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Abstract 
 
In todays possibilities in using alternative material designs in the construction of ships there is 
a need for prescriptive regulations. Therefore this thesis was initiated to develop a draft on a 
part of a prescriptive regulation for Fiber Reinforced Polymers (FRP) on SOLAS – ships and 
to design simple but general regulations to avoid extensive Regulation – 17 analyses when 
making novel constructions. 
In “Safety of Life at Sea” (SOLAS) ships, all load bearing structures and A-class divisions 
must be constructed in steel or equivalent materials. With support of “Regulation – 17” an 
alternative material configuration can be approved if a risk assessment demonstrates that an 
equivalent safety is present. However a “Regulation 17 – analysis” tends to be quite extensive 
and is generally infeasible, therefore a smaller selective regulation is needed in each ships 
construction. 
 
The development of these new regulations was initiated by a literature study. Knowledge 
gained from this study paired with conclusions and experiences from earlier research studies 
and Regulation – 17 analyses were used to develop a draft for new regulations. 
In commercial ships, SOLAS class structural interchanges can be noted as follows:   
“A ” class divisions can be replaced by Fire Resisting Divisions – 60 minutes, further 
addressed as FRD – 60, if consisting of Fiber Reinforced Polymer structures with thermal 
insulation comparable to the “A” – class. 
“B” class divisions and lower requirements can be replaced by FRD – 30 minutes, further 
addressed as FRD – 30, if consisting of Fiber Reinforced Polymer structures with thermal 
insulation comparable to the “B” - class. 
At points of Joint between FRP constructions and Steel constructions the thermal conductivity 
must be analyzed so that a loss of time in fire resistance does not occur, due to the thermal 
conductivity of steel. These standards shall be to the satisfaction of the Administrations. 
Commercial passenger ships constructed mainly by Fiber Reinforced Polymers shall not have 
a traveling route more than 4 hours at 90 % of maximum speed from the coastline.  
 
The previously tested divisions FRD30 – 60 have been tested and created through previous 
Regulation – 17 analyses which this thesis has exploited in the development of prescriptive 
Regulations in alternative materials such as Fiber Reinforced Polymers.  
 
The division FRD – 240 is created in this thesis to enable the replacement of the most 
important parts of the ship for its survival at a point of imminent fire emergency, such as the 
superstructures, deckhouses and bulkheads. 
Finally, these prescriptive regulations for alternative material will develop a ship with 
combinations of steel and alternative materials. These joints, “hotspots”, must be thoroughly 
analyzed at the creation of the ship to avoid propagation of fire due to steels high thermal 
conductivity.  
When using FRD – 240 divisions these ships shall not exceed a distance from the coastline of 
more that 240 minutes. This distance shall be reached by definition of the vessel at 90 % of 
maximum speed.  The proposal of a 4-hour distance from land should be reviewed and 
specified for different ship types. 
At this point of developing new regulations, the machinery spaces regarding crowns, casings 
and floor plating are not addressed. However, in the future these constructions should be 
questioned and reviewed. 
Reevaluation of the demands of non-combustible materials in the ships classifications must be 
performed.   
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Sammanfattning 
 
I dagens fartygs konstruktioner med möjligheter att använda alternativa material finns ett stort 
behov av preskriptiva regler. Detta examensarbete initierades för att skapa ett utkast som en 
del av en normativ reglering för fiberarmerade polymerer på SOLAS – fartyg och att utforma 
enkla, men generella, regler för att undvika extensiva ”Regel – 17” analyser vid nya 
konstruktioner. 
På ett "Safety of Life at Sea" (SOLAS) fartyg skall alla bärande konstruktioner och A-klass 
indelningar byggas i stål eller ekvivalent material. Med stöd av "Regel – 17" kan en alternativ 
materialkonfiguration godkännas om en riskbedömning visar att en likvärdig säkerhet 
föreligger. Men en "Regel – 17” analys tenderar att bli omfattande och extensiv och måste 
utföras selektivt för varje fartygs konstruktion. 
Utvecklingen av reglerna inleddes med en litteraturstudie. Kunskap från denna studie parat 
med slutsatser och erfarenheter från tidigare studier och ”Regel – 17” analyser utgör grunden 
för förslaget till nya regler. 
 
I kommersiella fartyg, kan SOLAS klass förändringarna noteras på följande sätt: 
"A"- klassindelningar kan ersättas av ”Fire Resisting Divisions” - 60 minuter (brand 
begränsande indelningar – 60 minuter), behandlas vidare som FRD – 60, om de består av 
fiberarmerade polymer strukturer med värmeisolering jämförbar med den i "A" - klass. 
"B"- klassindelningar och lägre krav kan ersättas av ”Fire Resisting Divisions” - 30 minuter 
(brand begränsande indelningar – 30 minuter), behandlas vidare som FRD – 30, om de består 
av fiber-armerade polymerstrukturer med värmeisolering jämförbar med den i "B" - klass. 
Vid gemensamma punkter mellan FRP konstruktioner och Stålkonstruktioner måste 
värmeledningsförmågan och eventuell strålning analyseras så att en förlust av tid i 
brandmotstånd inte förekommer på grund av värmeledningsförmågan hos stål. Dessa 
standarder skall fastställas av lämplig statlig förvaltning, såsom sjöfartsverket. 
Kommersiella fartyg byggda huvudsakligen av fiberarmerade polymerer skall inte ha en 
resrutt längre än 4 timmar, vid 90 % av maximal hastighet, från kusten. 
 
