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1 ABSTRACT 

Early detection of fire and quick activation of the fire extinguishing system are often considered as the main 

keys to successful fire management, allowing to prevent loss of life and damage to the ship and cargo. 

This report presents a Formal Safety Assessment on detection and on decision of extinguishing system 

activation following a ro-ro space fire incident on any ro-ro passenger ship.  

The safety level was estimated for three generic ships representing the world fleet of RoPax ships (Cargo, 

Standard, and Ferry RoPax) and a cost-effectiveness assessment was performed on six Risk Control 

Options (RCO), taking into account potential differences between newbuildings and existing ships. 

From a detection perspective, only the RCO Combined smoke and heat detection was found cost-effective 

for Standard and Ferry newbuildings (but not for existing ships). 

From a decision perspective, the RCO Improved markings/signage for way-finding and localisation and 

Alarm System Design & Integration met the cost-effectiveness criteria on all three generic ships, except for 

the Existing Cargo RoPax ships for the latter RCO. The RCO Preconditions for Early Activation of Drencher 

System was found cost-effective for Standard and Ferry RoPax ships. 
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2 EXECUTIVE SUMMARY 

Early detection of fire and quick activation of the fire extinguishing system are often considered as the main 

keys to successful fire management, allowing to prevent loss of life and damage to the ship and cargo. New 

means for early detection and for quick decision-making of extinguishing system activation are investigated 

in this report. These aspects were not investigated into detail in the previous FIRESAFE study, where they 

were judged and considered in the same node of the risk model: early decision for activation. 

The main objective of FIRESAFE II was to improve the fire safety of ro-ro passenger ships by cost-efficient 

safety measures reducing the risk of ro-ro space fires, with an aim to discuss specific proposals for rule 

making. In Part 1 of the study, reported here, the objective was to identify a range of risk control options 

(RCOs) and to assess the ones most likely to be cost efficient in relation to fire detection as well as to the 

decision to activate the fire-extinguishing system. 

The study considered open ro-ro spaces, closed ro-ro spaces as well as weather decks, for both 

newbuildings and existing ships. 

The Formal Safety Assessment (FSA) methodology was followed, as described in the Guidelines 

MSC-MEPC.2/Circ.12/Rev.2. The FSA is a structured and systematic methodology aimed at enhancing 

maritime safety and consists of the following five steps: 

¶ Step 1: Hazard identification; 

¶ Step 2: Risk analysis; 

¶ Step 3: Risk control options; 

¶ Step 4: Cost-effectiveness assessment; and 

¶ Step 5: Recommendations for Decision-Making. 

In order to perform the investigation of fire detection and decision of extinguishing system activation in line 

with the FSA methodology, a review of regulations and current practices concerning fire detection systems 

and the decision-making processes was also first conducted. 

To consider the diverse world fleet of RoPax ships in the study, three generic categories of ships were 

defined based on a lane metre to passenger capacity ratio: 

¶ Ferry RoPax, represent RoPax ships or ferries with focus on carriage of passengers but which can 

also carry cargo similar to a Standard RoPax. These ships typically only have closed ro-ro spaces 

or mainly closed ro-ro spaces and a small weather deck; 

¶ Standard RoPax, represent the RoPax ships with focus on both carriage of cargo and of passengers. 

These vessels typically have each of the three types of ro-ro spaces: closed ro-ro spaces, open ro-

ro spaces and weather decks. The size of the weather deck/s is generally medium to large within 

this category; and 

¶ Cargo RoPax, represent RoPax ships with focus on carriage of cargo and basically have a 

passenger capacity just enough to carry the number of drivers necessary to load the ro-ro spaces 

with accompanied trailers. These vessels typically have closed ro-ro spaces and large weather 

deck/s. 

Both hazards that have materialized in the past and those that have not been experienced (yet) were 

identified through analytical and creative techniques to produce a list of hazards relevant to detection failure 

and decision failure. 

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

¶ The detection system is often deactivated during loading and discharging as well as during 

maintenance operations. This often implies deactivation of many or all ro-ro spaces; 

¶ It is difficult to detect the fire at its early stage of development if the fire develops inside cargo or a 

vehicle; 

¶ The environment in ro-ro spaces is quite harsh, and it is not uncommon that dirt, salt, exhaust fumes 

etc. clog the detectors; 
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¶ The detection system alarm panel can be illogical (confusion regarding the detection frame number, 

detection section, drencher section, Closed-Circuit Television (CCTV) numbering, etc.) which could 

imply delayed first response and delayed extinguishing system activation; 

¶ No detection system is required for weather deck; 

¶ The frequency of fire patrols is undefined and generally quite low; 

¶ The accessibility within ro-ro spaces is very limited, which makes manual detection and fire 

localisation difficult; and 

¶ Many false alarms reduce the motivation of crew to quickly attend to alarms. 

For decision of extinguishing system activation, some notable results from the hazard identification were: 

¶ Alarm system management (e.g. information presentation, coherence, noise levels); 

¶ Runner deployment (e.g. speed of deployment); 

¶ Way finding, localisation and relevant support (e.g. familiarity, markings, signage); 

¶ Assembly of key decision-makers (e.g. availability); 

¶ Resource management on the bridge (e.g. competing goals/processes, fire management in relation 

to regular operations); 

¶ Drencher activation mandate (including hierarchy, blame culture); 

¶ Assessment of fire characteristics, environment and fire spread; 

¶ Ventilation management (smoke removal vs. supply of more oxygen to the fire); 

¶ Maintenance of knowledge and competence (e.g. realism in training); and 

¶ Communication issues (between bridge, fire scene, drencher station, engine room). 

The definition of Early/Late Decision has remained the same as in FIRESAFE. ñEarlyò and ñLateò decision 

should be understood in relation to the fire growth rate. ñEarlyò means that the Decision to activate the system 

has been taken early enough to have a chance to extinguish the fire. ñLateò means that the fire is already 

quite developed, and that it is too late to have a chance to extinguish it. However, the fire can still be 

suppressed upon system activation. In FIRESAFE, the Early/Late Decision concept included fire detection, 

but in FIRESAFE II it was considered separately. 

The new concept introduced for Early/Late detection is related to whether it is possible to successfully 

perform first response and extinguish the fire in its initial stage. The criterion for ñEarlyò detection is that the 

Available Time for Safe First Response (the time available until conditions become untenable around the 

fire, disallowing first response) is longer than the Required Time for Safe First Response (the time to detect 

the fire and to set up all actions for first response). Otherwise, the detection is considered to be too late to 

be able to extinguish the fire at its initial stage (for example with a hand-held fire extinguisher), based on that 

this cannot be done safely. 

A review and update of the main fire risk model was made based on the above updated definitions. This led 

to the introduction of dedicated branches in the event tree for Detection, First response, and Decision. 

Dedicated fault trees were developed focusing on the main hazards identified during the Hazard Identification 

(HazId). The trees were quantified to gain an understanding of the impacts on risks and to investigate in 

further detail the important causes and initiating events of the accident scenarios identified. This allowed 

quantification of the contributing detection failures as well as to calculate the overall detection failure rate. In 

order to consider the different types of ro-ro spaces, different trees were developed and quantified by 

investigation of available failure data, fire simulations and expert judgement, in case none of the previous 

options were available. A similar exercise was performed for Decision fault tree. 

The main fire risk model and the associated sub-models were developed in such a way that it is possible to 

assess, in quantitative values, the consequences of additional preventing and mitigating measures 

addressing the risks of detection and decision failures. 

For the detection part, a range of Risk Control Measures (RCM) was identified based on the hazards 

identified in previous steps and on proposals of RCMs identified in former projects. All the measures 

presumed an existing fire and were classified as mitigating, rather than preventive. The RCMs were ranked 

by experts with regard to risk reduction potential and estimated costs. Some of these RCMs were considered 
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as ñlow hanging fruitò, meaning RCMs with low estimated cost that do not necessitate further evaluation and 

which can be recommended as voluntary measures to reduce the risk. 

Based on the ranking and on the high-risk areas needing control in the fault tree, the RCMs with the highest 

potential were judged to be: 

¶ Combined smoke and heat detection; 

¶ Fibre optic linear heat detection (for open and closed ro-ro spaces); 

¶ Ban / closure of side (Portside & Starboard) openings (open ro-ro spaces); 

¶ Increased frequency of fire patrols; 

¶ CCTV covering all decks; 

¶ Thermal imaging cameras on weather decks; 

¶ Flame detection on weather decks; 

¶ Better addressability; 

¶ Detector drone or camera on rail; and 

¶ Additional detection means in Alternatively Fuelled Vehicles areas. 

Three of the above RCMs were selected as Risk Control Options (RCOs) for further quantitative cost-

effectiveness analysis, based on their perceived cost-effectiveness, Technology Readiness Level (TRL), and 

availability: 

¶ Combined smoke and heat detection: A review of the regulations and common practices showed 

that smoke detection is often the only means for fire detection used in ro-ro spaces. However, the 

review of previous accidents and the HazId showed that heat detection could provide a way to detect 

some types of fire earlier and an alternative way of detecting a fire when smoke detectors are 

deactivated during loading and discharging of the decks. Combined point heat and smoke detectors 

were investigated to replace conventional smoke detectors; 

¶ Ban / closure of side (Portside & Starboard) openings (open ro-ro spaces): Heat and smoke 

movements are affected by the airflow and hence by the gusts coming from the side openings. This 

results in increased detection times, and in case the fire is close to an opening it can remain 

unnoticed for a long time. Closing the side openings of open ro-ro spaces was investigated for 

existing ships and the ban of open ro-ro spaces was considered for newbuildings; and 

¶ Increased frequency of fire patrols: Many fires are caused due to electrical problems, which often 

means overheated components or cables and a long incipient phase with smouldering fire. These 

may produce too little smoke to be detected by the smoke detectors. However, if passing through 

the space, fire patrols are more likely to give early detection of incipient fires compared to automatic 

fire detection systems. An increased frequency of fire patrols would imply an increased probability 

of a patrol passing the fire during the incipient phase and thus a higher probability of early detection. 

