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ABSTRACT

The fire safety regulations in SOLAS Ch.ll-2 areinided on historical data and they are largely
prescriptive in nature. As a result, the currenguéatory framework does not facilitate efficientfye much
needed innovation by the industry and unnecesséfiguities are imposed during the approval procdss
direct response to this situation this paper reparh an analytical formulation for the quantifiaati of fire

risk onboard passenger ships, which is foundedherRisk-based design methodology. The outcome of th
calculations are presented in the form of PLL arNFcurves in order to offer a direct means of
comparison with the current industry safety levdlbis development took place in the course of the
FIREPROOF project, which is partially funded by t@8 Framework Programme of the European
Commission.
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INTRODUCTION

Recent decades have witnessed a continuous inciredle size and complexity of passenger shipsnii@ag from the
popularity of cruise liners for leisure and holidpyrposes, and the transportation efficiency ofRRopassenger ships.
However, this trend has not been properly suppatedgulatory level with a rationalised fire sgfrlamework, which does
not penalise arrangements falling outside the refmitast experience, and nurtures innovation. Fitebabilistic Framework
for Onboard Fire Safetproject (FIREPROORyww.fireproof-project.eihas set out to change this situation by devetppin
a Risk-based Design (RBD) assessment frameworkss@las, 2009), at the heart of which lies the tioligerformance
assessment of the ship with respect to both ficeiwence and the ensuing societal consequences.

Although such rationalised approach of treatingtsatontradicts with the philosophy advocated irL88 Ch.lI-2, where
the objectives to contain, control and suppressaeahngved by a finite set of accident scenariognerability analysis), yet it
complies with the performance-based philosophychviaiready receives wide acceptance by the induEkry developments
in FIREPROOF build on this trend, which is suppdrtey the demonstrable results of the RBD methodglagd run in
parallel to other research projects concerned wlith analysis of flooding and damaged stability, egmGOALDS
(www.goalds.oryy FLOODSTAND fittp://floodstand.aalto)j and smaller ones within the remit of the Europ®éaritime
Safety AgencywWyww.emsa.europa.gu

In light of these parallel developments, the olecof this this paper is to report on the risk mloidhat lies in the centre of
the FIREPROOF methodology and to highlight the gbation, from the fire point of view, to the wid&BD approach to
ship safety.
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THE FIREPROOF CONCEPT

In light of a constant demand for larger, more clam@nd safer passenger ships, the pace of thelutéan and innovation
is too fast for comfort with respect to the undirdyregulatory fire framework of SOLAS Ch.lI-2, vehi is largely based on
past experience and the assessment of a handéxtreime accident scenarios. As a result, approsedrnes difficult and
allows little flexibility to explore the much neetiénnovative arrangements of modern passenger .shifisough the
introduction of performance-based assessmentdfiggneering methods) of alternative design arramgesnwith Regulation
17, (IMO, 2001), was a step in the right directiget the process remains open-ended and a compiebepproval process
is still missing.

On the other hand, analysis of historical data desonstrated that fire and flooding (due to callisiand grounding)
constitute 90% of accidents where ship had to lmddned. Although fire frequency is some 8 timeghéi than flooding,
fortunately enough it is far less catastrophic,Iqéh, 2007). Because of these reasons and desitg bne of the main
priorities in ship design, fire safety can be coampised when addressed purely as compliance torjptige rules.

Bearing in mind the above and given a substantdlylof knowledge generated in previous EU-funded e@mmercially
supported research projects, FIREPROOF was defisedsequel to the SAFEDOR projestvv.safedor.orljin the area of
fire risk analysis for passenger ships. Its ainoiuild on the systems and methods developed mwitki precursor and
develop a regulatory framework capable of ensufiegsafety of novel and existing designs throulgl application of the
RBD methodology. That is, the rational assessméfiteorisk, which pertains to events with catagtiic outcomes. In the
context of FIREPROOF, the outcome of a fire acdidenelated to the number of fatalities (societahsequences) of the
exposed passengers and crew onboard a ship.