Divisionerna FRD 30 – 60 har testats och skapas genom tidigare regel – 17 analyser som detta 
examensarbete har utnyttjat i skapandet av normativa förordningar för alternativa material. 
Men uppdelningen FRD – 240 minuter har skapats i detta examensarbete för att ersätta de 
viktigaste delarna av fartyget för att säkra dess överlevnad vid ett tillfälle av överhängande 
brand, såsom i överbyggnader, däckshus och skott. 
Dessa normativa regler är skapade för att alternativa material skall komma att skapa fartyg 
med kombinationer av stål och alternativa material som innehar motsvarande säkerhet 
avseende brand. Detta skapar, "hotspots" d.v.s. nyckelpunkter där komposit och stål möts, 
vilket noggrant måste analyseras i konstruktionen av fartyg för att undvika spridning av brand 
på grund av stål med hög värmeledningsförmåga. 
Vid användning av FRD – 240 divisioner får dessa fartyg inte överstiga ett avstånd från 
kusten av mer än 240 minuter. Detta avstånd skall uppnås genom definitionen av fartygets 
hastighet vid 90 % av maximal hastighet. Förslaget om ett 4-timmars avstånd från land bör 
ses över och specificeras för olika fartygstyper. 
I detta examensarbete, vid skapandet av nya regler, tas maskinrummet inte upp med avseende 
på höljen och golv-plätering. I framtiden bör även dessa konstruktioner ifrågasättas och 
granskas. En omvärdering av kraven på ett icke-brännbart material i fartygens klassificeringar 
bör också utföras.  
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Definitions 
For the purpose of the presented regulations, unless expressly provided otherwise: 

Regulations means the regulations contained in the annex to the present Convention. 
Administration means the Government of the State whose flag the ship is entitled to fly. 
Approved means approved by the Administration. 
A passenger is every person other than: 

a. The master and the members of the crew or other persons employed or engaged in 
any capacity on board a ship on the business of that ship. 

b. A child under one year of age. 
A passenger ship is a ship, which carries more than twelve passengers. 
A cargo ship is any ship, which is not a passenger ship. 
A tanker is a cargo ship constructed or adapted for the carriage in bulk of liquid cargoes 
of an inflammable nature. 
A fishing vessel is a vessel used for catching fish, whales, seals, walrus or other living 
resources of the sea. 
New ship means a ship the keel of which is laid or which is at a similar stage of 
construction on or after 25 May 1980. 
Existing ship means a ship, which is not a new ship. 
A mile is 1,852 m or 6,080 ft, referring to a nautical mile. 
Anniversary date means the day and the month of each year, which will correspond to 
the date of expiry of the relevant certificate. 
FRP = Fiber – Reinforced –Polymer. 
FRD = Fire – Resisting – Division. 
Steel or other equivalent material means any non-combustible material which, by itself 
or due to insulation provided, has structural and integrity properties equivalent to steel at 
the end of the applicable exposure to the standard fire test i.e. aluminum alloy with 
appropriate insulation). 
“Hotspots” = Joint points of steel and FRP composites. 
The Superstructure is any construction built above the main deck of a ship as an upward 
continuation of the sides. 
Bulkhead is any wall-like construction inside a ship, as for forming watertight 
compartments, subdividing space or strengthening the structure. 
Deckhouse is any enclosed structure projecting above the weather deck of a ship and, 
usually, surrounded by exposed deck area on all sides. 
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1. Introduction and Aim 
 
Constructions of ships have previously been made mainly by steel.  Steel has advantages such 
as stability and low flammability. However, it has disadvantages such as high weight and high 
maintenance demands. Therefore novel constructions in alternative materials have been 
proposed. One advantage is that the cost of fuel consumption is lower in FRP construction 
due to the lower total weight. However, these materials have disadvantages that need to be 
conquered such as their higher risk of flammability and smoke toxicity. Today the regulations 
for creating ships with alternative material are lacking and must be constructed through 
extensive analyses.  
 
The purpose of this thesis is; 1) to create a draft on a part of a prescriptive regulation for Fiber 
Reinforced Polymers in commercial – ships, 2) to design simple but general regulations in 
construction of ships avoiding extensive Regulation – 17 analysis when making novel 
constructions. 
 
Questions to be answered: 

1. What prescriptive requirements are appropriate for solutions in FRP composites? 
2. When and how are these demands applicable to prescriptive solutions in different 

commercial ships i.e. cargo and passenger vessels? 
3. What safety levels are appropriate in a cost and safety perspective? 
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2. Background 
 

2.1. General comments 
In “Safety of Life at Sea” (SOLAS) ships all load-bearing structures and A – class divisions 
must be constructed in steel or equivalent materials. A – class divisions are divisions 
constructed by steel or equivalent material with approved non-combustible materials. Also 
created to withstand one hour of the standard fire test and specified temperature rises, see 
Appendix.  With support of “Regulation – 17” (SOLAS II/2-17) an alternative material 
configuration can be approved if a risk assessment demonstrates that equivalent safety is 
present. With this at hand composite material will be approved in a SOLAS ship. 
However, a “Regulation – 17 analysis” tends to be quite extensive and must therefore be 
performed selectively in each ships construction. Therefore the industry has begun demanding 
prescriptive solutions for Fiber Reinforced Polymers, meaning general rules and regulations 
allowing safe constructions with these materials without demanding an extensive and costly 
risk assessment. 
 