A half-hour interval between fire patrols was investigated in this study. 

For the decision part, the hazards identified in previous steps and feedback collected from crew members 

revealed a number of conditions that may have profound impacts on early decision of extinguishing system 

activation. A wide range of Risk Control Measures was listed and this list was narrowed down to focus on 

the Risk Control Measures that are directly related to decision-making, as defined in FIRESAFE II. All the 

measures that have a too low TRL were discarded before the preliminary assessment and the measures left 

were structured into 6 realistic and self-sufficient RCMs: 

¶ Alarm System Design & Integration; 

¶ Improved markings/signage for way-finding and localization; 

¶ Technical aids for fire identification and monitoring; 

¶ CCTV system for fire identification and monitoring; 

¶ Spacing of cargo for accessibility; and 

¶ Preconditions for Early Activation of Drencher System. 

These RCMs were ranked by experts with regard to risk reduction potential and estimated costs. Based, on 

this ranking, three risk control options were selected for further quantitative cost-effectiveness analysis: 

¶ Alarm System Design & Integration: Reviews and interviews made within FIRESAFE II have shown 

that alarm systems and their interfaces are often lacking both in terms of the information they offer 
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and how this information is presented to the user. A lack of relevant and immediately accessible 

information can cause severe delays in decision-making, allowing the fire to expand, thereby 

creating an even more difficult operative situation. This RCO considers an alarm system that fully 

supports fire incident decision-making, as well as other resources on the bridge relevant for fire-

related decision-making designed to provide immediate, precise and accessible information to 

support the localisation of a fire; 

¶ Improved markings/signage for way-finding and localization: A common response in the event of a 

fire alarm is to send a runner to the point of detection with the task of confirming or disconfirming the 

existence of a fire. Crew familiarization plays a part in this task, as well as the tightly packed ro-ro 

space environment. Furthermore, given that the situation might be stressful, runners may sometimes 

have difficulties in determining their exact location, which is important information to the bridge e.g. 

for drencher activation. This RCO investigates the impact of improved signage and markings in the 

ro-ro space supporting wayfinding and orientation in case of fire. They shall be designed for easy 

identification and interpretation by a variety of users representing normal individual variations; and 

¶ Preconditions for Early Activation of Drencher System: Studies within FIRESAFE II have shown that 

there will often be a reluctance towards drencher activation among the crew, either because of a 

lack of decision mandate, unfamiliarity with the drencher system and drencher room environment, 

or fear of any negative consequences that could be the result of faulty activation. This RCO consists 

in the inclusion of the early activation of the drencher system in fire management procedures while 

also ensuring that a large portion of the crew has the knowledge and mandate for drencher 

activation, without fear of negative consequences for the individual crewmember. 

The estimated risk reduction effect of the above RCOs were quantified by investigation of available failure 

data, fire simulations and expert judgement, in case none of the previous options were available. By applying 

each of the risk control options to the risk model (event tree), the risk reduction of all selected RCOs was 

calculated. 

Costs for the implementation of these RCOs were estimated. Technical items available on the market were 

as far as possible quantified by system supplier offers. In addition, cost estimations were based on existing 

costs for material from ship operatorôs internal projects, specifications, reconstructions, etc. The main 

component systems of each RCO were identified and respective costs were estimated. For any operational 

RCOs, manning and training costs were used based on ship operatorôs experience. Other cost items 

affecting for example operations were included in the quantification when necessary. 

The cost-effectiveness criteria were updated. A RCO was considered cost-effective if the Gross Cost of 

Averting a Fatality (GCAF) is below ú7 M. A RCO was also considered cost effective if the Net Cost of 

Averting a Fatality (NCAF), accounting for the economic benefits of the RCO, is below ú7 M. 

The findings of the cost-effectiveness assessment is summarised in the below table. 
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    Newbuildings Existing Ships 

  RCO 
Cargo 
RoPax 

Standard 
RoPax 

Ferry 
RoPax 

Cargo 
RoPax 

Standard 
RoPax 

Ferry 
RoPax 

Detection 

Combined heat & 
smoke detection 

Not cost-
effective 

Cost-
effective 

Cost-
effective 

Not cost-
effective 

Not cost-
effective 

Not cost-
effective 

Ban / closure of 
side (PS & SB) 
openings (open ro-
ro spaces) 

Not 
applicable 

Not cost-
effective 

Not 
applicable 

Not 
applicable 

Not cost-
effective 

Not 
applicable 

Increased 
frequency of fire 
patrols 

Not cost-
effective 

Not cost-
effective 

Not cost-
effective 

Not cost-
effective 

Not cost-
effective 

Not cost-
effective 

Decision 

Alarm System 
Design & 
Integration 

Cost-
effective 

Cost-
effective 

Cost-
effective 

Not cost-
effective 

Cost-
effective 

Cost-
effective 

Improved markings 
for wayfinding and 
localisation 

Cost-
effective 

Cost-
effective 

Cost-
effective 

Cost-
effective 

Cost-
effective 

Cost-
effective 

Preconditions for 
Early Activation of 
Drencher System 

Not cost-
effective 

Cost-
effective 

Cost-
effective 

Not cost-
effective 

Cost-
effective 

Cost-
effective 

 

The FSA demonstrated that the following RCOs achieved the highest risk reduction in a cost-effective 

manner (ranked from highest to lowest risk reduction): 

¶ For Newbuildings: 

o Regardless of the ship category: 

Á Alarm System Design and Integration; and 

Á Improved markings/signage for way-finding and localization. 

o For Standard RoPax and Ferry RoPax: 

Á Preconditions for Early Activation of Drencher System; and 

Á Combined heat and smoke detection. 

¶ For Existing ships: 

o Regardless of the ship category: 

Á Improved markings/signage for way-finding and localization. 

o For Standard RoPax and Ferry RoPax: 

Á Preconditions for Early Activation of Drencher System; and 

Á Alarm System Design and Integration. 

It should also be noted that the relative risk reductions of the RCOs only take into account the effects of the 

RCOs on the respective Detection and Decision nodes in the main fire risk model. However, any effects that 

the RCOs could have directly on the other main branches of the main fire risk model event tree were 

disregarded which may render cost-effective some RCO that were not in this part (no negative side effects 

expected). These considerations were taken into account in the Combined Assessment part of the 

FIRESAFE II study (EMSA, 2018). 

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

6.1 Scope and Objectives 

The main objective of FIRESAFE II was to improve the fire safety of ro-ro passenger ships by cost-efficient 

safety measures reducing the risk of ro-ro space fires, with an aim to discuss specific proposals for rule 

making. In Part 1 of the study, reported here, the objective was to identify a range of risk control options 

(RCOs) and assess the ones most likely to be cost efficient in relation to fire detection as well as to the 

decision to activate the fire-extinguishing system, considering open ro-ro spaces, closed ro-ro spaces as 

well as weather decks, for both newbuildings and existing ships. 

6.2 Background 

In 2016, EMSA initiated the FIRESAFE study in order to investigate cost-efficient measures for reducing the 

risk from fires on ro-ro passenger ships, with a focus on Electrical Fire as ignition source as well as Fire 

Extinguishing Failure. These areas were considered the greatest risk contributors by the EMSA Group of 

Experts on fires on ro-ro decks. 

The study produced a main fire risk model covering the various stages of a fire incident on a ro-ro space of 

a ro-ro passenger ship, namely: ignition, detection/decision, extinguishment, containment and evacuation. 

In 2017, EMSA initiated the FIRESAFE II study to investigate risk control options for mitigating the risk from 

fires in ro-ro spaces in relation to Detection and Decision (Part 1) as well as Containment and Evacuation 

(Part 2), which are items which were not addressed specifically in FIRESAFE. 

Two additional parts, one focusing on alternative fixed fire-extinguishing systems for ro-ro decks (Part 3), 

and one part focusing on detection systems in open ro-ro spaces and weather decks (Part 4) were also 

included. 

Early detection of fire and quick activation of the fire extinguishing system are often considered as the main 

keys to successful fire management, allowing to prevent loss of life and damage to the ship and cargo. New 

means for early detection and for quick decision-making of extinguishing system activation are investigated 

in this report. These aspects were not investigated into detail in the previous FIRESAFE study, where they 

were judged and considered in the same node of the risk model: early decision for activation. 

In this new study, this specific node was analytically investigated and separated into two main components, 

namely detection and decision. 

6.3 Methodology 

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

followed. 

A summary of the steps detailed in the ñRevised Guidelines for Formal Safety Assessment (FSA) for Use in 

the IMO Rule-Making Processò (IMO, 2018) is provided below: 

¶ Problem Definition: The objective of this task is to clarify the objectives and clearly define the scope 

of the study. This was done through an analysis of the RoPax fleet, of relevant regulations, 

requirements and current practices related to detection and decision. In particular, the problem 

definition leads to the development of generic ships. The details of this task are described in Chapter 

7; 

¶ 1st step: Identification of Hazards: The purpose of this step is to identify relevant hazards to the safety 

matter under consideration. Both hazards that have materialized in the past and those that have not 

been experienced (yet) were identified through analytical and creative techniques. The details of this 

step are described in Chapter 8; 

¶ 2nd step: Risk Analysis: The purpose of this step is to investigate in further detail the causes and 

initiating events of the accident scenarios identified in the 1st step. A main fire risk model and 

dedicated fault trees were developed and quantified for this purpose and are detailed in Chapter 9; 
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¶ 3rd step: Risk Control Options: The purpose of this step is to identify Risk Control Measures and 

propose potential Risk Control Options for reducing the risk. Relevant risk control options are 

selected and their technical specifications and risk reduction potential are further described. The 

details of this step are described in Chapters 10 and 11.  

