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Fire risk assessment of alternative ship design 

The procedure to evaluate fire safety of alternative ship design solutions, described in 

MSC/Circ.1002, has been found insufficient for novel and large scopes. In this paper it 

is analysed with regards to function and applicability as a risk-based assessment 

procedure. Deficiencies are addressed based on risk assessment research and 

involvement in over a dozen performed assessments. Clarified are inconsistencies in the 

fire safety regulations, which must be considered in identification of hazards. It is also 

suggested that affected safety functions are evaluated separately if possible and that the 

assessment sophistication is adapted to the scope of introduced hazards; four levels to 

perform parts of or the whole assessment are proposed. 
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1. Introduction 

In the 1990s the International Maritime Organization recognized that 

prescriptive regulations were unable to manage innovative ship design. Since then 

there has been major development towards goal-based standards (IMO 2011). The 

first IMO regulations to get a performance-based structure were those of the fire 

safety chapter II-2 in SOLAS (IMO 1974). They came into force in 2002 and 

included a new regulation, SOLAS II-2 regulation 17 alternative design and 

arrangements (hereafter referred to as ‘regulation 17’), allowing deviations to 

prescriptive requirements if at least the same degree of fire safety is provided. It is 

thus not an exemption but an alternative/performance-based way to fulfil the fire 

safety requirements. Safety is then demonstrated in an “engineering analysis” 

(hereafter referred to as ‘regulation 17 assessment’) which needs approval by the 

Administration. 

Regulation 17 has been employed to introduce for example high atriums and 

long shopping promenades. However, it has been criticised to in practise only allow 



for extensions of prescriptive requirements and to not provide opening for true 

alternatives, going beyond the regulations (Maccari 2011, McGeorge and Höyning 

2002). Furthermore, the assessment guidelines have been accused to be vague and 

contradictive (Evegren 2010a) and to lack crucial parts (ABS 2010). Thus, improved 

instructions are needed to provide for harmonized and robust assessment of 

innovative fire safety solutions. 

The procedure in MSC/Circ.1002 has still been the basis for many fire risk 

assessments in commercial and research projects. These include for example 

alternative bunker fuel installations (Evegren 2015) and structures in FRP composite 

(e.g. Evegren 2013a, Evegren 2013b, Hugosson 2011, McGeorge 2009, Noury 2009, 

Noury et al. 2015, Rahm 2012). Throughout these assessments, weaknesses in the 

function and applicability of MSC/Circ1002 as a risk-based procedure have been 

identified and addressed in different ways. In this paper, those weaknesses are 

analysed and proposals made for improvement. In particular for how to perform an 

assessment in relation to the prescriptive regulations and on different levels with 

consideration to introduced hazards. The analysis follows after brief descriptions of 

the assessment procedure. 

2. Procedure to assess alternative fire safety  

The procedure for a regulation 17 assessment is summarized in the regulation and 

further described in MSC/Circ.1002 (IMO 2001). It can be described as a two-step 

deterministic risk assessment, illustrated in Figure 1, consisting of: 

(1) preliminary analysis in qualitative terms; and 

(2) quantitative analysis. 



 

Figure 1. Procedure of a regulation 17 assessment in accordance with 

MSC/Circ.1002. 

 

In the first part the scope of the analysis is defined, fire hazards are identified 

and from these design fire scenarios as well as trial alternative designs are 

developed. Those steps are documented in a preliminary analysis report, which 

needs approval before the trial alternative designs are evaluated by the developed 

fire scenarios in the quantitative analysis. There are no explicit safety criteria but 

outcomes are compared between the trial alternative designs and a prescriptive 

design (complying with relevant prescriptive requirements). The final 

documentation of the engineering analysis should with reasonable safety margin 



ensure that the fire safety of the final alternative design and arrangements is at least 

equivalent to that of a prescriptive design. 

For further guidance it is relevant to consider guidance notes for 

MSC/Circ.1002 (e.g. ABS 2010), the general guidelines MSC.1/Circ.1455 (IMO 

2013) and guidelines for building fire risk assessment (e.g. ISO 2012, SFPE 2006). 