In order to be in line with concurrent developmeirtsdamage stability, FIREPROOF will condense itaihgs in a
probabilistic framework in direct analogy to theedn SOLAS, Ch. II-1, which is currently under r&ioin in the GOALDS
project, (Figure 1).
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Figure 1: Probabilistic frameworks for flooding (existing) and fire (to be developed and proposed)

It is the intention of the FIREPROOF consortiumstdmit the project findings to IMO (FP sub-comnajtéor discussion
and further consideration.

RISK FORMULATION

In the RBD methodology, risk is definedtag chance of a losnd it is obtained by the product of probabilifyoacurrence
of an unwanted event and its ensuing consequei@esall practical purposes, risk is expressed asftaquency of
occurrence of exactly N number of fatalities papsfear (s-y), (Jasionowski and Vassalos, 2006):

fry(N) = fr,(hz)- pry (N |hz) [1]
i=1
Where
hz: a loss scenario (a series of events with catalsic outcome)



Nhz number of loss scenarios considered

fr: frequency of exactly N fatalities per s-y
froa frequency of occurrence of loss scenagmer s-y
pry: the probability of occurrence of exactly N faiak conditional on the occurrencelof

In the context of the current development care khba taken with respect to the following pointdieh signify the specific
nature of the fire as a physical phenomenon, thaptiance with concepts and definition in SOLAS G, and the
introduction new elements in the safety assessprectss.

The element of probability is mutually associatedhe fire ignition and the escalation of fire adésthe space of
origin. The notion of space here refers to theyp#s of fire spaces prescribed in SOLAS. Theifjrition is treated

as an event that takes place at any time and irspage onboard, ignoring the causes of fire infitkeplace (i.e.

root cause analysis is excluded from this develogmé&or this reason it is presented in the fornfreuency of

occurrence per s-y and SOLAS space.

The escalationof fire outside the space of origin is associdtethe failure to contain, control and suppressfittee
by the installed means (mechanical or manual) ambead through human (passenger or crew) interwenttire
escalation signifies the exposure of all passengatk crew located in the same fire zone to the difuents
(poisonous gases, oxygen depletion, heat, andilitisiteduction) and the impairment of the evacaatprocess to
adjacent fire zones, which could result in injurdesl fatalities.

Theconsequenceas the context of the current development corregpo loss of life, i.e. fatalities, which occuredu
to exposure to fire effluents and delays in theceation process. The latter element signifies tiygoirtance of the
spatial arrangement of the accommodation area sdgu@er ships, the easiness to reach a placeeofefafje in

such events, and the manner in which the locatidineoblocks the main escape routes.

The fire risk is expressed as the frequency of mber of (statistical) fatalities that could occwedto the fire
occurrence in a space per s-y. Howevenpbstic risk assessment process (according to the basmige of the
RBD methodology) implies that the total fire riskoslld correspond to theummationof all risk due to fire
occurrences on all spaces onboard.

Collation of the above elements in a single expoassesults in the following equation:

Where

Nspace

fry (N) = > fry.(space) - pr..(space)- pr, (N | space) [2]
i=1
fru(N): number of exactly N fatalities per s-y
frign(space): frequency of ignition in spacper s-y
presdspace): probability of fire escalation outside the spa€erigin

pry(N|spac@:  probability of experiencing exactly N fatalitidse to fire in spage

The nature of Equation 2 readily allows the expogssf fire risk in two conventional (and acceptadiIMO) ways:

Potential Loss of Life (PLL)

Nmax
PLL=E(N)= Y j- fry(N) [3]
j=1
F-N curve
Nmax
Fu(N) =D fry(N) [4]
j=1

Where Ny« is the number of passengers and crew onboardhipe Bhe following sections elaborate on the dstail the
three factors of Equation 2, all of which are depehents that have taken place in FIREPROOF.