¶ 4th step: Cost-Effectiveness Assessment: In this step, the RCOs selected in Chapter 10 are analysed 

in a way to facilitate the understanding of the costs and benefits resulting from the potential adoption 

of such RCOs. This results in a ranking of the RCOs from a cost-efficiency perspective. The results 

of this step are provided in Chapter 12; and 

¶ 5th step: Recommendations for Decision-Making. Based on the above tasks, and in particular the 

cost-effectiveness assessment, specific proposals for rule making are discussed. These discussions 

are presented in Chapter 13. 
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7 BACKGROUND INFORMATION 

7.1 Analysis of the RoPax fleet 

7.1.1 Selection criteria 

The objective of FIRESAFE II was to investigate cost efficient measures for reducing the risk from fires on 

ro-ro passenger ships with a view to propose amendments to the relevant regulatory instruments. In this 

regard, only SOLAS compliant ships were of interest for the study. 

Therefore, the world fleet of ro-ro passenger ships were restricted to vessels: 

¶ classed as Passenger/Ro-Ro Ship; 

¶ engaged on international voyages or EU domestic class A; 

¶ gross tonnage equal or greater than 1,000; 

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

¶ Froude number less than 0.51; and 

¶ classed or having been classed by one the IACS members. 

All these criteria, with the exception of the Build Date, are similar to the ones used in FIRESAFE. 

Explanations and justification for these criteria were extensively reported in the FIRESAFE study (EMSA, 

2016). 

7.1.1.1 Build Date  

In FIRESAFE, choice was made to consider only ships which keel was laid on or after 25 May 1980 (date of 

entry into force of the SOLAS 1974). 

Although the SOLAS 1960 is very vague about garage spaces, the concept of horizontal zone was first 

defined properly, together with fire protection measures dedicated to passenger ship garage spaces, by 

Resolution A.122, also known as part H, which was adopted in 1967 by the IMO assembly. 

This Resolution was never formally ratified and therefore remained of voluntary application - but made 

mandatory by a number of Administrations - until these amendments were incorporated in Chapter II-2 of 

the 1974 Convention. In that sense, most ships built according to Part H might be considered as having the 

same safety level as those built according to SOLAS 1974 as acknowledged by the Resolution MSC.24(60) 

(IMO, 10 April 1992). 

For this reason, ships built2 on or after 01/01/1970 were considered in the dataset. 

7.1.2 Analysis of the FIRESAFE II Fleet 

The FIRESAFE II fleet is composed of 842 ships active during the period 1994-2016 and 811 during the 

period 2002-2016. For reference, in FIRESAFE, 490 ships were active during the period 1994-2015 and 488 

during the period 2002-2015. 

In order to gain more insight into the fleet being looked at, the main characteristics investigated in FIRESAFE 

were updated with the new set of data and are reported in the following sections. 

7.1.2.1 Shipyears 

The number of shipyears was calculated for the time between the effective date of entry into IACS class (as 

reported in IHS) or ñstart of the period of studyò, and either one of the following: 

¶ end of the period of study (31/12/2016); 

                                                      

1 To exclude High Speed Crafts. 

2 Build date is described as "Date of Build which in nominally referred to as the actual or expected date of 
delivery for vessels after construction.ò 
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¶ the scrap date or date of loss; or 

¶ the date of withdrawal of IACS class. 

 

Figure 1: Number of shipyears per year for the FIRESAFE II fleet between 2002 and 2016 

Figure 1 shows the number of shipyears per year for the FIRESAFE II fleet between 2002 and 2016. The 

number of shipyears is slightly increasing from 450 shipyears in 2002 to around 490 shipyears in 2016. 

This leads to a total of 7001 shipyears over the period 2002 ï 2016. 

7.1.2.2 Age 

Figure 2 shows the number of shipyears with respect to the age of ships over the period 2002-2016. This 

figure shows a very slight decreasing trend up to around 32 years old, which is the average loss age, then 

the number of shipyears decreases gradually until 46 years old. 

 

Figure 2: Number of shipyears for ships observing the given age during the period 2002-2016 

Figure 3 shows the average age of the fleet for the period 2002-2016. The age of a ship is calculated from 

the 31st of December of each year. 

The average age is slightly increasing from year to year to reach 20 years old in 2016. 
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Figure 3: Average age of the fleet between 2002 and 2016 (+/- one standard deviation) 

In a similar way to FIRESAFE, although the observed increase in the average age of the fleet over the 

investigated period is gentler, it might be argued that the fleet selected is not homogenous and that it affects 

the incident rate. By normalizing the number of accidents for each age with the exposure time (which was 

plotted shown in Figure 2), it was possible to determine the accident frequency as a function of the ship age. 

This was investigated in the paragraph 8.1.2.4. 

Life expectancy (at delivery) over the period 2002-2016 for the ships of the FIRESAFE II fleet was estimated 

to 39.2 years old. 

7.1.2.3 Fleet evolution: gross tonnage 

Figure 4 shows the evolution of the average gross tonnage of the fleet under consideration over the period 

2002-2016. A slight increase can be observed between 2002 and 2012, followed by a slight decrease until 

2016 to reach 21120 GT. This pattern was already observed in FIRESAFE. 

 

Figure 4: Evolution of the average gross tonnage of the FIRESAFE II fleet over the period 2002-2016 
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7.2 Overview of relevant regulations and requirements (detection and 

decision) 

7.2.1 General 

7.2.1.1 Introduction 

7.2.1.1.1 Scope 

This section aims at giving an overview of fire detection requirements applicable in ro-ro spaces of passenger 

ships. 

Based on SOLAS and as detailed in 7.2.2, a fixed fire detection system is required in the ro-ro spaces of 

passenger ships. On ships constructed after 07/2010 this system is to be addressable complying with the 

requirements of FSS Code Ch.9. 

7.2.1.1.2 Applicable regulations 

It is to be noted that the present review is based on the currently applicable regulations. Therefore, some of 

the requirements detailed below may not be applicable on old ships. As an indication, FSS Code Chapter 9, 

dedicated to fixed fire detection systems was fully reviewed through MSC.311(88) and applies to ships the 

keel of which was laid after 01/07/2012. However, only few significant changes in the regulations were 

identified over the last 40 years. A brief summary of the main regulation changes related to fire safety in ro-

ro spaces of passenger ships is provided in Table 1. 

Table 1: Summary of regulation changes 

Adoption 

date 

Application 

date 

Regulation 

change 
Summary 

1974 19803 SOLAS 74 

Introduces the principle of horizontal fire zone for ro-

ro spaces / special category spaces with: 

¶ Structural fire protection 

¶ Fixed fire extinguishing system (ñdrencherò 

type) 

¶ Fixed fire detection system 

2008 2008 MSC.1/Circ.1272 
Allows water-mist fixed fire-extinguishing systems 

Allows automatic release 

2006 2010 MSC.217(82) 
Requires addressable fixed fire detection and fire 

alarm systems on passenger ships 

2010 2012 MSC.311(88) Revision of FSS Code Ch.9 

As a general remark, there are very little specific requirements related to fire detection in Classification and 

Flag Rules. This topic is mainly covered by IMO Regulations and a few IACS texts. Therefore, the review 

was mainly based on the IMO and IACS documents listed in Table 2. 

                                                      

3 It is to be noted that the concept of horizontal fire zone and associated safety measures has actually been 
introduced in SOLAS 60 part H as per IMO resolution A.122(V) dated October 1967. However, the circular 
was never made mandatory and Part H was therefore only applied on a voluntary basis until SOLAS 74 
came into force. Compliance with Part H is formally recognized to be equivalent with SOLAS 74. 
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Table 2: List of documents used for the review of regulations of fire detection requirements applicable in ro-ro 

spaces of ro-ro passenger ships 

IMO 

Documents 

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

Fire Safety Systems (FSS) Code, as amended in 2017 

MSC/Circ.1035 ï Guidelines for the use and installation of detectors equivalent to smoke 

detectors 

MSC.1/Circ.1242 ï Guidelines for approval of fixed fire detection and fire alarm systems 

for cabin balconies 

MSC.1/Circ.1369 ï Interim explanatory notes for the assessment of passenger ship 

systemsô capabilities after a fire or flooding casualty  

MSC.1/Circ.1430 ï Revised guidelines for the design and approval of fixed water-based 

fire-fighting systems for ro-ro spaces and special category spaces, May 31, 2012 

MSC.1/Circ.1437 ï Unified interpretation of SOLAS II-2/21.4 

IACS 

Documents 

UI SC35 rev.3 ï July 2013 ñFixed Fire Detection and Fire Alarm Systemò 

UI SC73 rev.2 ï Nov. 2005 ñFire protection of weather decksò 

UI SC117 rev.2 ï Nov. 2005 ñFire detection system with remotely and individually 

identifiable detectorsò 

UR E22 rev.2 ï June 2016 ñOn Board Use and Application of Computer based systemsò 

Classification 

Rules 

 

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

BV NR598 ñImplementation of Safe Return to Port and Orderly Evacuationò dd. January 

2016 

DNVGL Rules for the Classification of Ships, January 2017 

LR Rules and Regulations for the Classification of Ships, July 2016 

NKK Rules for the Survey and construction of Steel Ships, June 2016 

Flag 

Administration 

Rules 

 

MMF (French Flag Administration) Division 221 ñPassenger ships engaged in international 

voyages and cargo ships of more than 500 gross tonnageò, 04/08/17 edition 

US Coast Guard Code of Federal Regulations (CFR) 46, 2017 online edition 

Swedish Transport Agency (Swedish Flag Administration) ñComments and interpretations 

by the Swedish Transport Agency regarding IMO Conventionsò, version 03 dd.15/05/2017 

MCA (UK Flag Administration) Guidance on SOLAS Ch.II-2 
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7.2.1.1.3 Regulation mapping 

Specific attention was given to the ñfire detection failureò branch of tier 2 ï Fire growth schematic tree 

proposed by the EMSA group of experts on fires on ro-ro decks, resulting in the regulation mapping detailed 

in Figure 5. At the end of each branch, reference is made to the relevant paragraphs of 7.2.2 of this section, 

in which the content of the relevant regulation is summarized. 