2.1.1. Wood 
In the early times of Europe 8-9000 years ago the first boats made were out of wood and the 
types were probably log boats, rafts and skin boats. Also planks boats were made either sewn 
or stitched together with wooden pegs or iron rivets.1 
 
Sailing ships appeared firstly in Egypt and Mesopotamia in 3500 BC. The larger ships were 
constructed in Roman Empire and China in 1000 AD with a capacity of loading up to 1000 
tons. Wooden ships were constructed in the Nordic countries of Europe until recently at least 
with smaller commercial ships such as fishing trawlers and alike.  
The wooden ships developed in the early 1800:s were built with a steam engine as propulsion, 
still with the wooden hull and superstructure.1 
 
When wood is exposed to fire it loses strength and stiffness, it follows by burning and 
charring gradually at a rate of approximately 0.5 mm/min. The developed char due to fire 
exposure further along protects the wood behind from being directly heated by fire and so 
forth from quickly losing its load bearing capacity.18 
 

2.1.2. Steel  
Steel and iron gradually took over the production of the wooden hull during the 19th century. 
In the development of new metal built ships steel was later preferred over iron due to the 
relatively low strength in the iron plates used and the rusting probability. At first the iron and 
steel hulls and superstructures were riveted, but from the 1940s steel ships were welded.1 
 
Steel begins losing strength and stiffness at about 400 °C and above 600 °C more than half the 
strength is lost. So forth structural steel elements must in most cases of fire exposure be 
properly fire insulated. Proper insulation for steel could be sprayed on compounds, boards, 
mineral wool or intumescent paint keeping sufficient load-bearing capacity during fire 
exposure.18 
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2.1.3. SOLAS Regulation 17 
SOLAS (Safety of Life At Sea) stands as an important directive for merchant ships on 
international waters, which was adopted in 1929. The latest revision was in 1974 and is with 
updates and amendments still the regulation in use. The content is of twelve chapters 
comprising instructions in construction, life-saving appliances, safety of navigation and other 
measures for maritime safety. Chapter II-2 and its fire safety have always been of great 
concern regarding merchant ships. Obtaining sufficient fire safety according to SOLAS, the 
fire safety objectives and functional requirements are to be found in Regulation 2 and need to 
be met. This by fulfilling the prescriptive requirements, specified in the parts B, C, D, E and 
G or by presenting an alternative design and arrangement that is at least as safe as if it would 
have been designed according to prescriptive requirements. 
The latter option is described in SOLAS chapter II-2 Part F i.e. Regulation 17, which further 
in this report is referred to as Regulation 17. Further corresponding openings also exist in 
other parts of SOLAS such as life-saving appliances, machinery and electrical installations. 
The prescriptive fire safety requirements stipulate structural decks and bulkheads to be made 
in non-combustible materials whereas FRP composite is combustible. The procedure required 
by Regulation 17 is an engineering analysis following a summarized method in SOLAS 
followed by a description in more detail in MSC/Circ. 100217. These guidelines open up for 
using performance-based methods of fire safety engineering to verify that the fire safety of an 
alternative design is equivalent to the fire safety stipulated by prescriptive regulations, the 
concept referred to as “equivalence principle”. In short terms this procedure can be described 
as a two-step deterministic risk assessment, which is carried out by a design team. The two 
major parts with required performance are; the preliminary analysis in qualitative terms and 
the quantitative analysis.11 

2.2. Overall Composites utilized in ship constructions 
The knowledge and methods for creating composite compositions in ships have been 
developed since the 1970s when wet laminates where chopped from glass fiber-mats. Today 
sandwich hulls are built in the sizes of 30 meters and vacuum induced into the bulkheads. 
The efficiently designed composite structures can today give higher performance in terms of 
speed, range, load capacity and lower fuel consumption with the following lower operational 
costs, this compared to present steel or aluminum constructed vessels.7 
 
Today in ships construction regarding composites the most general solution in ships 
construction is fiber-reinforced polymer (FRP). 7 In fiber-reinforced polymers the fiber is a 
loadbearing component while the polymer stabilizes the fiber and distributes the load between 
fibers and finally creates a waterproof FRP construction. FRP strength and stiffness is related 
to the fiber and its position within the FRP.  
The different kind of fibers usually used in reinforcing contexts is carbon-, glass- and aramid 
fibers. Where the material properties can diversify largely between the different kinds of 
fibers, also large differences are possible in the same kind of fiber. 7 

