order of almost 
600 kW within seven minutes, an effect that constitutes a considerable hazard if the fire 
occurs in a confined space such as a cabin. This mattress would create flashover in a 
small cabin almost by itself and the amount of smoke from it could cause hazardous 
conditions when spreading to adjacent cabins or corridors. 
 
The two-minute 30 kW ignition source may be considered rather intense but it is not 
unrealistic. A fire starting in a crumpled newspaper or synthetic clothing will without 
doubt create similar effects4. The mattress also constitutes a large fire hazard in case of a 
fire starting elsewhere in a compartment. 
 
The test results clearly show a fire hazard that is not identified by the regular IMO 
mattress test and it is therefore recommended to look further into applying stricter 
requirements on mattresses on board passenger ships. A first approach could be to use the 
full-scale SS 867 00 10 standard with its acceptance criteria. The tests also clearly show 
that there are mattresses on the market which provide a very high level of fire safety and 
improved protection against arson. 
 
Finally, it can be concluded that the flexible foam mattress denoted FFM4 that is used as 
part of the fire source when testing “equivalent” sprinkler systems according to IMO 
Resolution A.800(19) did not meet the criteria of SS 867 00 10. This was expected as the 
mattress is made from non-fire retardant polyether foam. However, based on the other 
results reported here the fire characteristics of the mattress are not unrealistic. 
 

***** 

                                                      
4 Ohlemiller, T. J., Flammability Tests of Full-Scale Mattresses: Gas Burners versus Burning 
Bedclothes, NISTIR 7006, National Institute of Standards and Technology, July 2003, USA  
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Appendix D 
 
The active smoke control system for the 
accommodation areas 
 

1 Introduction 
 
This Appendix summarizes the CFD calculations used for the design of the active 
(mechanical) smoke control system for the passenger accommodation spaces on board the 
DESSO ROPAX. 
 
The main objective of the active smoke control system is to keep the escape routes, i.e. 
the corridors and the stairwells, sufficiently free from smoke in order to provide 
conditions for safe escape for passengers as well as to facilitate manual fire-fighting. The 
general principles of a possible smoke extraction are outlined in chapter 2.5 in the main 
body of report. In this appendix a case study is made for an isolated part of the 
accommodation area in order to visualize the extraction principle and to investigate 
required capacities. The case selected is an idealized corridor with a single cabin on fire 
with an open door. 
 
The simulations were made using the Computational Fluid Dynamics software FDS, 
which is described in Appendix B of the report. 
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2 Simulation set-up and conditions 
 
The set-up of the corridor and cabin scenario is simplified in order to capture only the 
essential features. All cabins are assumed to be closed except for the cabin with the fire, 
where the door is assumed to be open to simulate worst case conditions. No ventilation is 
simulated except the forced smoke extraction. The doors to the stairways are open during 
the smoke evacuation and an overpressure is simulated by providing unlimited access to 
fresh air at atmospheric pressure. 
 
2.1 Geometry and boundaries 
 
The cabin and the corridors have the following geometrical dimensions: 
 
Cabin 
Depth: 4,4 m 
Width: 2,9 m 
Height: 2,4 m. 
 
The floor area of the cabin corresponds to 12,8 m2 minus the area of the lavatory unit 
(2,0 m2), i.e. 10,8 m2 and the associated volume is approximately 26 m3. 
 
Corridor 
Length: 38,0 m 
Width: 2,6 m 
Height: 2,4 m 
 
The floor area of the corridor corresponds to 98,8 m2 and the associated volume is 
approximately 237 m3. A small volume (7,0 × 2,0 × 5,0 m) of each stairwell is included at 
the corridor ends to visualize any smoke escaping from the corridor, see Figure 1. 
 
The boundaries of both the corridor and the cabin were modeled as non-combustible 
boards with physical properties similar to gypsum boards. 
 
Figure 1 shows an overview of the cabin-corridor configuration. 
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Figure 1.  Overview of the cabin-corridor fire scenario. The fire starts in the bunk bed of 

the cabin. 
 