3. Analysis of assessment procedure 

 Affected fire safety regulations 

According to regulation 17, alternative design and arrangements for fire safety 

should provide a degree of safety at least equivalent to that achieved by compliance 

with prescriptive requirements. The assessment should therefore include an 

identification of the prescriptive requirement(s) which the alternative design and 

arrangements will not comply with (regulation 17.3.2). The regulations should be 

clearly understood and documented along with their functional requirements 

(paragraph 5.1.2). This documentation is important since it forms the approval basis, 

but regulations weaknesses make this process insufficient. 

The fire safety regulations in SOLAS were restructured to become 

performance-based, but a foundational step was omitted. Much effort is nowadays 

made to make sure that functional and prescriptive requirements correspond to each 

other (IMO 2011). However, this was never done for the fire safety chapter, which 

resulted in unclear connections, particularly of three types (illustrated in Figure 2): 

(1) Prescriptive requirements without clear connection to any functional 

requirement. 

(2) Lack of prescriptive requirements with consideration to the functional 

requirements. 



(3) Prescriptive requirements affecting other regulations’ functional 

requirements. 

 

 

Figure 2. Different types of unclear connections between functional and 

prescriptive requirements. 

 

The first type of unclear connection can stem from reaction-based rule-

making, where new requirements are introduced as results incidents, without 

consideration to functional requirements. The second type can stem from 

assumptions of how ships are built and used, and hence of how safety is traditionally 

achieved. All types of unclear connections, particularly the third, stem from the 

general assumption that other regulations are achieved, which is natural in a 

prescriptive code. 

The unclear connections can cause neglected hazards and even neglecting a 

regulation 17 assessment. For example, use of methanol introduces a number of 

hazards (e.g. detection and extinguishment difficulties) but only deviation with 

regards to flammability/low flashpoint (Evegren 2015). Determining the approval 

basis from only deviated prescriptive requirements may hence not be sufficient (cf. 

4.7.1 in MSC.1/Circ.1455 (IMO 2013) and 5.1.2 in MSC/Circ.1002 (IMO 2001)). 

Hazards must be identified from effects on the implicit level of fire safety, i.e. the 

intended safety functions of the regulations. Additional investigations are therefore 



necessary to clarify effects on the regulations’ purpose statements, consisting of an 

objective and functional requirements for each regulation. 

 Development of fire scenarios 

In MSC/Circ.1002, the development of fire scenarios is initiated by an 

“Identification of fire hazards”, which at least should determine: pre-fire situation, 

ignition sources, initial fuels, secondary fuels, extension potential, target location, 

critical factors and relevant statistical data (IMO 2001). These conditions and 

characteristics may simply be listed but can also be the output from a standardized 

(What If?, FMEA, HAZOP, etc.) or applied procedure (e.g. Breuillard and 

Corrignan 2009). However, instead of an identification of hazards, the process rather 

becomes a way to incorporate effects from the (already identified) hazards into fire 

scenarios. 

According to MSC/Circ.1002, the fire hazards should be enumerated into 

one of the three incident classes localized, major and catastrophic. These incident 

classes are meant to signify the effect zone of the fire hazards, i.e. if the fire is 

confined in an area, the ship or spreading outside the boundaries of a ship (IMO 

2001). The instruction to tabulate fire hazards into these incident classes can, 

however, seem illogical with the standard definitions of hazard and incident within 

risk management (e.g. Kaplan and Garrick 1981). A hazard is namely merely a 

source of danger whilst the incident classes represent degrees of consequences. Such 

depend on the existence and function of risk control measures, which means that 

hazards are not necessarily related to outcomes (Evegren 2010a). 

If identified fire hazards are nevertheless to be enumerated in the specified 

classes, it could be claim that they correspond to the required hazards categories. 