 
A sandwich model in FRP is used in ships constructions mainly to enhance the strength 
without thickening the material extensively. The outer armoring material is usually made 
from polyester, vinyl-ester or epoxy. The core is made of polymer-foam or balsa, where the 
purpose is its low weight and maintaining satisfactory mechanical characteristics in shear and 
pressure in the thickness direction. 7 
Overall for composites in shipping the following mechanical characteristics are required; 
strength, stiffness and fatigue which tend to vary linearly with its density, where the higher 
density gives a better mechanical characteristic.7 
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2.2.1. Fibers 
Today there are several types of fibers used for reinforcement in composites; the most 
commonly used are carbon-, glass and aramid fibers. All fiber types are delivered on spools 
where the thread or rowing consists in hundreds of thin individual fibers. In shipping seldom 
single rowing’s are used, but weaved, sewn or chopped. 7 
There are different fiber compositions in fiber-reinforced polymers relating to their prior 
composition: carbon as CFRP, aramid fiber as AFRP and the glass fiber as GFRP.7 

2.2.1.1. Carbon fiber 
Carbon fiber upholds the highest strength and specific modulus of all fiber types, and thus 
generally holds a low strain at break (0.7- 2 %). Some characteristics are the non-existing 
thermal expansion, and the resistance to temperature, corrosion and moisture. The carbon 
fiber is electrically conductive and can consequently form a galvanic element with metals 
such as steel and aluminum. This should be avoided since the adhesion between metal and 
composite will deteriorate over time due to oxidation from the metal. This can be easily 
avoided with the use of glass fiber between them.2 
Carbon fiber usually consists of two materials, polyakrylnitril (PAN) fiber, or pitch: where 
PAN is the most commonly used. The reason why carbon fiber is strong in the fiber direction 
is due to the hexagonal atomic layers, where the layers lie very close to the fiber direction and 
thru that create a high modulus. Perpendicular to the fibers, it is the weaker van der Waals 
bond, which holds adjacent layers and gives the weaker modulus perpendicular fibers. The 
carbon fiber is in ambient temperature also very resistant to moisture, solvents, alkalis, weak 
acids and UV light.15 

2.2.1.2. Glass fiber 
Glass fiber is an inorganic product, which is produced by melted glass. It upholds high 
strength and is electrically insulating, also transparent which facilitates the quality control 
post-construction. There are five types of glass fiber used developing fiber-armed composites, 
E-glass, S-glass, AR-glass, D-glass and C-glass. E-glass is the cheapest and most commonly 
used type of glass; S-glass has a higher tensile strength and modulus, but both more expensive 
and poorly tolerant to alkaline. D-glass has excellent dielectric properties.7 

2.2.1.3. Aramid fiber 
Aramid fiber is an organic product made from a solution of aromatic polyamide. The fiber is 
anisotropic and provides a higher strength and modulus in the fiber direction. 15 
The aramid fiber is expensive and sensitive to moisture and UV-radiation. In shipping the 
aramid fiber is mostly used in local reinforcements as a ballistic protection. The specific 
strength is high and almost in the class with carbon fiber, but holds a lower modulus.7 

2.2.2. Matrices 
The fibers alone are not very helpful for the construction industry, since they cannot distribute 
loads between each other. Consequently matrices are needed connecting the fibers and 
distributing the loads between the fibers. Matrices in the construction industry consist mostly 
of thermosetting matrices such as polyester, epoxy or vinyl ester. They are all thermoset 
resins that are easy to process and have high resistance to chemical contaminants from the 
environment. The most common matrix material is epoxy, due to better material properties 
and longer life.15 
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2.2.3. Fiber Reinforced Polymer (FRP)  
The ideal FRP composite model consists of a lightweight core, which separates two stiff and 
strong fiber reinforced polymer laminates as in Figure 1 below. The core material in maritime 
applications of PVC (polyvinyl chloride) usually consists of foam or balsa wood and the face 
sheets are generally made by carbon or glass fiber reinforced polymer. When bonding these 
laminates on the core the composition makes an altogether lightweight construction material 
with very strong and rigid qualities. 
 
Figure 1 shows that carbon fiber is the stiffest and strongest in tensile strength of all FRP’s. 
The diagram shows that the FRP, in comparison to steel, doesn’t have a yielding point but is 
elastic until fracture. 15 In the maritime construction a woven mat is used particularly multi 
axial mats are used, which usually are called Non-Crimp Fabric (NCF). Stretched fibers laid 
down along the axis compose NCF, transversally and diagonally. By this construction of 
layers of mats the stiffness and strength increases even in thin FRP constructions compared to 
non-stretched fibers.7 
 
 

 
Figure 1. Stress-strain graph for comparison of the FRP's and soft steel. 15 

 
The typical Fiber Reinforced Polymer composite composition is a 50 mm PVC foam core (80 
kg/m3) surrounded by two 1,5 mm carbon fiber reinforced polymer laminates (2,100 kg/m3). 
A total weight for this FRP composite solution would be approximately 10.5 kg/m2, and the 
composite is able to replace a 7 mm steel plate with a weight of 55 kg/m2. Also when the 
additional fire safety measures are added to the weight the composite will still have a 
substantial weight-loss compared to steel. This makes the FRP composite alternative a more 
cost-effective constructional option in shipping.  
In combination with thermal insulation, the FRP constructions will uphold the standards set 
from SOLAS requirements on fire resistance for “A” – class divisions, as far as to the 
requirement of non-combustibility. See the Appendices for descriptions of the different 
classes in fire resistance.4, 5 
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Figure 2. Illustration of an FRP composite panel and a close-up on the lightweight core and the strong fiber 
reinforced laminates.3 

 
Figure 3 below shows an example of how an FRP composite deck with 60 minutes fire 
integrity, marked red, can be constructed. 
 