2.2 Fire scenarios 
 
The baseline for the calculation is the assumption that a fire starts in one of the centrally 
positioned cabins on Deck 5. The fire is also assumed to start in, or at least initially 
involve, the bedding material and the mattress in one of the Pullman type berths inside 
the cabin, see Figure 1. 
 
Under normal conditions, a fire starting inside a cabin will be detected by the fire 
detection system and fought manually, alternatively if it grows larger, the sprinkler 
system (in the case of the DESSO ROPAX a high-pressure water mist system) will 
automatically activate and limit its size. 
 
The size of the fire and the smoke spread will also be limited by the compartment effects 
due to the cabin itself. The door to the corridor is usually closed by the automatic door 
closer. 
 
For the calculation, the following assumptions were made: 
 
• The doorway between the cabin and the corridor is fully open. 
• The fire is detected by the smoke detectors in the corridor and the active smoke 

control system is started. 
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Due to the reasons given above, three different fire scenarios are used for the calculation: 
 
1) A fire that is not suppressed, nor controlled by the sprinkler system. 
2) A fire that is controlled1 by the sprinkler system. 
3) A fire that is suppressed2 by the sprinkler system. 
 
The activation time and the associated Heat Release Rate at the activation of the sprinkler 
system were not calculated. Rather, it was based on experience from similar tests 
conducted at SP. 
 

2.3 The conceptual design of the active smoke control 
system 

 
The philosophy of the active smoke control system for the accommodation spaces is that 
smoke should be extracted from the escape routes, i.e. the corridors, in order to keep them 
sufficiently free from smoke and toxic gases. Stairway enclosures and surrounding areas 
should be kept under overpressure by the ventilation supply air system in order to prevent 
smoke from spreading to these areas. 
 
The extraction of smoke from the corridors should be made by a dedicated ventilation 
system. The system is made relatively simple with a single, vertical ventilation shaft 
serving accommodation spaces on each of the decks. For every deck, a horizontal duct 
with a fire damper is connected to the shaft. Under normal conditions, all fire dampers are 
closed and the smoke extraction fan(s) are off. During fire conditions, the fire damper at 
the correct deck level is opened and the fan(s) are started. The ventilation system would 
only serve one main vertical zone, which would make any unwanted smoke spread to 
other fire zones impossible. 
 
The exhausts are placed at the ceiling in order to have the best effect, since hot gases are 
concentrated at the ceiling. In addition, a high placement decreases the amount of fresh 
air that is extracted. Two exhausts, positioned at either end of the corridor are used. 
 
For provision of replacement air and over-pressurization, the ordinary HVAC system 
ducts and fans should be used. In order to provide replacement air for the area where the 
smoke extraction system is started, air is distributed through both the supply and the 
exhaust ducts. This is also the technique used for the over-pressurization of the adjacent 
spaces. In the simulations the over-pressurization is not simulated but the stairwells are 
assumed to have an unlimited supply of fresh air. 

                                                      
1 Fire control is defined as “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” in the 2003 edition of NFPA 750, Standard on Water Mist Fire 
Protection Systems. 
 
2 Fire suppression is defined as “The sharp reduction of the rate of heat release of a fire and 
preventing of regrowth” in the 2003 edition of NFPA 750, Standard on Water Mist Fire Protection 
Systems. 
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3 Simulation cases 
 
Three different cases were studied, according to the definition of fire scenarios above. 
 
Table 1.  Description of the simulation cases. 
 
Case no Fire Ventilation (extraction) 
1a Free burning fire 

 
8 m3/s from two vents 

1b Free burning fire 4 m3/s from two vents 

2a Fire controlled by the 
sprinkler system 

8 m3/s from two vents 
 

2b Fire controlled by the 
sprinkler system 
 

4 m3/s from two vents 

3  Fire suppressed by the 
sprinkler system 
 

4 m3/s from two vents 

 
The heat release rate curves for each case are shown in Figure 2. 
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Figure 2.  Heat release rate curves for the different fire scenarios. 
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4 Simulation results 
 

4.1 Case 1 - free burning fire 
 
In this case the fire was allowed to burn freely at 1 MW and two different total extraction 
rates were tested, i.e., 4 m3/s and 8 m3/s, respectively.  
 