‘Ignition sources’, ‘initial fuels’ and ‘secondary fuels’ then represent localized fire 



hazards whilst ‘extension potentials’ represent major fire hazards. However, truly 

major or catastrophic fire hazards will be few since the “Identification of fire 

hazards” focuses at each space and fire spread to adjacent spaces. Hence, in the 

translation of fire hazards into fire scenarios it is necessary to also consider the 

potential for escalating fires involving major parts of the ship. 

To continue the process it is useful to define design fires. Probabilities of 

functioning risk control measures are then ignored, resulting in the plausibly worst 

fire scenario for each space/area, with account to the introduced hazards. A design 

fire should consider identified ignition sources and fuels in the space, the potential 

for oxygen supply and fire spread, and other relevant conditions (see e.g. ISO 2006, 

Staffansson 2010). Design fires together with conditions and characteristics affecting 

fire development (failure of e.g. sprinkler system, detection, fire response, 

window/door) define distributions of fire scenarios. Depending on the aimed level 

for the quantitative analysis (see section 3.4.3), it can be relevant to categorize the 

conditions and characteristics. This allows grouping spaces with similar potential for 

fire development and representing each group by one fictitious space (ABS 2010). In 

this process it is particularly important that conditions differing between the 

alternative and prescriptive design are captured. If evacuation analysis is anticipated 

(e.g. Salem 2010), the categorization should also account for conditions affecting 

evacuation, e.g. number of exits and maximum walking distance.  

When it comes to selection of fire scenarios, fire hazards are still equated 

with incidents in MSC/Circ.1002. It is instructed to select a range of incidents which 

cover the largest and most probable range of enumerated fire hazards (IMO 2001). 

However, priority when selecting fire scenarios should be to include the introduced 

hazards. This is the purpose of the assessment; to evaluate effects of these hazards 



on fire safety. If all fire hazards cannot be covered in fire scenarios, the ambition 

should be to at least include those with potential to give significant effects. Fire 

hazards which cannot be quantified in fire scenarios should be managed in a 

different way, for example qualitatively. The Administration should be involved to 

ensure this and to limit subjective judgement in this process. It should also foresee 

whether the prescriptive design will represent an acceptable level of safety in the 

scenarios. 

 Development of trial alternative designs 

In a regulation 17 assessment, the fire safety of trial alternative designs is compared 

to that of a prescriptive design. Something that is not instructed in MSC/Circ.1002, 

but becomes a practical necessity in this process, is to determine a ‘base alternative 

design’ at the onset of the assessment (as e.g. in Breuillard and Corrignan 2009, 

Evegren 2010b, McGeorge et al. 2009). It should be defined as the ship with the 

introduced alternative solutions, including pre-determined added safety measures. It 

will thus be the design and arrangements which all trial alternative designs have in 

common and are based upon. If this is not defined, identification of hazards, 

development of fire scenarios etc. will have to be done for each trial alternative 

design, which is both inefficient and unsystematic. 

The trial alternative designs are supposed to be specified in the preliminary 

analysis report. However, new risk control measures and suitable combinations can 

be found later in the assessment, and their effects on safety are not clear. It is 

therefore difficult to finalize trial alternative designs at this stage; suitable 

combinations of risk control measures (risk control options) can be suggested, but 

the trial alternative designs should not be seen as final. 



 Quantitative analysis 

3.4.1 Manage fire hazards independently or safety holistically? 

The ultimate requirement for an alternative design is to provide at least the same 

degree of safety as prescriptive requirements (regulation 17.3.4.2). It may be 

relevant to quantify safety holistically in one measure but such an assessment would 

be performed at a very high level. If effects on safety can be separated and managed 

in smaller ‘areas’, it will often allow simpler evaluations. The assessment can for 

example be divided based on affected regulations (e.g. fire growth potential or 

containment of fire) or functional requirements (e.g. control of air supply or 

insulation of boundaries). Theoretically, each introduced hazard could be managed 

independently, but this requires that they are all unconnected. 