FREQUENCY OF IGNITION

The formulation of the frequency of ignition is kdson statistical analyses of fire incident datduidings, (BSI, 2003),
and it is adopted as follows:

frg. (Space) = y(space) - A(space) [5]

Where
- y(space) is the historical frequency of ignition, in unit$ (s-y x m?)?, for the SOLAS categori that the space
under consideration is classified under (Tablexhyl
- A(spacg is the floor area of the space under consideration

In the context of FIREPROOF, where the developnoérat probabilistic framework is pursued, the higtalr frequency of
ignition per SOLAS space category will be derivedading to existing designs. For this purposegdhsample passenger
ships (hamed Ship 1, Ship 2 and Ship 3) have bsed fiom past research projects. The actual floea for each space A
is design inputo the calculations.

Table 1: 14 spaces defined in SOLAS Ch. 1I-2, Regation 9, (IMO, 2004)

Sgcl,_dAeS Space definition
1 Control station
2 Stairway
3 Corridors
4 Evacuation stations and external escape routes
5 Open deck spaces
6 Accommodation spaces for minor fire risk
7 Accommodation spaces for moderate fire risk
8 Accommodation spaces for greater fire risk
9 Sanitary and similar spaces
10 Tanks, voids and auxiliary machinery spacesritghitie or no fire risk
11 Auxiliary machinery spaces, cargo spaces, cargodmet oil tanks and other
similar spaces of moderate fire risk
12 Machinery spaces and main galleys
13 Store-rooms, workshops, pantries, etc.
14 Other spaces in which flammable liquids are stbw

The model presented in Equation 5 requires sontledujustification with respect to the variableslided concerning:

(i) The representation of the combustible materiats space, and
(i) The independency of the historical frequency anel fllbor area of the space, which will make the emos
formulation meaningful.

The first point has been considered in past fioident data and studies, (Tillander, 2004), and ihdicated that there is a
degree of correlation between the floor area opace and its combustible contents (various piedelsiraiture, floor
material, wall and ceiling coverings, fittings, ¢tdn this respect, the floor area of a spacelbmnsed in the formulation as a
representative measure of the fuel contained sgpace.

On the other hand, this is not the case for thitiggnfrequency per unit area and the floor area epace. The derivation of
historical frequency of ignition is based on thREPROOF incident database, which contains 152Irade@nd corresponds
to 463.13 s-y. The average fire ignition is 3.28/§-he graph presented in Figure 2 demonstratdsthieafloor areas per
SOLAS space category for the three sample shipwvérgspoor correlation (as it is demonstrated kg shatter of the data
points and the values of the correlation coeffici@rfor the exemplified linear model fit in eachsef with the frequencies
extracted from the database. It is therefore remidento assume that the two variables included guaEon 5 are
independent and the model is mathematically vallds result is also confirmed with fire accidentatistics in buildings,
(Hasofer et al., 2007).
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Figure 2: Statistical analysis on the correlation btween ignition frequency and total floor area

The last ingredient of the historical frequencyhie typical area per SOLAS space. This parameflarcte the exposure of
the space to ignition and it will be included i tmodel as follows:

historical frequencyof ignition y 1
S-y n(SPace) X Aypical(space)

y(spacg) = (6]

Where
- n(spacg is the number of spaces of the SOLAS category
- Aypica(Space) is the typical space area irf.m

The typical floor area per space (a design inpaitintroduced in the formulation of the ignition nebaccording to the
statistical properties of the space floor areatectdd from the sample ships and it will be repnése by the Rayleigh
distribution. An example is presented in Figur@B3OLAS category 6.
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Figure 3: Histogram and Rayleigh distribution fit

The development of the ignition model is preselmedetail in (Themelis et al, 2010).
PROBABILITY OF ESCALATION

Introduction

The Heat Release Rate (HRR) curve is one of the mmortant elements in fire safety engineeringlygsia. It is used for
defining “design fires” that include the main stag# a fire in an enclosure. These are, ittegpient, the growth, thefully



developedainddecaystage (Figure 4). Its shape controls importaet dmaracteristics and its ensuing consequences.

Heat
Release
Rate

- Z,

=

Time
Figure 4: Development of fire in an enclosure in tens of HRR (extracted from 1ISO 1999)

As it is discussed earlier in this paper, the piptge nature of fire safety regulations in theritime industry tends to
change with the introduction of the Regulation f flternative design and arrangements, the guielifor the
implementation of which originate to organisatidike 1SO (1999) and SFPE (2002). Along these lirreset ofdesign fires
are specified and their consequences are compar¢kose corresponding to the prescriptive desidatisas through
utilisation of fire modelling tools.