 
Figure 3. FRP composite deck with 60 minutes of fire integrity. 3 

 

2.3. Reaction to fire in Composites 

2.3.1. Time-to-ignition 
The organic resins e.g. polyesters, vinyl-esters and epoxies are most commonly used in 
composites and can ignite within a very short time of being exposed to hot fire. After ignition 
the composites often burn with large and high-temperature flames, which contributes to a 
rapid spread of fire. The reason of this rapid and hot reaction in organic resins is due to the 
volatiles released, which creates hotter and larger flames. The ignition usually occurs when 
the surface of a composite exposed to fire is heated to about endothermic decomposition 
temperature of the polymer matrix. The thermal decomposition reaction of the matrix 
produces flammable volatile gases that flow from the composites into the fire and ignite. 
Further, smaller volatile quantities are produced in the decomposition of organic sizing and 
binding agents, which coat the fibers reinforcement. Organic and combustible fibers aramid 
and polyethylene can also release volatiles.10 



14 
 

 
Figure 4. Ignition times for fiberglass composites with thermoset and thermoplastic matrices at the heat flux 75 kW, 
(PPS = Polyphenylene sulfide, PEEK = Polyether ketone and PMR  = Polyamide Resin.) 10  

 

2.3.2. Heat Release Rate 
The heat release rate (HRR) is the most important fire reaction property due to the fact that 
the heat released by a burning material can provide the additional thermal energy required for 
the growth and spread of fire. Heat release is the thermal energy produced when flammable 
decomposing products ignite and burn in the vicinity of a material in the fire or exposed to 
fire. No heat is released from the composite during the induction period of a fire, because the 
exposure time to external heat flux is insufficient to heat the composite to a decomposition 
reaction temperature. The highest value of heat release rate occurs over a period shortly after 
ignition, which gives an indication of the maximum ignitability of a material. This is due to 
the short-time release of heat from the ignition of flammable volatiles released from the resin-
rich surface film on the composite. After this moment the heat release rate decreases 
progressively over time due to the formation and growth of char at the hot surface. An 
illustration of this from an earlier research is presented in Figure 5.10 
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Figure 5. Heat release rate profile for a glass/vinyl ester composite to a heat flux of 50 kW/m2, when using a cone 
calorimeter.10 

2.3.3. Mass Loss 
The mass loss property gives a quantitative measure of the amount of materials that will 
decompose and be combusted in the fire. This value of organic materials in composites 
decomposition can be determined by measuring the weight change of a sample in common 
test instruments as the cone calorimeter.10 

2.3.4. Smoke 
The main safety concern with polymer composites is the generation of dense smoke in the 
fire. In smokes produced by burning composites there is a mix of small fragments of fiber and 
ultra-fine carbon (soot) particles. The smoke can be extremely dense and thereby reduce 
visibility causing disorientation and making it difficult fighting the fire. Fire studies, report 
that the smoke produced from highly flammable polymer composites are much more dense 
than the smoke from phenolic laminates. A comparison of smoke density is illustrated below 
in Figure 6.10 

 
Figure 6. Comparison of the maximum smoke density produced by thermoset and thermoplastic carbon fiber 
composites. 10 
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2.3.5. Smoke Toxicity 
Usually the toxic gases released during combustion pose a greater health hazard than the heat 
release rate. The main cause of death is recognized as the toxic effects of combustion product 
of the fire where the most toxic gas for the individual is carbon monoxide. The amount of 
produced carbon monoxide depends on the composition of the organics, temperature of the 
fire and the availability of oxygen.10 
 

2.3.6. Surface Spread of Flame 
The high flammability of many composites suggests a safety concern that flames could easily 
spread and increase the difficulty in containing and extinguishing the fire. This is the one key 
concern in the usage of composites in high fire-risk applications, consequently a huge effort 
has been made over many years in characterizing the flame spread properties of FRP 
materials and alike. Combustion behaviors regarding fiber reinforcements can have a major 
impact on flame spread. The composite usually have much higher flame spreading speed 
when reinforced with combustible fibers e.g. aramid and polyethylene, rather than non-
combustibles e.g. glass and carbon.10 
 

2.4 Risk control measures 
Two different types of risk control measures are presented in this thesis to address the fire 
safety in FRP composite constructions on external surfaces and in “hotspots” made from the 
joints of steel and FRP. Either a drencher system can be attached or a low flame spread 
material composition can be used accordingly for the fire safety. Both could be used, but to a 
higher cost and safety level, which will be further discussed. In this thesis the LEO – system 
is used as an example for low flame spread and will be further addressed below.  
 