Large scopes may require dividing quantification in two parts; one part with 

the fire hazards possible to evaluate independently and one part with the fire hazards 

that must be quantified together. The hazards managed independently can be those 

which are judged unlikely to have effects on safety, easily handled by risk control 

measures or possible to disprove by tests. Other hazards may be necessary to 

manage independently since they are too uncertain or impossible include in fire 

scenarios (see e.g. Evegren 2013a). 

If hazards are managed independently or in small groups, safety will not be 

quantified in one holistic measure but sufficient total safety is ensured by achieving 

at least equivalency within each area. This requires larger safety margins but also 

less engineering rigor, since it allows evaluating the hazards at suitable levels, as 

further discussed below. 



3.4.2 Recommendable sophistication of the assessment 

The procedure outlined in MSC/Circ.1002 is a typical deterministic risk assessment 

of design fire scenarios. It is well described in engineering guides to performance-

based analysis of fire protection in buildings (e.g. SFPE 2006). In the development 

of design fire scenarios it is instructed to choose the largest but also the most 

probable range of incidents. This portion of probability takes the procedure from a 

worst-case to a plausible worst-case approach. Probabilities are still to a large degree 

ignored and assumed compensated by the assessment of plausible worst-case 

scenarios; if performance is superior in these major fires, the design is expected to 

be advantageous in all less severe scenarios. The uncertainties of this simplification 

and the undefined measure of conservatism included when developing design fire 

scenarios although make it unclear as to what risks are really accepted. 

MSC/Circ.1002 states that the scope of the assessment depends on the extent 

of deviations and of the alternative design and arrangements. If safety margins are to 

be kept reasonable and introduced novelty properly described in terms of fire safety, 

the assessment may need to be performed at a more sophisticated level. This can be 

interpreted from MSC/Circ.1002 (6.4.3) but is clearer described in MSC.1/Circ.1455 

(4.13.2). A less complicated assessment could also suffice if the base alternative 

design is simple. Since the term “engineering analysis” generally refers to a certain 

kind of risk assessment (SFPE 2006), the more general term “regulation 17 

assessment” is preferred.  

There are many different risk assessment methods of varying sophistication. 

They are often categorized based on their inclusion of quantitative measures 

(qualitative-quantitative) or on their consideration to likelihoods of outcomes 

(deterministic-probabilistic). A categorization which includes these features but 

depends on how uncertainties are treated with varying sophistication was presented 



by Pate-Cornell (1996). Based on this categorization and the experience of 

involvement in over a dozen regulation 17 assessments, it is recommendable to use 

four levels of assessments, illustrated in Figure 3 and described below. 

 

 

Figure 3. Evaluation of safety on different levels in risk assessment. 

 

Level A-Qualitative assessment: This level comprises the preliminary analysis in 

qualitative terms, with identification of hazards and development of fire scenarios. 

Hazards which are limited (have small effects on fire safety, imply small 

uncertainties or are easily mitigated with risk control measures) can be managed 

only qualitatively (see e.g. Evegren 2013b, and Hugosson 2011). Conclusions may 

be drawn from logic reasoning, statistics, proven solutions, tests, simple calculations 

etc. (Swedish National Board of Housing Building and Planning 2011). The 



magnitude of risks cannot be compared at this level and the cost-effectiveness of risk 

control measures cannot be ranked (Pate-Cornell 1996, level 0). 

Level B-Consequence assessment: A pure worst-case approach is an analysis of 

consequences without consideration to probability. However, since it is meaningless 

to design according to extremely conservative assumptions, a plausible worst-case 

approach is often applied, and intended at this level (see e.g. Evegren 2015, Rahm 

and Evegren 2012, Salem et al. 2015). A guide for such analysis is for example 

provided in (Rosenbaum 2005). As illustrated in Figure 3, consequences are 

compared of the scenarios (which should primarily represent introduced hazards), 

for example in terms of temperatures, visibility and toxic gases (Salem 2010, USA 

2012). Probabilities of the quantified scenarios are low and assumed the same in the 

prescriptive and alternative design. However, there is no attempt to manage 

probability, quantify uncertainty or judge conservatism of the scenarios. 