In this approach, the definition of a proper desiiga scenario plays a central role in the safetgeasment process. A
scenario is not only based on the parameters detatthe ignition and growth stages, but also englrformance of the fire
safety systems and the intervention of the crewchvban affect the development course and outcarhadire incident. The
necessity to quantify fire risks comes in direchtcadiction to the inherent uncertainty and vatigbiof all entailed
parameters in the definition of a fire scenari€act that calls for a probabilistic approach feefiodelling onboard ships.

In the work presented here, the objective is teetlgva comprehensive probabilistic model for manggincertainty in the
dominant fire development parameters. The shapkeoHRR curve will be determined by a generic fdatian that takes
into account various stages of fire developmer,itibensity and duration of the fire growth stathe, restrictions of growth
due to ventilation, the maximum value of HRR ackibvthe possible occurrence of flashover and thatidm of the fully
developed and decay stages. The values of theampters depend mainly on the fuel availability, geemetry of the space
and the size of the openings. There are severates®wf uncertainty, e.g. for the amount, the liocatthe type and the fire
growth characteristics of the combustible materialthe space under consideration. As such, theimorh parameters are
treated as random variables. However, the spetidit®f suitable probability distributions is onétbe laborious tasks of
the current methodology as relevant data from thatime industry is not always available. A detdienalysis of the model
for probabilistic generation of HRR curves is prégse in Themelis and Spyrou (2010).

Basic Formulation — Uncontrolled Fires

Considering the physics of a fire development, shape of an HHR curve could be determined by thlewimng key
parameters:

- The actual time until established burning occurs;

- The maximum HRR achieved,;

- The time to reach the maximum HRR;

- The restriction of the HRR growth due to ventilaticonditions,
- The occurrence of a steady phase and its duratianh;

- The time of starting the decay phase.

The generic formula that defines the HRR curve is:



Where
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Q(t): Heat release rate in kW,

o Fire growth coefficient in kWfs
tinc: Time until established burning occurs in s, and
T Decay coefficient.

The intention is to relate parameters describing ¢haracteristics (e.g. fire growth, fuel and fwad) with the parameters
that control the shape of the HRR curve in a proiséib manner. This is achieved by defining appiage distributions for
the following parameters:

The duration periotl,. of the incipient stage and the HRRCthat defines established burning;

The fire load density distributio®” , MJ/n?, for the enclosure;

The fire growth coefficient, which determines the intensity of the growth;

Maximum HRR densityQ"max, kW/n?, obtained by the amount and type of fuel;

The area of the fuel package m?;

The required HRR for ﬂashove&bF , KW, which depends on the geometry of the encighe thermal properties of
the boundaries and the size of the ventilation o,

The maximum HRRQV , KW, which can be achieved in ventilation conedllburning and it is determined by the

existing ventilation conditions;

The timety, where decay starts and it is calculated assurttiaj some percentage of the fire load has been
consumed; and

The decay parameterwhich is estimated by integrating the HRR curmd setting it equal to the total fire lo&d

It should be noted that the growth stage is desdriis &-squared fire, the fully developed (or steady) staga constant
HRR value, and the decay follows an exponential. IM@reover, the incipient stage, where the firengg immediately
growing with a power law, has been included in thedels considering that (i) smoke generation mayl o the fire
detection well before any more rapid fire growthddii) toxic gas production is much more prominantl threatening to
life. Figure 5 presents a set of generated HRResuand their comparison with experimental datafoabin fire.
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Figure 5: Generated HRR curves and comparison to geriments by Arvidson et al., (2008)



Fire Safety Systems

Although the basic formulation refers to uncontdlfires, in reality the presence of the fire safgtstems has a significant
effect on the fire development and the shape ofgémerated HRR curves (Figure 6). The systems waiehtaken into
consideration in the current context are the foifgy