2.4.1. Drencher system covering external surfaces and “hotspots” 
A drencher system, which covers all large vertical hazardous external FRP composite surfaces 
on open deck and openings (windows, doors etc.) facing exterior on outboard sides of the 
ship, decreases the probability of failure to prevent fire development on open deck. A 
drencher system may be applicable to 3l/(m2*min) and is activated at fire detection.4, 5 Earlier 
tests of large fire exposure show that after 3-5 minutes of exposure to a large hydrocarbon fire 
on unprotected composite panels the fire has spread and severely damaged 6 meters vertically. 
Such damage could cause a partial superstructure collapse particularly if constructed of 
panels. For a drencher system to be effective so forth an immediate activation is crucial, 
which could be made by using automatic flame detectors.4, 5An example of a drencher system 
on an external surface is presented in Figure 7. In this thesis one of the suggestions to risk 
controlling of “hotspots” is attaching a drencher system, which will be further addressed in 
the discussion. 
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Figure 7. Fire growth on external surfaces – external drencher 13 

2.4.2. Low-flame spread characteristics on surfaces 
Based on previously performed tests surfaces with low-flame spread characteristics limits the 
fire spread and contribution of heat released regarding FRP composites. Low-flame spread 
characteristics prolong the time until load-carrying capacity is affected and it also self-
extinguishes when the original fire source has burnt out. This leads to slow or no fast fire 
growth in the FRP composite. In the first ten minutes of fire the composites will not be 
involved in the fire at all and in the later stages its contribution to heat release by FRP 
composite is small compared to the initial fire. 4 An example used in earlier regulation-17 
analyses is the Lightweight with Extreme Opportunities system (LEO-system). This system 
will be used as an example also in this thesis, below and further in the discussion as an 
applicable risk control measure. 
 

2.4.3. Lightweight with Extreme Opportunities system (LEO-system) 
The LEO system is a low-flame spread characteristic with a composition of special glass fiber 
reinforcements, infusion resin and topcoat manufactured into sandwich models as the standard 
panels. This results in the same thickness, fiber fractions and resin absorption as today’s 
constructions. The infusion resin behaves like standard polyester but with a higher viscosity 
than the normal infusion resin. The topcoat is intumescent and the system is loaded with fire 
retarding additives. Fire tests performed have shown that in a worst-case external fire 
exposure the LEO system will limit the fire-spread and the contribution to heat released. This 
prolongs the time until the load-carrying capacity has any effect and it also self-extinguishes 
when the original fire source has burnt out. This means in short terms that there will be no fast 
fire growth in the composite. In the first ten minutes of the fire, composites will not be 
involved at all and in the later stages of the fire the contribution to the heat release by FRP 
composite is minor in comparison with the initial fire. 5 An example of the LEO-system is 
demonstrated in Figure 8, regrettably without time-vectors. 
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Figure 8. Fire growth on external composite surfaces - Improved reaction to fire properties, regrettably without time 
vectors. 13 

2.5. Definition of Fire Resisting Divisions 

2.5.1. Definition from the High Speed Craft Code (HSC Code) 8 
Fire resisting divisions are those divisions formed by bulkheads and decks, which comply 
with the following: 

• They shall be constructed of non-combustible or fire-restricting materials either by 
insulation or inherent fire resisting properties. 

• They shall be so constructed as to be capable of preventing the passage of smoke and 
flame up to the end of the appropriate fire protection time. 

• Where required, they shall maintain load-carrying capabilities up to the end of the 
appropriate fire protection time. 

• They shall have thermal properties such that the average temperature on the 
unexposed side will not rise more than 140 °C above the original temperature, nor will 
the temperature at any point, including any joint, rise more than 180 °C above the 
original temperature at the end of the predefined time of fire protection. 

 
Fire-restricting materials are those materials, which have properties complying with the Fire 
Test Procedures Code. These properties are such as that a construction should have the 
abilities to protect and insulate an area from adjacent areas of fire and separating them during 
the fire. 11 
 
Non-combustible material is a material, which neither burns nor gives off flammable vapors 
in sufficient quantity for self-ignition when heated to approximately 750 °C, this being 
determined in accordance with the Fire Test Procedures Code. 11 
In no case shall the structural fire protection time be less than 30 minutes. 8 
For a further description of fire-resisting divisions see the HSC Code or the amended 
Appendices. 
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2.5.2. General of the Fire Test Procedures Code 
Fire-resisting property is the ability of the construction to insulate/protect an area from the 
influence of a fire in an adjacent area by having separate developments during a fire. These 
constructions are fire-resisting bulkheads, decks, ceiling, linings and doors. Fire-resisting 
divisions for moderate fire hazards are classified as “fire-resisting divisions 30”. Fire-resisting 
divisions for major hazards are classified as “fire-resisting divisions 60”. The test for fire-
resistance should be for a minimum of 30 minutes for FRD30 and 60 minutes for FRD60. 
Regarding insulation the average unexposed face temperature rise should not be more than 
140 °C, and the temperature rise recorded by any of the individual unexposed face 
thermocouple should be more than 180 °C. Regarding integrity of fire-resisting divisions; 
there should be no flaming on the unexposed face, there should be no ignition, i.e. flaming or 
glowing, of the cotton wool pad and it should not be possible to enter the gap gauges into any 
opening in the specimen. 
For a further description of the fire test procedure code in the construction of fire-resisting 
divisions see the Appendix. 
 

2.5.3. Newly defined fire resisting divisions 
In this thesis two new divisions, FRD – 120 and FRD – 240, are presented as potential 
replacement in specific parts of commercial ships. This division will thus accordingly be 
further addressed in the discussion.  
 