Comparisons of risks and risk-control measures at this level therefore have no real 

meaning and optimizations are seldom possible (Pate-Cornell 1996, level 2). To 

limit the measure of conservativism in the design fire scenarios it is useful to give 

best estimates to conditions which are in common for the alternative and prescriptive 

design. 

Level C-Reliability assessment: Instead of evaluating consequences when 

plausibly worst-case scenarios appear, evaluation can be made of probabilities of 

specific consequences (see e.g. Rahm 2011, Rahm 2012). This is for example 

tradition in design of load-bearing structures, where only the failure probability Pf is 

determined, i.e. for an assumed fixed consequence (CEN 2002). The selection of 

consequences should stem from the identified hazards and may advantageously be 

taken from functional requirements challenged in the regulations, e.g. failure of fire 



containment or structural integrity. Evaluation is thus made of the reliability of the 

“safety functions”, as illustrated in Figure 3. These are assumed associated with 

similar consequences for the alternative and prescriptive design, which is hence 

opposite from an assessment performed at level B. Common tools for the assessment 

are event tree, fault tree and Bayesian network. Uncertainties can by use of input 

distributions be quantified better than at the previous level but holistic comparison 

of risks and risk-control measures are still impossible. 

Level D-Probabilistic risk assessment: A probabilistic risk assessment accounts 

for the full notion of risk by considering for the whole distribution of consequences 

and probabilities (see e.g. Evegren 2013a, McGeorge, Höyning and Nordhammar 

2009, Povel and Radon 2010, Themelis and Spyrou 2010). The resulting probability 

density function can be presented as a risk curve, e.g. an FN-curve, illustrated in 

Figure 3. The dispersion due to knowledge uncertainty and stochastic uncertainty in 

input data is impossible to distinguish since they are aggregated into the risk curve 

(Pate-Cornell 1996, level 4). However, it is possible to assign distributions to 

describe secondary probabilities (Themelis et al. 2011), i.e. uncertainty about 

probability (Pate-Cornell 1996, level 5). These can be evaluated though Monte Carlo 

simulations, allowing use of confidence intervals instead of safety margins. 

The proposal of different levels to perform an assessment is much in line 

with the recommendation to manage hazards independently or in small groups. An 

assessment can include evaluations at several levels; some hazards may be possible 

to manage at a low level, to exclude them from further quantification at higher 

levels. Assessments at higher levels can thereby be kept as simple and delimited as 

possible. Applying a more sophisticated level of risk assessment does not only 

increase the level of detail and amount of engineering rigor. The documentation also 



becomes less transparent, and the end result may be harder to comprehend, approve 

and survey (Breuillard and Corrignan 2009).  

4. Conclusions 

A number of points have been identified where MSC/Circ.1002 is inconsistent and 

vague as a risk-based guideline. To effectively and systematically initiate the 

assessment it was concluded necessary to define a “base alternative design”, i.e. the 

ship with the pre-determined introduced alternative solutions. This simplifies the 

several steps of the assessment, including systematization of the development of trial 

alternative designs by simply adding suitable risk control options. These should 

derive from the introduced hazards, which are identified by deviated prescriptive 

requirements (IMO 2001). However, this process is insufficient due to 

inconsistencies in the regulations, which makes it necessary to consider all 

functional requirements of the regulations. 

Introduced fire hazards should as far as practicable be managed 

independently or in small groups, for which the assessment sophistication can be 

adapted. Four different levels were proposed for performing parts of or the whole 

assessment: 

• qualitative assessment; 

• consequence assessment; 

• reliability assessment; and 

• probabilistic risk assessment. 

The assessment sophistication and the discussed weaknesses of the procedure in 

MSC/Circ.1002 need to be considered when performing a regulation 17 assessment. 

Awaiting an update of the guidelines, this paper makes proposals for more 



harmonized and robust assessment of fire safety. This is needed to better provide for 

novel solutions, going beyond current regulations. 
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