 

Figure 5: Regulation mapping for fire detection failure in the ro-ro spaces of passenger ships 

7.2.1.2 Definitions  

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

As per SOLAS II-2/3: 

¶ ñVehicle spaces are cargo spaces intended for carriage of motor vehicles with fuel in their tanks for 

their own propulsion.ò 

¶ ñRo-ro spaces are spaces not normally subdivided in any way and normally extending to either a 

substantial length or the entire length of the ship in which motor vehicles with fuel in their tanks for 

their own propulsion and/or goods (packaged or in bulk, in or on rail or road cars, vehicles (including 

road or rail tankers), trailers, containers, pallets, demountable tanks or in or on similar stowage units 

or other receptacles) can be loaded and unloaded normally in a horizontal direction.ò4 

¶ ñSpecial category spaces are those enclosed vehicle spaces above and below the bulkhead deck, 

into and from which vehicles can be driven and to which passengers have access. Special category 

spaces may be accommodated on more than one deck provided that the total overall clear height 

for vehicles does not exceed 10 m.ò 

Special category spaces are ro-ro spaces to which passengers have access, possibly during the 

voyage. Special category spaces are the most frequent type of closed ro-ro spaces on ro-ro 

passenger ships. 

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

                                                      

4 In other words, ro-ro spaces are vehicle spaces into which vehicles can be driven. It is to be noted however 
that, for the purpose of the application of SOLAS II-2/19, the following interpretation can be found in 
MSC.1/Circ.1120 and IACS UI SC 85: ñRo-ro spaces include special category spaces and vehicle spacesò 
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7.2.1.2.2 Closed, open and weather deck 

As per SOLAS II-2/3: 

¶ A ñweather deck is a deck which is completely exposed to the weather from above and from at least 

two sides.ò 

¶ IACS UI SC 86 additionally details that: ñFor the purposes of Reg. II-2/19 a ro-ro space fully open 

above and with full openings in both ends may be treated as a weather deck.ò 

¶ For practical purposes, drencher fire-extinguishing system cannot be fitted on weather decks due to 

the absence of deckhead. This criterion is often used for a practical definition of weather decks. 

¶ An open vehicle or ro-ro space is ñeither open at both ends or [has] an opening at one end and [is] 

provided with adequate natural ventilation effective over [its] entire length through permanent 

openings distributed in the side plating or deckhead or from above, having a total area of at least 

10% of the total area of the space sides.ò 

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

deck. 

As a reference criterion, it can be considered that a vehicle space that needs mechanical ventilation 

is a closed vehicle space. 

7.2.2 Requirements 

7.2.2.1 Type of systems, spaces to be covered 

7.2.2.1.1 General requirement 

SOLAS II-2/20.4.1 requires a fixed fire detection and fire alarm system to be fitted in all ro-ro spaces. 

It is widely accepted however that no fixed fire detection and fire alarm system is required on weather decks 

used for the carriage of vehicle with fuel in their tanks as per IACS interpretation UI SC73. 

It is to be noted that fire detection is required on open ro-ro spaces (although some discussion on this point 

regularly arises at shipbuilding phase). 

7.2.2.1.2 Special category spaces 

In special category spaces, however, SOLAS II-2/20.4.3.1 allows that ñIf an efficient fire patrol system is 

maintained by a continuous fire watch at all times during the voyage, a fixed fire detection and fire alarm 

system is not required.ò 

It is to be noted that some Flag States require a fixed fire detection system, independently of the existence 

of continuous fire watch (e.g. French Flag). 

7.2.2.1.3 Type of fixed fire detection system 

SOLAS II-2/20.4.1 requires a standard fixed fire detection and alarm system in line with FSS Code 

requirements. For practical purposes, it is worth noting that sample extraction smoke detection systems are 

not allowed on passenger ships vehicle spaces since SOLAS II-2/20.4.2 prohibits such systems5 in ñopen 

ro-ro spaces, open vehicle spaces and special category spacesò. Therefore, this section focuses on fixed 

fire detection and fire alarm systems as described in FSS Code Chapter 9. 

In addition, on passenger ships constructed on or after 2010, the system is to be addressable i.e. capable 

of identifying remotely and individually each detector and manually operated call point (FSS Code Ch. 9 

                                                      

5 Sample extraction smoke systems have been prohibited in SOLAS 1989 amendments (MSC.13(57)), 
applicable to ships constructed on or after 1 February 1992. As far as BV knows, this was a consequence of 
the bad service conditions observed on ro-ro ships for such systems (pipe ageing and corrosion) which 
usually had a common steel piping with the gas fire-extinguishing system. 
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§2.1.7). Before 2010, the fixed fire detection system was required to be divided into sections, and to be able 

to indicate in which section a detector has been activated. 

7.2.2.1.4 Fire patrol 

Efficient fire patrols are required as per SOLAS II-2/7.8 and SOLAS II-2/20.4.3.1. On passenger ships 

carrying more than 36 passengers, it is made clear that each member of the fire patrol is to be provided with 

a two-way portable radiotelephone apparatus, properly trained and familiar with the ship. 

7.2.2.2 Performance 

7.2.2.2.1 General 

SOLAS II-2/20.4.1 sets the following general performance requirements: 

¶ ñThe fixed fire detection system shall be capable of rapidly detecting the onset of fireò 

¶ ñAfter being installed, the system shall be tested under normal ventilation conditions and shall give 

an overall response time to the satisfaction of the Administrationò 

Common practice as per BV field experience is to perform this test using a smoke generator. A usual criterion 

is that the fire detection system is to be activated within 3 minutes. 

A similar criterion can be found in French Flag Regulations (div 221-II-2/7.4) and BV Rules (NR467 Pt F, Ch. 

3, Sec. 1 [3.2.15]) for unattended machinery spaces fire detection. 

FSS Code Ch. 9 §2.1.2 lists the following main functionalities for the fire detection system: 

¶ ñcontrol and monitor input signals from all connected fire and smoke detectors and manual call 

points; 

¶ provide output signals to the navigation bridge, continuously manned central control station or 

onboard safety centre to notify the crew of fire and fault conditions; 

¶ monitor power supplies and circuits necessary for the operation of the system for loss of power and 

fault conditions; and 

¶ the system may be arranged with output signals to other fire safety systemsò (communication, alarm 

and public address systems, ventilation, fire doors and fire dampers, fire extinguishing and systems 

supporting evacuation such as Low Location Lighting (LLL)) 

7.2.2.2.2 Maintenance 

In-service testing and proper maintenance are required in FSS Ch. 9 §2.5.2, SOLAS II-2/7.3 & SOLAS II-

2/14.2.2. 

7.2.2.2.3 Alarm 

The activation of any detector or manually operated call point is to initiate a visual and audible alarm at each 

indicating unit, i.e. at least at the safety centre and at the navigation bridge. 

After 2 minutes, if the alarm has not been acknowledged, an audible fire alarm is to be automatically sounded 

throughout the crew accommodation and service spaces, control stations and machinery spaces of category 

A (FSS Ch. 9 §2.5.1). 

In addition, a special alarm is required by SOLAS II-2/7.9.4, in order to allow summoning the crew from the 

navigation bridge or safety centre. 

Sound pressure levels are given in FSS Ch. 9 §2.5.1.9. 

7.2.2.2.4 Information exchange and interaction with other systems 

In general, FSS Code Ch. 9 §2.1.3 limits the interaction of the fire detection system with other systems to 

output signals sent to other safety systems. It however allows the fire detection system to be connected to a 
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decision management system6 provided this decision management system can be disconnected without 

impact on the required functionalities for the fire detection system. It is also required that malfunction of the 

decision management system will not propagate into the fire detection system. 

IACS UR E22 reckons the fire detection system as a category III, i.e. in case of fire, its failure could 

ñimmediately lead to dangerous situations for human safety, safety of the vessel and/or threat to the 

environmentò. It therefore sets a number of requirements for the system supporting software development 

and testing process, aiming at ensuring its operational reliability. 

In addition, MSC.1/Circ.1430 makes it clear that the fire detection system may control the release of the 

water-based fixed fire-fighting system in the vehicle space, in case the fixed fire-extinguishing system is a 

manual deluge system, automatic deluge system or pre-action system7. 

7.2.2.3 System arrangement 

7.2.2.3.1 Location of detectors 

SOLAS II-2/20.4.1 clarifies that the ñspacing and location [of the detectors] shall [é take] into account the 

effects of ventilation and other relevant factorsò. Further detail is provided in FSS Ch. 9 §2.4.2, together with 

a table summarizing the maximum spacing between detectors: 

ñDetectors shall be located for optimum performance. Positions near beams and ventilation ducts, or other 

positions where patterns of air flow could adversely affect performance, and positions where impact or 

physical damage is likely, shall be avoided. Detectors shall be located on the overhead at a minimum 

distance of 0.5 m away from bulkheads, except in corridors, lockers and stairways.ò 

Table 3: Spacing of detectors (FSS Ch. 9 Table 9.1) 

Type of 

detector 

Maximum floor area per 

detector (m2) 

Maximum distance 

apart between centres 

(m) 

Maximum distance 

away from bulkheads 

(m) 

Heat 37 9 4.5 

Smoke 74 11 5.5 

It is to be noted that FSS requirements for detector location are applicable for all kinds of spaces; they are 

not specific for ro-ro spaces. As a complement, in case the fixed fire extinguishing system is a manual deluge 

system, automatic deluge system or pre-action system, MSC.1/Circ.1430 makes it clear that: 

¶ only smoke or heat detectors are allowed below hoistable ramps; and 

¶ reduced spacing is to be considered for spot-type heat detectors where beams project more than 

100 mm below the deck. 