Calculations have been made in the Appendix determining the insulation thickness in FRP 
constructions of new FRD – 120 and FRD – 240 divisions, where only the latter is used in the 
newly created regulations. 
In earlier FRD – 60 divisions a length of 100 mm insulation from FireMaster Marine Plus 
Blankets where used successfully. In the calculations for new FRD 120 – 240 divisions this is 
used as a base, with thermal insulation of 0.38 W/(m*K) and a density of 64 kg/m3 and 
maintaining 200 °C at the unexposed side of the FRP composite at the end of the determined 
time. 
The FRD – 120 division is to be constructed of 120 mm insulation maintaining 200 °C at the 
unexposed side of the FRP construction and the FRD – 240 divisions is to have an insulation 
length of 135 mm. These values are calculated from the base of assumptions made above and 
are described thoroughly in the Appendices. 
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3. Methods 
 
The development of the regulations was initiated with a literature study of relevant 
documents. Knowledge from this study paired with conclusions and experiences from where 
composite materials are previously accepted, such as ANEP-77 (Naval ship Code), SOLAS 
and High Speed Code, gave a foundation in developing regulations based on fire protection 
and cost/benefit based analysis and evaluations. 
 

3.1. Demarcations 
In this thesis only commercial ships i.e. Cargo and Passenger ships, will be addressed and 
thus excluding all military vessels. 
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4. Results 
 
The content of this result chapter is a synopsis and a draft of suggestions to improve and 
simplify the construction of ships with FRP compositions. These suggestions come from 
literature studies, as well as calculations, to suggest new simplified regulations in the 
construction of ships using alternative materials. The suggestions below are to be further 
discussed in the chapter analysis/ discussion. 

4.1 General 
Commercial ships such as Passenger and Cargo ships mainly constructed from FRP are to 
have a traveling route with a maximum distance of 4 hours from the coastline.8 Which 
maintains a reasonable safety for the ships survival and its passengers in the event of a fire, so 
that a rapid evacuation to land can be made easily. These prescriptive Regulations are 
developed to part from the current Regulation – 17 analyses necessary to avoid extensive 
analysis and to simplify the transition from steel construction to alternative materials. 
 

4.2. Common requirements to all ship types made of Fiber Reinforced Polymer 
composites 

• Commercial ships constructed mainly by Fiber Reinforced Plastic shall not have a 
traveling route more than 4 hours at 90 % of maximum speed from the coastline.8 

• In these commercial ships, from the SOLAS class structural interchange ability 
can be noted as follows:  

o “A” class divisions can be replaced by FRD – 60 if consisting of Fiber 
Reinforced Polymer structures with thermal insulation comparable to the 
“A” - class.5  

o “B” class divisions and lower requirements can be replaced by FRD – 30 if 
consisting of Fiber Reinforced Polymer structures with thermal insulation 
comparable to the “B” - class.5 

• At points of Joint between FRP constructions and Steel constructions the thermal 
conductivity must be analyzed so that a loss of time in fire resistance does not 
occur, due to the thermal conductivity of steel. These standards shall be agreed 
with the Administrations, see analysis/discussion. 

• Proper thermal insulation must be implemented when an FRP – Steel joint is 
constructed to prevent the temperature spread due to Steels higher thermal 
conductivity. This joint construction could also be replaced by a low flame spread 
characteristic material or a drencher system; these adjustments must be approved 
by proper Administration, see analysis/discussion.  

 

4.3. Containment of fire and Structural integrity 
 
In this section the results are divided into two different parts, 1) Containment of fire and 2) 
Structural integrity. For definitions of classification types, see the Appendices. 
The Regulations below are constructed in combinations of SOLAS, HSC and ANEP 43. 
Combining facts from these various documents and Engineering analysis reports made from 
Regulation 17. 
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4.3.1. Containment of fire 
 

4.3.1.1 Regulation for Containment of fire using Fiber Reinforced Polymer (FRP) 
composites 

4.3.1.1.1. Purpose 
The purpose of this regulation is to contain the fire in the space of its origin, using Fiber 
Reinforced Polymer. For this purpose, the following functional requirements shall be met: 

a) The ship shall be subdivided by thermal and structural boundaries. 
b) Thermal insulation of boundaries shall have regard due to the fire probability of 

the space and adjacent spaces. 
c) The fire integrity of the divisions shall be maintained at openings and penetrations. 
d) The fire growth potential shall be restricted at external surfaces. 

4.3.1.1.2. Thermal and structural boundaries 

4.3.1.1.2.1. Thermal and structural subdivision 
Ships of all types shall be subdivided into spaces by thermal and structural divisions regarding 
the risks of the spaces. 
 

4.3.1.1.2.1.1. Main vertical zones 
 

a) The hull shall be subdivided into main vertical zones by “A-60” class divisions, which 
shall be made of steel or other equivalent material.6, 9 

b) The superstructures and deckhouses shall be subdivided into main vertical zones by 
“A-60” class divisions, which can be replaced by FRD – 240 if the route is within a 
240 minutes distance from the coastline. This new classification will be commented in 
the discussion.8 

c) The bulkheads forming the boundaries of the main vertical zones above the bulkhead 
deck should be made of “A” class divisions, which can be replaced by a construction 
of FRD – 240, new suggestion see analysis/discussion. 

d) In further structures where requirements are made of “A” class divisions the 
boundaries can be replaced by FRD – 60.5 

e) In further structures where requirements are made of “B” class divisions the 
boundaries can be replaced by FRD – 30. The same requirement is made for lower 
classifications of fire resistance.5 