The initial fire development and smoke spread are identical for all cases. Figure 3 shows 
the smoke spread from the burning cabin to the corridor after 40 seconds. Note that the 
visualisation of the black smoke is not a measure of the predicted visibility but rather a 
useful way of representing smoke gas spread. For assessment of visibility see the graphs 
in Figure 5. 
 
Figure 4 and Figure 5, show the smoke spread and visibility levels, respectively, in the 
two cases at t = 5 min, a stage when the fire and flows have developed into a fairly 
steady-state condition. From the figures it is clear that the lower extraction rate of 4 m3/s 
is insufficient to control the smoke gases within the corridor section and smoke will flow 
into the stairwells and quickly spread to other parts of the ship. This constitutes a great 
risk for evacuating passengers. In the case of the higher extraction rate (8 m3/s) no, or 
very little, smoke will enter the stairwells. 
 
When comparing visibility between the two cases there is a considerable difference in the 
conditions through which passengers have to escape. For the lower extraction rate the 
low-visibility smoke gas layer almost reaches the floor while for the higher rate the 
conditions are much more favourable. This fact, together with the discussion above, 
suggest that 8 m3/s is a reasonable extraction rate for this specific cabin-corridor scenario. 
 
 

 
Figure 3.  Smoke spread 40 seconds after the start of the fire. The fire effect is about 

70 kW and the smoke extraction is now activated. 
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1 MW fire, extraction rate = 4 m3/s 

 

1 MW fire, extraction rate = 8 m3/s 

 
Figure 4.  Smoke spread after 5 minutes with two different extraction rates, the heat 

release rate of the fire is 1 MW and the conditions are fairly steady-state. 
 

1 MW fire, extraction rate = 4 m3/s 

  
1 MW fire, extraction rate = 8 m3/s 

 
Figure 5.  Visibility levels after 5 minutes with the two different extraction rates, the heat 

release rate of the fire is 1 MW and the conditions are fairly steady state. The 
legend indicates visibility in meters. 
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4.2 Case 2 - fire controlled by the sprinkler system 
 
For this case, the fire is controlled by the water mist system and therefore never reaches 
beyond 300 kW. It is evident from the analysis of case 1 that an extraction rate of 8 m3/s 
is sufficient for all fire effects below 1 MW. However, the lower extraction rate of 4 m3/s 
was also simulated and Figure 6 shows that this rate is barely sufficient to keep the smoke 
within the corridor of fire origin. 
 

300 kW fire, extraction rate = 4 m3/s 

 
300 kW fire, extraction rate = 4 m3/s 

 
Figure 6.  Smoke spread and visibility levels after 5 minutes with a sprinkler controlled 

fire of 300 kW at fairly steady state conditions. The legend indicates visibility in 
meters. 

4.3 Case 3 - fire suppressed by the sprinkler system. 
 
For this case, the fire is assumed to be completely suppressed by the water mist system. 
The analysis in the two sections above, confirms that both extraction rates, 8 m3/s and 
4 m3/s, will be sufficient to handle the smoke gases for this case. 
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5 Conclusions 
 
Several case studies have been performed, using computer simulations, to investigate the 
ability of an active (mechanical) smoke control system to adequately control smoke in the 
passenger accommodation area on the DESSO ROPAX. The cases studied include a 
burning cabin with a connecting 40 m long corridor. Several different fire scenarios have 
been considered with a free-burning 1 MW fire as the main dimension case. 
 
The simulations have shown that the smoke gases from a 1 MW cabin flashover fire can 
be controlled via two extraction vents in the corridor ceiling with a total capacity of 
8 m3/s. No smoke will escape from the corridor of fire origin to the adjoining stairwells 
and the visibility and conditions in the corridor will allow for fast evacuation and rapid 
manual fire-fighting efforts. 
 
Smaller fires, e.g. fires controlled or suppressed by the water mist fire protection system, 
will also be handled in a similar or better manner than the design case 1 MW. 
 
The quantitative extraction rates used in this study apply only to this specific scenario and 
fire magnitude but the general philosophy can be extended to apply for all 
accommodation spaces. 
 

***** 
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