Smoke detectorsthe detection of a fire will activate the fire ataand call for the on-duty fire fighting duty crew,
i.e. it will define the starting point of the callhe detector type (ionisation or optical (phototie) and its
obscuration rating are considered. The objectivéoigstimate the response of a smoke detector kmpwie
available fuels in the space (or the ignited fuélle type and the characteristics of the detemmexpressed by the
percentage of smoke obscuration per metre. Theiphas of the calculations were developed by Heskkeand
Delechatsios (1977), where the smoke detectorsisnasd to be a low-temperature fast response hesttde

Fixed—temperature heat detectdEsch sprinkler can act as a heat detector, ttausjodelling is primarily focused
on the response time index (RTI) and the activafiorelse operating) temperature, (Schifiliti et2002).

Automatic sprinkler Its activation will produce a suppression effgt can be modelled by introducing a suitable
decrease of the HRR curve. The characteristicketprinkler, such as the RTI, the activation terafpee and the
water mass flux are taken into account. Both ferdbetector and the sprinkler the activation time treir position
relatively to the fuel package are included in thedels, (Fleming, 2002). Finally, the reliability the sprinkler
systems is also taken into consideration as regpaimteohrmann et al., (2011). A demonstration & thicorporation

of fire safety systems on HRR curves is presemeéthemelis and Spyrou (2012).
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Figure 6: HRR curves for fast (left) and slow (righ) heat detectors and sprinkler respectively. Theelative position of
the fuel package to the sprinkler has been randomlgonsidered
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Manual Intervention and Fire Extinguishment

Information about the probabilities of failure arcsess in manual fire extinguishment for a givere sif fire (in terms of
flame area) and skill levels (one person with atingwisher, Fire Brigade and Fire Department) axerg by McDaniel
(2003). Obviously this data refers to building fartinguishment and association of such probadslito shipboard fires is
not straightforward. Here it will be assumed tha efficiency of an average crew person with arnguisher and the
efficiency of the intervening crew as a team to chathe respective efficiencies of land based figbtfng personnel,
although the dedicated training of the crew memfemsl their familiarity with the ship layout) sugge that they should be
more efficient.

The process for determining the probability of ded#l of the fire staff initiates by the definitiori a probability density
function referring to the time required for arrigiat the fire site, and takes into account delajated to human reaction and
decision-making, assembly and traveling towards dite, (Guarin et al 2007). The type of this dsition should be
deduced from relevant statistical data, but at skege of development the gamma distribution isirassl for the reaction
time (from the fire alarm until reaching the fichtion), along with a minimum value for the reawttime. This should be
increased by the time for the activation of the fitarm, which is assumed to coincide with the sradtection time.

Therefore, given the time of arrival of the fireitugperson or fire duty staff) to the fire locatiothe fire size at this time
instant could be known by the HRR curve (“uncomédl or “suppressed” fire). Then the fire size aoeald be specified
considering also the geometrical characteristicshef space and ratios of height to flame area af fices. Thus, the



probability of failure of the fire fighting unit edd be calculated. Table 2 and Table 3 summarissalts for the fire
extinguishment failure presented in Themelis angr@p(2012).

Table 2: Parameters for the definition of the gammalistribution

1% 50% 95%
percentile | percertile | percentile

Average trained person| 1.0 min 2.5 min 6.0 min
Fire duty staff 3.0min | 6.5min| 12.0 min

Table 3: Summary statistics for fire fighting unit's probability of failure

Fire duty staff Average trained person

Mean 5.32% 2.93%
St.deviation 13.61% 14.36%
95% 31.54% 9.03%

Probability of Insulation Failure and Fire Escalation

A straightforward way to examine insulation failuethe boundaries of the considered space isrtgpare the temperatures
that develop during the fire event with those @& fttandard fire time curve (BS, 1999). According®LAS (Chapter 11-2,
Reg.3) the effectiveness of the insulation bounganuld be tested (for example for a passengen &5 class boundaries
should be assumed). If in a specific time intethal temperature becomes greater than that of #melatd fire time curve it
should be deduced that there is insulation fail(teus, the rise of the temperature in the consitlemace should be
calculated. This could be obtained by CFD simulatio
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Figure 7: Probability of insulation failure for sprinkler with slow response time and different on-derand reliability
levels and manual suppression by crew consideringphotoelectric smoke detector. Uncontrolled fires i@ also
included.