                                                      

6 A decision management system refers to a system able to gather information from several other sub-
systems such as ventilation, fire detection, fuel level, fire doors etc. and will support ship management for 
e.g.: 

- Dealing with an emergency by displaying all relevant information on one terminal, helping identifying 
the emergency scenario and proposing detailed action lists to tackle the emergency 

- Training by simulating emergencies 

- Maintenance planning 

7 Other fixed fire extinguishing systems are wet pipe systems which include their own thermo-sensitive bulbs 
and will therefore not rely on a separate fixed fire detection system for activation. 
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7.2.2.3.2 Section arrangement 

Fire detection sections are not allowed to cover more than one Main Vertical Zone (MVZ) (FSS Ch. 9 

§2.4.1.4). In addition, a fire detection section covering a ro-ro space is to be separated from (FSS Ch. 9 

§2.4.1.2): 

¶ Control station 

¶ Service spaces 

¶ Accommodation spaces 

For practical purposes, this means that ro-ro spaces are to be provided with dedicated fire detection sections, 

since ro-ro spaces generally are located in a dedicated Main Horizontal Zone. Only machinery spaces other 

than category A located in the same horizontal zone could be covered by the same detection section. 

In addition, in case the fixed fire extinguishing system is a manual deluge system, automatic deluge system 

or pre-action system, MSC.1/Circ.1430 requires that fire detection sections be the same as the zones of the 

fixed fire-extinguishing system: ñThe area of coverage of the detection system sections should correspond 

to the area of coverage of the extinguishing system sections.ò 

For practical purposes, on addressable fire detection and fire alarm systems, several sections may be 

arranged in series on the same electrical cable and separated by suitably located isolators. 

7.2.2.3.3 Cable routing 

As a general rule, one single fire should not be able to damage a section in more than one location (FSS 

Ch. 9 §2.4.3.2, requirement for addressable systems) ï i.e. the data highway should not pass more than 

once through a given space as per IACS UI SC117 ï and no section should pass twice through a given 

space. When this cannot be avoided for very large spaces, the maximum possible distance between the two 

parts of the section is to be ensured (FSS Code Ch. 9 §2.1.6.4, requirement for addressable systems). 

Cables are not to pass through spaces with high fire risk such as galleys and machinery spaces of category 

A, except for serving these spaces and when necessary for power connection (FSS Ch. 9 §2.4.3.1). 

In addition, for ships submitted to Safe Return to Port (SRtP) regulations, i.e. ships having a length of 120 m 

or more or ships having 3 MVZ or more, the fire detection system is to remain operational after a fire or 

flooding casualty as per SOLAS II-2/21.4. For practical purposes, this generally implies: 

¶ Redundant control panel and input/output cabinets and 

¶ Redundant cable routing or using fire- and flooding-resistant cables8 

(See SOLAS II-2/21.4 as interpreted by MSC.1/Circ.1369, MSC.1/Circ.1437 as well as NR598) 

7.2.2.3.4 Monitoring and control 

As a minimum, monitoring and/or control are to be available at the following locations: 

¶ At the safety centre (control panel) 

¶ At the navigation bridge (indicating unit capable of identifying which detector has been activated) 

Monitoring and control requirements are summarized in the Table 4, in line with FSS Ch. 9 §2.5.1 and SOLAS 

II-2/7.9.2 & 7.9.3 requirements. 

System operating conditions: 

The control panel is to make a clear distinction between: 

¶ Normal condition 

¶ Fire alarm condition 

                                                      

8 Fire resistant cables to be tested according to IEC 60331-1 and 2 

   Flooding resistant cables to be provided with sheathing complying with IEC 60092-359 
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¶ Acknowledged alarm condition 

¶ Electrical fault condition 

¶ Silenced alarm condition 

¶ The system is to reset automatically to normal operating conditions after all alarms and fault 

conditions are cleared 

Table 4: Monitoring and control requirements 

Monitoring and control 
Control panel 

(Safety centre) 

Indicating unit 

(Navigating 

bridge) 

Other indicating 

unit 

F
ir

e
 d

e
te

c
ti

o
n

 

Fire alarm (See [7.2.2.2.3]) Visual and audible Visual and audible Visual and audible 

Means to acknowledge fire 

alarm 

X 

(sounders may be 

manually silenced) 

  

Monitoring and Control for: 

¶ Fire doors 

¶ Ventilation 

X   

Location of sections and 

spaces covered 
X X X 
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 s
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Electrical fault alarm 

(distinct from fire alarm): 

¶ Single open or power 

break 

¶ Single ground fault 

¶ Single wire-to-wire 

fault 

Visual and audible   

Means to acknowledge 

electrical fault alarm 
X   

7.2.2.4 Fire detectors 

7.2.2.4.1 General 

The fire detection system is to include fire detectors and manually operated call points. 

FSS Code Ch. 9 §2.1.5: All components are to be qualified for operation in marine environment (standard 

requirements for electrical equipment onboard ships). In addition, fire detectors located in hazardous areas9 

are to be adequate for such use (FSS Ch. 9 §2.3.1.8). 

7.2.2.4.2 Type of detectors 

FSS Code allows ñDetectors [é] operated by heat, smoke or other products of combustion, flame, or any 

combination of these factors.ò (FSS Ch. 9 §2.3.1.1) 

                                                      

9 For practical purposes, fire detectors installed in ro-ro spaces below the bulkhead deck are in Zone 1, 
others are in Zone 2, since fire detectors are fitted on the deckheads. 
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As a complement, in case the fixed fire-extinguishing system is a manual deluge system, automatic deluge 

system or pre-action system, MSC.1/Circ.1430 requires that two types of fire detectors be combined. 

In addition, it may be noted that several Flag States and classification societies require smoke detectors 

exclusively or in combination with other detectors in ro-ro spaces. BV Rules require that smoke detectors 

are installed in ro-ro spaces (NR467 Pt C, Ch. 4, Sec. 12 [3.1.1]). Similar requirements are given by the US 

Coast Guard and the Swedish Flag. The MCA (UK Flag Administration) requires smoke detectors exclusively 

or a combination of smoke and flame detectors. 

The requirement to have at least smoke detection in ro-ro spaces is based on the fact that smoke detection 

is considered as more reliable than standard flame or heat detectors. Standard heat or flame detectors are 

also considered less efficient in ro-ro spaces since: 

¶ Heat sensors located on garage space deckhead were expected to result into quite long activation 

times due to deck height 

¶ Flame detectors were expected to lead to a number of false alarms due to reflections etc. 

7.2.2.4.3 Qualification and performance standards 

In general, fire detectors are to be qualified according to EN 54:2001 and IEC 60092:504 (FSS Ch. 9 §2.3.1 

and MSC/Circ.1035). Usual performance requirements are: 

¶ For smoke detectors: Activation for 2% obscuration/m Ò smoke density Ò 12.5% obscuration/m 

ñSmoke detectors [é] shall be certified to operate before the smoke density exceeds 12.5% 

obscuration per metre, but not until the smoke density exceeds 2% obscuration per metreò 

¶ Heat detectors: Activation when 54°C Ò temperature Ò 78°C (temperature increase rate Ò 1°C/min) 

ñHeat detectors shall be certified to operate before the temperature exceeds 78ÜC but not until the 

temperature exceeds 54ÜCò 

¶ Carbon monoxide detectors: Alarm threshold set at 40ppm, sensitivity settings to be adjusted 

considering the fire hazard, likely source and risk of false alarm. 

In addition, provisions are given for in service function testing (FSS Ch. 9 §2.3.1.6). 

7.2.2.5 Electrical arrangement 

7.2.2.5.1 System architecture 

The system is to be organized into sections as per FSS Code Ch. 9 §2.1.4 and 2.4.1.1. 

The first initiated fire alarm is not to prevent any other detector from initiating further fire alarms as per FSS 

Code Ch. 9 §2.1.6.3, applicable to addressable systems. 

7.2.2.5.2 Components 

¶ The control panel is to be tested according to standards EN 54-2:1997, EN 54-4:1997 and IEC 

60092-504:2001 (FSS Ch. 9 §2.3.2) 

¶ Cables are to be flame retardant as per IEC 60332-1 (FSS Ch. 9 §2.3.3) 

¶ Cables routed through MVZ that they do not serve and cables to control panels in an unattended fire 

control station are to be fire resisting as per IEC 60331 (FSS Ch. 9 §2.3.3) 

7.2.2.6 Sources of power 

7.2.2.6.1 Continuous fire detection capability 

The fixed fire detection and fire alarm system is to be fed from two sources of power with separate feeders, 

including an emergency source of power (FSS Code Ch. 9 §2.2.1). An emergency source of power has to 

comply with the requirements of SOLAS II-1/42 and 42-1 regarding location and autonomy. Especially, it has 

to be able to supply the fire detection system for 36 hours, after which it has to be capable of operating the 
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fire alarm for 30min (FSS Ch. 9 §2.2.4). It is either the ship emergency generator (+ transitional source of 

emergency power) or dedicated accumulator batteries (FSS Ch. 9 §2.2.4 & 2.2.5). 

An automatic change-over switch is to be provided to manage the transition between the main and 

emergency source of power, and a fault should not lead to the loss of both power supplies. 

No temporary loss of the fire detection capability due to this change-over switch is accepted. In addition, a 

transitional battery may be required if the temporary loss of power can damage the fire detection system as 

per FSS Ch. 9. §2.2.2. 

Although the alarm sounder is not formally required to be part of the fire detection system, IACS UI SC35 

makes it clear that it is to be powered from a main and emergency source of power and from the transitional 

source of emergency power where required. 