However, an analytical formula referring to the eppayer temperature of the space of fire origis baen used here.
According to Walton and Thomas (2002) and takingp iaccount geometrical and thermal characteristicthe space
(enclosure are&r and effective heat transfer coefficiamtof the boundaries), ventilation characteristiosightHy, and area

A, of the opening) and knowing the heat releaseQatthe upper layer temperature in the fire spacebmestimated by
Equation 8:

QZ 1/3
T =T,,+68§ — [8]
o A, JH A



The crucial parameter in Equation 8 is the HRR @40 ) which depends on the aforementioned parameterslianussion.

Consideration of all this information will resuit the probability of insulation failure and theefiescalation outside the space
of origin (Figure 7).

CONSEQUENCE MODEL

The last element of Equation 2 is related to thesequences of fire. That is, the quantificationtleé probability of
experiencingexactly N fatalities out of the total number of passengmiboard given fire occurrence in a space onboard,
pry(N|spacg. In accordance to parallel developments in thea ak flooding, thePoisson distributionwill be used,
(Jasionowski, 2006). The Poisson distribution idiscrete distribution of a given number of eventswring in a fixed
interval of time with known average rate and indefently from the occurrence of the last event.

N

A
pry (N [space)=e T/ [9]
Where
- N number of fatalities (N\s a positive integer number)
- N average (expected) number of fatalitiess(a positive real number)

The Poisson distribution is also called faer of small numberdecause it is the probability distribution of areet that
occurs rarely but with many opportunities to happetween occurrences. Applications of the distidsutan be found in
every field related to counting, with the classi@mple of nuclear decay of atoms (if a particleayscit does not decay
again§. This example has remarkable resemblance to pephit fire events (in accordance with the RBD ps®s) and
their unfortunate outcomes.

Therefore, utilisation of Equation 9 requires thegtification of the average number of fatalitiefor each SOLAS space
onboard. In the course of the FIREPROOF projed ihiachieved by a combination of CFD and evacoaimulations.

This is a necessary approach as the historical atataanalytical tools of the first two terms of Btjan 2 are not readily
available in this case. This is also a cumbersopmoach considering the substantial number of sitras and the
extended processing time that is needed for deyithie necessary fatality rates.

Bearing this in mind, the general arrangement géeric passenger ship (used in past researchcfgpje populated with
sufficient detail for the needs of fire and evaamatanalysis, (Figure 8). That is, the quantifioatiof the fire effluents and
their dispersion time in the arrangement under idengtion and superposition of the results in thacaation process of all
passengers and crew to the adjacent zone. In thieecof this process the following points are afnairy concern:

- The passenger ship and the two adjacent fire zonatin all SOLAS spaces (Table 1) and present )th
sufficient variability between all kinds and sizesspaces, and (ii) complexity (in order not to whaplify the
problem) that facilitate generalisation of the ames of the simulations. That is, the fatality satieat will take
place for various SOLAS spaces can be used for stiips as well.

- The two generic fire zones allow the identificatioina set ofrisk metrics i.e. conditions during which the expected
number of fatalities will increase even when fircars in the same type of SOLAS space. Exampleabeofisk
metrics are the following:

o The variation in thalistribution of passengemnd crewduring night and day time will result in different
evacuation times irrespective of the fire origin.

0 Thelocation of the fire origirclose to an escape route will deem it inaccessibteeither limit the escape
options or force the exposed passengers and creeeio alternative routes to evacuate. In the latise
the exposure to toxic gases will be longer andrifwgies and fatalities will increase.

0 The consistency of the fire effluents in terms @fi¢ gas production (CO, HCN, etc.), oxygen depleti
and soot in the atmosphere, which result in vigjbieduction and extended evacuation times (dusptzd
reduction and loss of direction).