7.2.2.6.1.1 Sizing of the source of power 

The power supply is to be sufficient for operation with 100 detectors activated, or all detectors provided 

onboard if this number is lower than 100 (FSS Ch. 9 §2.2.3). 

7.2.2.6.2 Consequences of a fault 

After an electrical fault or electrical failure: 

¶ Identification capability is to be kept in the whole section, except for the faulty detector (FSS Code 

Ch. 9 §2.1.6.1, applicable to addressable systems) 

¶ The initial configuration is to be restored (FSS Code Ch. 9 §2.1.6.2, applicable to addressable 

systems) 

7.2.2.6.3 Temporary disconnection 

FSS Code Ch. 9 §2.1.1 allows temporary disconnection of the fire detectors in ro-ro spaces during loading 

and off-loading, provided: 

¶ Detectors in other spaces remain operational 

¶ Fire patrol is maintained in the ro-ro space while the detectors are disconnected 

¶ The detectors are automatically re-connected after a pre-set duration 

MCA (UK Flag Administration) clarify in their guidance that: 

¶ Manual call points and manual release mechanisms may not be disconnected 

¶ The duration of the timer is to be adapted to the time of loading/unloading 

¶ The central unit is to indicate whether the detector sections are disconnected or not 

7.3 Current practices related to detection 

7.3.1 Review of current practices in location of openings and detectors 

7.3.1.1 Detector locations 

According to regulations (as outlined in paragraph 7.2.2.3.1), vehicle spaces, ro-ro spaces and special 

category spaces shall be equipped with a fixed fire detection and fire alarm system complying with the FSS 

Code (in special category spaces the detection system may be replaced by an ñefficient fire patrol systemò) 

(SOLAS II-2/20.4). Sample extraction smoke detection systems are only allowed to replace a point smoke 

or heat detection system in closed vehicle and closed ro-ro spaces, i.e. not in spaces to which passengers 

have access and hence they are not very common on ro-ro passenger ships.  

The FSS Code stipulates that, with regard to positioning of the detectors, they shall be located for ñoptimum 

performanceò (FSS Ch. 9 §2.4.2). Position close to beams and ventilation ducts where patterns of airflow 

could adversely affect the performance should be avoided and the minimum distance to any bulkheads shall 

be 0.5 m. Positions where impact or physical damage is likely should also be avoided. The maximum spacing 
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of detectors was highlighted in Table 3, but the Administration may require or permit different spacing than 

those specified in the table if justifiable based on test data which show the characteristics of the detectors.  

The current practices are to use smoke detectors or combined smoke and heat detectors rather than heat 

detectors only. The detectors are seen most often to be positioned between ceiling beams close to the lower 

edge of the beams, see Figure 6, which results in good protection against physical impacts and possibility 

of early detection in combination with high ventilation. In case of high airflow, the smoke will be carried along 

the airflow below the beams rather than accumulate in between the ceiling beams at an early stage of a fire. 

Without or with low airflow, it may be more beneficial to position the detectors close to the ceiling. However, 

with detectors not present between all beams, the response time may vary substantially depending on fire 

location. For the specific case in Figure 6, it would probably be better with some greater distance to the 

nearest beam. However, it is more important to keep distance to transverse beams than to longitudinal 

beams relative to the airflow.  

 

Figure 6: Point detectors locations (new and old detectors) 

The maximum allowed distance between detectors is primarily limited by the maximum floor area coverage 

per detector. For evenly distributed smoke detectors, the maximum distance is 8.6 m rather than 11 m, as 

visualized in Figure 7. However, for unevenly distributed detectors, the maximum distance of 11 m must be 

taken into account, as illustrated to the right side in Figure 7. A spot-check on a ro-ro passenger ship in 

Gothenburg showed an estimated distance of about 7 m between most detectors and in the public report on 

the fire safety approach in DESSO ROPAX (Arvidson, Axelsson, Simonson, & Tuovinen, 2006), a maximum 

coverage area of 25 m2 was recommended for combined smoke and heat detectors, i.e. significantly less 

than the prescribed 37 m2 (heat detectors) and 74 m2 (smoke detectors). It seems that some safety margin 

to the prescribed values is often used, which of course could be a conscious decision to attain a higher safety 

level.  
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Figure 7: Detector spacing illustrations 

For sample extraction smoke detection, the FSS Code stipulates that the ñsmoke accumulators shall be 

located for optimum performance and shall be spaced so that no part of the overhead deck area is more 

than 12 m measured horizontally from an accumulatorò (FSS Ch. 10 §2.3.1.2). Smoke accumulators are 

assumed to be sampling holes where the smoke enters the sampling pipes connected to the detector unit. 

Referring to Figure 8, it is seen that the coverage area of an accumulator can be 288 m2, which is 

substantially more than what is allowed for point smoke detectors. However, these systems are also required 

to be more sensitive than point smoke detectors (alarm activation at smoke obscuration below 6.65% per 

metre instead of 12.5% per metre). Nevertheless, several sampling holes on the same sampling pipe may 

dilute the smoke, which is why a more sensitive detector unit could be needed to achieve a sensitivity 

corresponding to a point smoke detector. The regulation does not allow more than four accumulators 

connected to the same detection unit (FSS Ch. 10 §2.3.1.4).  

 

 

Figure 8: Sampling holes (accumulators) spacing. Regulation prescribes that only four accumulators can be 

connected to the same detection unit 

It seems that regulations are less stringent for sample extraction smoke detection with regard to response 

time, which could be one reason why these systems are not allowed to replace point detection on most ro-

ro passenger ships. Another reason might be that ageing and corrosion problems have been reported for 

these systems when the same metal pipes as for extinguishing systems have been used. In other 

applications, sample extraction smoke detection is considered a good option in case early detection is 

important, especially in combination with high airflow. That is the reason why these systems are common in 

e.g. data centres and air ducts. An experimental study on fire detection in buses show that for the tested 
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systems, sample extraction systems are less sensitive to high airflow at the position of the detector/sampling 

hole (Willstrand, Brandt, & Svensson, 2016). 

Another aspect is that the FSS Code specifies that the sampling pipe arrangements shall be such that the 

location of the fire can be readily identified (FSS Ch. 10 §2.3.2.1). To address the fire location, separate 

sampling pipes would be needed to cover specific areas. There are systems that allow complex pipe 

networks to be connected to one detection unit, giving multiple addressable zones for one detection system. 

It is also possible to address the fire location by changing the pipe flow direction at an alarm. After purging 

the pipes, the flow direction is changed again, and by measuring the time until smoke is again detected the 

system can identify where the smoke enters the pipes. 

Although sample extraction smoke detection is not common on ro-ro passenger ships due to regulations, 

they are sometimes used. DNV-GL has studied 35 fires within ro-ro spaces between 2005 and 2016 and out 

of 10 cases with reliable data for detection, there was one case where the fire was detected by a sample 

extraction smoke detection system. In 8 cases there was a fixed fire detection system (assumed to be smoke 

detection) and in one case there was no fixed fire detection system (weather deck). (DNV-GL, 2016)  

Other types of detectors are sometimes used as complement to the required detection systems. For example 

in the DESSO ROPAX project (Arvidson, Axelsson, Simonson, & Tuovinen, 2006), a gas sampling system 

was recommended to be fitted in ro-ro spaces in order to detect fumes from gasoline or diesel oil leaking 

from the vehicles on deck. One can assume that gas detection systems may be more common in the future 

due to an increased number of alternative fuel vehicles. Gases that are relevant to detect are e.g. methane 

(CNG and LNG vehicles), propane/butane (LPG vehicles), hydrogen (fuel cell vehicles) and combustible 

gases from battery ventilation (electric and hybrid vehicles). 

There is normally no fixed fire detection system on weather decks (no requirements in regulations), but 

accident reports have highlighted the problem. Flame detectors are used on some ships, as seen in Figure 

9. Other means of fire detection on weather decks are watchmen, fire patrols and CCTV cameras (used for 

surveillance with no fire detection algorithms).  

 

Figure 9: Weather deck on Stena Germanica 

7.3.2 Review of different system set-ups 

According to the FSS Code, a fixed fire detection and fire alarm system shall not be used for any other 

purpose, except that closing of fire doors and similar function may be permitted at the control panel (FSS 

Ch. 9 §2.1.2). At least two power sources shall exist to power electrical equipment used for the system. (FSS 

Ch. 9 §2.2).  

Water 

cannon 

Flame 

detector 
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Normally detectors are required to be activated by heat or smoke, but activation by other signatures may be 

considered by the Administration, provided that the detectors are not less sensitive than detectors activated 

by heat or smoke. Flame detectors shall only be used in addition to smoke or heat detectors (FSS Ch. 9 

§2.3.1.1). All detectors should be of a type such that they can be tested for correct operation and restored 

to normal surveillance without the renewal of any component (FSS Ch. 9 §2.3.1.5).  

As mentioned in section 7.2.2.4, current practice is to use smoke detectors or combined smoke and heat 

detectors rather than heat detectors only. Combined smoke and heat detectors seem to be common today 

since it is quite easy to update existing smoke detector systems into a system using combined point 

smoke/heat detectors. Heat detection is considered important for monitoring fire development and fire 

spread, which is not possible with only smoke detection. When the fire increases, the smoke detectors will 

be saturated and smoke will be detected far from the fire origin, but with heat detectors it is easier to estimate 

the fire size and fire spread. Another benefit of using heat detection is that heat detection is more resistant 

to false alarms, which means that heat detection can be activated during loading and discharging of ro-ro 

spaces. It is current practice and acknowledged to inactivate smoke detectors during loading and 

discharging. However, the FSS Code requires that detectors in other spaces remain operational and that a 

fire patrol is maintained in the ro-ro space while the detectors are disconnected. Furthermore, the detectors 

need to be automatically reconnected after a pre-set duration time. A timer, normally located at the bridge, 

is used to reconnect the fire detection system automatically if reconnection is not made manually. An 

example of such a timer can be seen in Figure 10. This timer allows two hours to pass before automatic 

reconnection, but it is preferable to use shorter pre-set durations. 