® http://en.wikipedia.org/wiki/Poisson_distribution



As a result the risk metrics will correspond to tiplication factors of the respective fatality rat@and will translate
to the weighting factors presented in Figure 1.

- Finally, in order to manage the very large numbesambinations of fire and evacuation situationd &me equally
large number of egress outcomes, a set of scerfa®been defined for a selected set of spaces/thadl result in
the highest exposure of the onboard populationt Ehaabins, public spaces like restaurants apditths, engine
room, car deck and balcony, as it is reported bynhilés et al, (2011).
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Figure 8: Generic drawings for fire analysis (left)and preparation for fire and evacuation simulation(right)

CASE STUDY

The intention of this section is to present a nucatrexample of the fire model developed in thigpgrain order to
demonstrate its applicability in the RBD contexiheTnecessary design information originates from afnthe sample ships
used in the course of FIREPROOF and the calculstiefer to the spaces of one deck in a fire zohe.&xposed population
due to fire in any of the compartments is 1500 @agsrs and crew. Table 4 summarises the necesgargnation for the
calculations.

The information in column (5) is obtained from tieport of Themelis et al, (2010), and column (&dkulated according to
Equation 6. The data in columns (7), (8) and (®)far illustration purposes only considering thiathee time of preparation
of this paper the numerical simulation results frBREPROOF were not available. It should be noked the fatality rates
at night are assumed to be four times higher tharcorresponding ones in the day case. Althoughdidice is arbitrary, it
is included here in order to demonstrate that tiveeiased awareness time described in (IMO, 2007y@duce the egress
efficiency from the exposed fire zone and therefiress the importance of identifying appropriéd& metrics in such set of
calculations.

Table 4: Calculations for the numerical example

1) (2 (3) (4) (5) (6) (7) (8) 9
SOLAS No. of spaces Space Floor area, HiiSt'n];trii?]' of frign(Space), f (SpACE) Fatality rate Fatality rate
space -orsp description [m?] g[s-y'l] ' [s-yY PreclSp (day) (night)

2 5 4 elevators & 11.52 0.059 1.024e-3 0.31 23.01 92.04
1 staircase ' ' ' ' ' '

7 156 Cabins 11.60 0.013 7.184e-6 0.28 15.50 62.00|
Electrical

10 1 room 5.00 5.75e-3 1.15e-3 0.02 1.80 7.20

13 2 1 pantry & 1 52.50 0.016 1.524e-4 0.52 23.45 93.80

provision area




The resulting F-N curves for both day and nightesaare presented in Figure 9 and the corresporilihgvalues are
2.945e-5 and 5.333e-4 respectively.
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Figure 9: The obtained F-N curves for the day and ight cases

The graphical representation of the calculatiot®ae a straightforward comparison between the FalN/& of the design
under consideration with respect to the ALARP ragiod historical fire accident data, which for tbése correspond to the
world passenger ships from 1982 to 2010. In thismeathe approval process of a new design candiidsed under the
knowledge that (i) a holistic approach has beelovigdd (i.e. no risk element has been ignored asdhéribution to fire risk
of all spaces onboard has been taken into consideragiod)ii) the results can be compared not only ajeach other (i.e.
between the day and night cases in this exampledlbo against any threshold that can be defineithisrdiagram.

CONCLUSIONS

In an era where new technologies and innovationaaneng the primary drivers of the industry, therent regulatory
framework retains its foundation on historical datal prescriptive approaches. In this manner, afhamew passenger ships
are not inherently unsafe with respect to fire, yaty face difficulties during the approval proceshich errs towards
penalising unnecessarily arrangements which falida the regulation regime.

Notwithstanding this situation and stemming frone tmature development and demonstrable benefitshef RBD
methodology in the area of damage stability andiigability, an analytical formulation for the quéitation of fire risk
onboard passenger ships is presented. This appbodldls on the physics of fire and the ensuing aadion process from the
outset, and because it is mathematically compatkie corresponding formulation for damage siigbiit contributes to
the development of a common risk model for floodamgl fire, which constitutes 90% of all seriousidents.
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