 

Figure 10: Timer (2 h) for inactivation and reconnection of fire detection system on (all) ro-ro spaces 

The FSS Code also prescribes that activation of any detector or any manually operated call point shall start 

an audible and visual fire signal at the control panel and indicate the activated unit. If the signals have not 

received attention within two minutes, an audible alarm shall be automatically sounded in the crew 

accommodation, service spaces, control stations and machinery spaces. The control panel can be located 

either on the bridge or in a continuously manned central control station. Indicating units, showing the section 

of the activated detector and the location of the different sections, shall be easily accessible to responsible 

crew members. 

Figure 11 shows an example of different monitors situated at the fire detection system control panel. Upon 

alarm, the upper monitor shows the activated detector unit(s). Any CCTV camera covering the area is 

automatically displayed on the monitor in the lower right corner of the photo. This is not required but can 

assist decision-making. The control panel will also give an audible and visual false signal in case of power 

loss or failure in electric circuits for the detection system, as required by the FSS Code. 
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Figure 11: Example photo of different monitors at the fire detection system control panel 

7.4 Literature Review Decision-Making 

Decision-making research has been developing steadily from the middle of the 20th century, starting with 

applications in the economical sciences, later developing in parallel to safety research and its focus on 

decision-making in natural environments. While early models of decision-making were based on logic, 

viewing humans as purely rational, probabilistic agents or ñhomo economicusò (Simon, 1955), research in 

experimental psychology during the 1970ôs came to suggest that human problem-solving and decision-

making cannot simply be modelled upon logical ñmachineò behaviour. 

This development was headed by researchers Daniel Kahneman and Amos Tversky (Tversky, 1974) who 

demonstrated that in experiments, participants applied mental heuristics or ñrules-of-thumbò when solving 

problems involving probabilities, something that was connected to systematic errors in judgment (i.e. 

ñcognitive biasò). Participants tended to ignore probability features such as sample size and regression 

toward the mean, they typically had vague and often faulty conceptions around chance, and they tended to 

anchor probabilistic judgments to other numbers arbitrarily present in the test environment. At the same time, 

even when participants were made aware of such typical errors, they tended to have a strong confidence in 

their own judgments. Kahneman and Tversky concluded that mental rules-of-thumb often lead to severe and 

systematic errors in decision-making. 

7.4.1 Development towards Naturalistic Decision-Making 

Research around cognitive bias came into question during the 1980ôs when studies on decision-making took 

a turn towards naturalistic environments and skilled decision-makers. Global and industrial developments 

during the late part of the 20th century had given rise to a new strain of decision-making research focused 

on professional activities in safety-critical environments such as fire-fighting, nuclear and military operations 

(Endsley M. H., 2007). Even though these environments were essentially different, studies revealed similar 

traits in professional decision-making. Furthermore, while the behaviour of these decision-makers did not 

conform with rational models, neither did it reflect the large propensity for error suggested by research in 

experimental psychology. It was pointed out that previous research had been carried out with the expressed 

purpose of exposing weakness and errors in decision-making. Moreover, experiments carried out by 

Kahneman and Tversky (Tversky, 1974) had taken place in laboratory environments and participants were 

most often recruited from the student body. For professionals working in natural-environments, even though 

single decisions could be biased, reduced cognitive effort and speed overweighed inherent weaknesses in 
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the process, particularly in high-stakes time-critical situations (Cohen, in Klein, Orasanu, Calderwood, & 

Zsambok, 1993). 

Different models have been suggested to represent a continuum for human thought and decision-making, 

ranging from quick ñintuitiveò decisions to slow and deliberate ñrationalò thinking. One example is Jens 

Rasmussenôs division in skill-based, rule-based and knowledge-based behaviour (Rasmussen, 1986) 

representing different levels of conscious control, where each respective level has its own application 

depending on the familiarity of the experienced situation. Another model is suggested by Hammond 

(Hammond, 1980) who showed that professional decision-makers tend to move between analytical 

reasoning and snap judgments based on feedback from the environment, e.g. if the task is ill-structured or 

well-structured, so that the situation at hand induces a certain decision-making process (Klein, Orasanu, 

Calderwood, & Zsambok, 1993). 

Research concerned with professional activities in natural environments came to be known as ñNaturalistic 

Decision-Makingò (NDM) (Klein G. , Naturalistic Decision-making, Human Factors, 2008) and during the 

following decades NDM developed in different directions representing different aspects of decision-making 

such as Recognition-Primed Decision-Making (RPD) (Klein G. , Sources of power: How people make 

decisions., 1998), Situation Awareness (SA) (Endsley M. , 1995), Sensemaking (Weick, 1995) and Common 

Operational Picture (COP) (Lass, Regli, Kaplan, Mitkus, & Sim, 2008). Later developments have seen a 

distinct shift towards a ñsystems perspectiveò on safety-critical operations (Wilson, 2014) with an emphasis 

on system interactions, also factoring in aspects such as cultural influences. 

7.4.2 Recognition-Primed Decision-Making 

In one of his papers (Klein G. , Sources of power: How people make decisions., 1998), Gary Klein (one of 

the foreground figures of NDM) notes that the greatest challenge for decision-makers in professional settings 

is not choosing between alternatives but making sense of events and conditions. The inherent uncertainty 

of real-world operations means that pre-written rules and procedures will never provide all the information 

necessary, and instead, situational interpretations made by the decision-maker will have a heavy impact on 

outcomes. 

Through studies of persons involved in fire-fighting command (Klein, Orasanu, Calderwood, & Zsambok, 

1993), Klein demonstrated that a large portion of decision-making in this context was concerned with 

situation recognition, where the decision-maker classifies the situation as typical or atypical based on pattern 

matching. When determining how to respond, the decision-maker will evaluate options serially (but often 

semi-consciously). Because of the nature of neural activation and human memory, the first element in the 

ñcognitive action queueò will be the most typical response to the perceived situation, and professional 

experience will increase the likelihood of this perception being correct. After selecting a potential response, 

the decision-maker will simulate possible outcomes of the action mentally. RPD is described by Klein as a 

combination of intuition and analysis where intuition is understood as recognition (Kahneman & Klein, 2009), 

while mental simulation involves more of analytical reasoning. This means that professionals employ both 

kinds of processes to reach a balance between speed and analytical depth, something that has also been 

demonstrated in the maritime domain (Harvey, Zheng, & Stanton, 2013). It has later been observed that 

recognition-oriented strategies are more pronounced for experienced persons while novices rely more on 

deliberate analysis (Klein, et al., 2003). Professional intuition develops if the environment is sufficiently stable 

and provides enough grounds for predictions (Kahneman & Klein, 2009). 

The fact that professional decision-making relies so heavily on the interpretation and recognition of typical 

situations has introduced another shift in decision-making research, moving from the individual decision-

maker to focus more on his or her environment and, particularly, the aspects of that environment that may 

facilitate or obstruct interpretation. Even though experience is invaluable for effective decision-making, the 

environment and its artefacts as well as collaborative conditions also have to provide the right support (Van 

Santen, Jonker, & Wijngaards, 2009).  

7.4.3 Situation Awareness 

Situation Awareness (SA) is the perception of the elements in the environment within a volume of time and 

space, the comprehension of their meaning, and the projection of their status in the near future (Endsley M. 
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, 1995). This process, named Endsley stresses, depends both on stable cognitive properties and on 

experience, preconceptions and goals. The concept of Situation Awareness has developed in parallel to 

research on RPD and has had a profound impact on both safety research and safety management during 

the last decades. 

Since its early conceptualisation, the subject of Situation Awareness has developed into more fine-grained 

models highlighting different aspects of acquiring SA, for example (Jungert, Hallberg, & Hunstad, 2006) the 

division in Organizational Awareness (the understanding of available resources and their possible use), 

System Awareness (knowledge about supportive technology), Environmental Awareness (knowledge about 

contextual factors and risks) and Activity Awareness (actions and intents of people working around the 

operator). The concept of Activity Awareness reflects the observation in SA research that Situation 

Awareness is often created jointly among different actors involved in a work process, and that it relies heavily 

on communication, sharing of information and the creation of shared interpretations (Comfort, 2007). The 

concept of SA has also been applied in maritime domain safety research (Cordon, Mestre, & Walliser, 2017). 

The idea that SA is often created jointly, in a team of human operators, is also reflected in Mental Models 

research which stresses the collaborative nature of emergency-related decision-making. Mental models can 

be formed around equipment and tools used by a team, the work that is to be accomplished including goals, 

requirements and problems, the characteristics of the team including knowledge, beliefs and skills, and 

around what work processes are appropriate and effective. The extent to which these models are shared by 

team members can strongly affect the chances for effective teamwork (Van Santen, Jonker, & Wijngaards, 

2009). The way that knowledge of the situation is represented in the environment (information artefacts in a 

Command and Control Centre for instance) was explored under the heading of Common Operational Picture 

(COP) (Norros, et al., 2009). 

7.4.4 Decision-making and Context 

Research describes Naturalistic Decision-Making as a process of intense interaction between the decision-

maker and her environment, where manipulations of that environment can have drastic effects on emergency 

outcomes. In a study directed towards platform supply vessels, Sandhåland et al. (Sandhåland, Oltedal, 

Hystad, & Eid, 2015) compile a number of aspects ranging from the individual, to the group, to more abstract 

phenomena that may all affect the timeliness and precision of decision-making. 

Early research cited in the previous chapter illustrated the impact of the decision-makerôs individual 

properties ï that he or she typically needs a large amount of experience to be able to assess the situation 

and predict possible developments. Even with experience, however, distractions in the environment such as 

noise, communications or movement can put a strain on the decision-makerôs attention, with negative effects 

for all of the phases of SA acquirement. The impact of direct environmental factors can also be aggravated 

by stress (Gok & Atsan, 2016), sleep disruption and fatigue (Sneddon, Mearns, & Flin, 2013). Furthermore, 

in the design sciences it is well known that the way a person perceives and solves a problem is heavily 

influenced by both system design and interface design. Even though the decision-maker is competent, well-

rested and the environment is relatively calm, flaws in the way information is gathered, integrated, presented 

and shared can still introduce errors (Endsley M. R., 2012). 

On the team level it was observed that communication is vital to uphold a common understanding of the 

problem at hand, and that activities such as joint planning may serve to reinforce shared perceptions. At the 

same time, although it is widely recognised that coordination within a team is important for SA, researchers 

have also pointed out that a completely shared SA may not always be beneficial. Team members possess 

different roles and because of that they may need to interpret and use information differently. Furthermore, 

the fact that conceptions are shared within a group does not need to say anything about their validity. A team 

may fall into groupthink, where the will to maintain consensus prevents critical thinking (Njå & Rake, 2009), 

meaning that opposing facts and interpretations can also be viewed as an asset in situations of uncertainty. 

The fact that decision-making is also affected by social dynamics is explored by Van Santen et al. (Van 

Santen, Jonker, & Wijngaards, 2009), who conclude that the construction of sound, shared mental models 

is helped by features in the organisation such as wide-spread experience, shared ownership within the group, 

mutual respect, self-evaluation/self-correction and frequent chances to work in self-managing teams. 
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7.4.5 A Systems Perspective on Fire Incident Decision-Making 

Decision-making is a process affected by context ï by the individual professional, her profile and background 

experience, by surrounding artefacts such as information systems, tools and environments, by interactions 

and relations including teamwork and cultural or social dynamics, and by the extended system such as the 

overall organisation, law, regulations and economic pressures (Hetherington, Flin, & Mearns, 2006). It would 

however be wrong to draw the conclusion that because of this context-dependency, human decision-making 

is bound to be biased. Instead, it appears that the human capacity to draw on many different (and often 

incomplete) sources of information and to relate them to environmental dynamics is precisely what enables 

good outcomes. 

In cognitive science, human thinking has for long been treated as a distributed phenomenon (Hutchins, 1995) 

where the individual, together with his or her manipulation of the environment (and the resulting 

representations in the environment) are seen as one compound cognitive system. The observation that 

Situation Awareness in a complex environment tends to be distributed over several people and technical 

artefacts has led to an expansion of the SA concept (i.e. DSA (Parisi & Lüdtke, 2016)). This implies that 

studies of decision-making must apply a systemic perspective, looking to the whole system in order to 

understand the performance of the individual. On the other hand, research shows that in safety matters it is 

common to address individual system components in isolation, without consideration to how their 

functionality depends on the people and technology surrounding them (Santos-Reyes & Beard, 2001). 

Work on a ship is a complex system, resting on a high level of experience, skill and collaboration, involving 

the use of specialised equipment, tools and procedures (Sandhåland, Oltedal, Hystad, & Eid, 2015). A rapidly 

evolving fire scenario will often mean a sharp increase in many of the factors that are known to undermine 

decision-making, such as workload and noise. This will place high demands on the system, ranging from the 

individual crewmember, to all the different aspects of the immediate environment, to the interplay within the 

extended system on-board (e.g. between the bridge and ro-ro spaces), to outer layers of the system such 

as the land organisation, nearby ships and other relevant parties (e.g. Vessel Traffic Service (VTS)). All of 

these aspects, activities and environments represent concrete design cases that could be explored for their 

ability to support decision-making in the case of an on-board fire. 

7.5 Generic ships 

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

7.5.1.1 Purpose and Method 

For the purpose of making the study in FIRESAFE II applicable to a vast part of the world fleet of RoPax, 

ships were grouped by the following parameters: 

¶ Passenger capacity; 

¶ Lane metre capacity10; 

¶ Cargo deck type (closed, open, weather or a combination); and 

¶ Size of weather deck (if any). 

In order to assess the relevancy of the grouping, it was crosschecked with the Stena fleet of 29 RoPaxes 

and with data from a world fleet database. When crosschecking with the Stena fleet, type of trade or usage 

of the ship in a fleet network was also considered. After grouping the ships according to above parameters 

and the description here, this was checked against a ratio between lane metre and passenger number 

(LM/Pax ratio). This ratio was proven to match the grouping to a large extent and it is believed it can be used 

as a key figure when grouping the world fleet. 

                                                      

10 Lane metre capacity should be used with great care when considering the world fleet as the measure can 
differ between operators. Figures used in this report were provided by EMSA. 
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7.5.1.2 Grouping 

Four clear groups emerged: Ferry RoPax, Large RoPax, Standard RoPax, and Cargo RoPax. These groups 

are described in detail in Table 5. 

Table 5: Typical description of the main groups 

Figures below on passenger capacity and lane metre capacity are examples picked from the Stena 
fleet cross check and shall be seen as examples only. 

For world fleet grouping LM/Pax ratio is used.  

 Ferry RoPax Large RoPax Standard RoPax Cargo RoPax 

General 
description 

RoPax or Ferry 
with focus on 

carriage of 
passengers but 
which can also 

carry cargo similar 
to a Standard 

RoPax. 

RoPax with focus 
on carriage of 
cargo and of 
passengers. 

High lane metre 
capacity 

RoPax with focus 
on carriage of 
cargo and of 
passengers. 

Standard lane 
metre capacity. 

RoPax with focus 
on carriage of 

cargo. 

Passenger 
capacity 

900-2 300 600-1 500 900-1400 

Just enough to 
carry the number 

of drivers 
necessary to load 
the ro-ro spaces 

with accompanied 
trailers. Less than 

400. 

Lane metre 
capacity 

1 000-2 300 m Above 3 000 m 1 000-2 300 m 1 000-2 300 m 

Deck type 

Only closed ro-ro 
spaces or mainly 

closed ro-ro 
spaces and a 
small weather 

deck. 

All three types of 
ro-ro spaces: 
closed ro-ro 

spaces, open ro-ro 
spaces and 

weather deck. 
The size of 

weather deck is 
generally medium 
to large within this 

category. 

All three types of 
ro-ro spaces: 
closed ro-ro 

spaces, open ro-
ro spaces and 
weather deck. 

The size of 
weather deck is 

generally medium 
to large within this 

category. 

Closed ro-ro 
spaces and large 
weather decks. 

 

 

 

LM/Passenger Less than 2 2-7 2-7 More than 7 

Visualization Stena Superfast 
Stena 

Scandinavica or 
Hollandica 

Stena Flavia or 
Mersey 

Stena Gothica 

Final 
Grouping 

Ferry RoPax Standard RoPax Cargo RoPax 

7.5.1.3 FIRESAFE II groups 

For the purpose of this study, it was decided to merge Large RoPaxes and Standard RoPaxes. For trade 

and usage within a fleet network, the difference between the two groups is acknowledged. This is mainly 

due to the different harbour arrangements required to accommodate very large ships. 
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However, there are also several similarities and the total number of Large RoPaxes is low. Therefore, the 

the LM/Pax ratio was retained as the only grouping criteria. Most of the Large RoPaxes were merged with 

Standard RoPax and formed the final group Standard RoPax. 

Therefore, the vessels were grouped using the ratio LM/Pax for grouping. The lane metre to passenger ratio 

categorized according to the FIRESAFE II Group on the Stena fleet is provided in Figure 12. 

 

Figure 12: Lane metre to passenger ratio categorized according to the FIRESAFE II Group on the Stena fleet  

Not all ships of the FIRESAFE II fleet match all the criteria but the definition can be taken as a guideline. The 

distribution of the FIRESAFE II fleet (in black) and of the Stena fleet (in colour) in terms of lane metre capacity 

and number of passengers is provided in Figure 13 along with the borders of the FIRESAFE II groups (red 

lines). The large circles represent the Stena ships selected as generic ships. 
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Figure 13: Lane metre capacity vs. number of passengers for the FIRESAFE II fleet (in black) and the Stena 

fleet (in colour) and FIRESAFE II groups (red lines) 

7.5.2 Description of the generic ships chosen for the study 

7.5.2.1 Cargo RoPax 

This sample ship is a representative design of a Cargo RoPax of a size of 13 294 GT. It was designed with 

a capacity of 186 persons onboard. The vessel is compliant with all relevant international rules and 

regulations. The ship is designed to SOLAS A.265 and later reconstructed to operate as per the SOLAS 90. 

Ship has 6 MVZs. 

Passenger cabins are located in the superstructure on Decks 4, 5 and 6. Restaurant is located on Deck 6. 

The remaining part of Deck 4 consists of a garage and weather deck. Deck 2 is the main deck with ro-ro 

lanes throughout the full length of the ship. Lower hold on Deck 1 is for trailers and trucks. Picture of this 

ship is provided in Figure 14. 

The total ro-ro area (excluding casings etc.) on the Cargo RoPax is 4 364 m². 67% of this area is located in 

closed spaces (lower hold, main deck and garage), the remaining 33% being the weather deck. 
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Figure 14: Picture of the Stena Gothica (Cargo RoPax ship) 

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

are further described in Table 7.  

Table 6: Main characteristics of the Cargo RoPax ship 

GENERAL Cargo RoPax 

Length overall 171,05 m 

Breath moulded 20,25 m 

Draught 5,27 m 

Built 1982 

Deadweight 4 750 t 

Gross tonnage 13 294 t 

Net tonnage 3 988 t 

Cargo capacity 1 600 lm 

Pax capacity 186 pax 

Route 
Göteborg - Frederikhamn,  

day and night 

Passage time 3,5 hrs 

Fire pump 1 71 m3/h 

Fire pump 2 70 m3/h 

Emergency fire pump 90 m3/h 

Drencher pump 288 m3/h 

 






































































































































































































































































