 

4.3.1.1.2.1.2. Fire integrity of decks (separating adjacent spaces) and horizontal zones 
 

a) The fire integrity standard depends on if the space is above or below the deck. As an 
example all adjacent spaces to Machinery spaces of category “A” are of class “A-60”, 
were machinery spaces of category A shall be made of steel.9 

b) Almost all other decks separating adjacent spaces are classified as “A-0” and can 
therefore be constructed in “FRD-60” and upholding the “A” class divisions goal to 
isolate smoke and fire for 60 minutes of time.4, 5  
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4.3.1.1.2.1.3. Fire growth potential, external surfaces 
 
All external surfaces made from Fiber Reinforced Polymers are to be made of low flame 
spread characteristics such as the LEO – system. An alternative may be a drencher system 
over openings (windows doors etc.) facing exteriors on outboard sides of the ship thereby 
reducing the probability of fire spread and development of fire on outboard sides of the ship.5 
Both alternatives can be used so that a potential fire spread on the external surface can be 
rapidly limited or extinguished. 
 

4.3.2. Structural integrity 
 

4.3.2.1. Regulation for Structural Integrity using Fiber Reinforced Polymer 
(FRP) composites 

4.3.2.1.1. Purpose 
The purpose of this regulation is to maintain structural integrity of the ship, preventing partial 
or whole collapse of the ship structures due to strength deterioration by heat. For this purpose, 
Fiber Reinforced Polymers is used in the ship’s structure to ensure that the structural integrity 
is not degraded due to fire.  
 

4.3.2.1.2. Performance requirements 

4.3.2.1.2.1. Common requirements to all ship types made of FRP composites 
a) If load bearing structures are made of combustible material, their insulation shall 

be such that their temperatures will not rise to a level where deterioration of the 
construction will occur to such an extent that the load-carrying capabilities will be 
impaired, when exposed for the structural fire protection time to the tests required 
by the FTP code or other standard agreed by the Administration.6 

b) Sufficient integrity is to be maintained during and following the fire by a fire-
protecting load bearing structure and fire divisions to prevent the whole or partial 
collapse of the ship’s structure due to deterioration by heat. Structural deformation 
as a result of fire should not obstruct access for escape, maintenance of essential 
services and fire fighting activities.6 

c) Materials readily rendered ineffective by heat shall not be used for overboard 
scuppers, sanitary discharges, and other outlets, which are below the submergence, 
limit and where the failure of the material in the event of fire would rise to danger 
of flooding. The Administration may also restrict the use of such materials for all 
components preserving internal watertight integrity.6, 9 

d) The raised floor plating and supporting structure of normal passageways in 
machinery spaces category A, staircases, and access ladders, shall be made of 
steel.9 

e) At points of Joint between FRP constructions and Steel constructions the thermal 
conductivity must be analyzed so that a loss of time in fire resistance does not 
occur, due to the thermal conductivity of steel. These standards shall be agreed 
with the Administrations, see analysis/discussion. 
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4.3.2.1.2.2. Material of hull, superstructures, structural bulkheads, decks and deckhouses 
a) The hull shall be constructed of steel or other equivalent material. 7 
b) Superstructures, decks and deckhouses can replace steel with FRP constructions 

provided it upholds the thermal insulation standards set by the classifications.  
c) Structural bulkheads can replace steel if constructed by FRD – 240.  
d)  “A” class divisions can be replaced by FRD – 60 if consisting of FRP composites, 

FRD – 240 in bulkheads a new classification, see discussion. 5 
e) “B” class divisions and lower requirements can be replaced by FRD – 30 

consisting of composite materials. 5 
 
 
The following regarding Machinery spaces of category A, is present only to point out that no 
changes have been made in the SOLAS regulation. 

4.3.2.1.2. Machinery spaces of category A 

4.3.2.1.2.1. Crowns and casings 
Crowns and casings of machinery spaces of category A shall be of steel construction and shall 
be insulated as required by tables 9.5 and 9.7 in SOLAS. 

4.3.2.1.2.2. Floor plating 
The floor plating of normal passageways in machinery spaces of category A shall be made of 
steel. 
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5. Analysis/Discussion 
 
In this thesis an investigation has been made, through literature research, in regulations for 
construction of commercial ships. The particular interest in the thesis has been to evaluate 
possible replacements from steel structure to Fiber Reinforced Polymer solutions. Particularly 
the investigation has been made in SOLAS, NATO and High Speed Craft Code (HSC Code) 
regulations for construction of ships. Through investigations of Regulation – 17 analyses, a 
determination has been made where in the ships construction FRP constructions can be 
utilized instead of steel constructions. 
The major differences between steel constructed ships and Fiber Reinforced Polymer ships 
are the decrease of weight, which is up to a fifth of steel. Further the displacement is 
enhanced by 30 % in FRP constructed ships vs. steel. 
Finally the maintenance of a FRP constructed ship may be less than that of a similar steel 
constructed vessel. However this is just a speculation in the assumption of the mitigation of 
steel rusting.  
 

5.1. What demands are appropriate for prescriptive solutions in fiber-
reinforced polymers? 

 
In the SOLAS Regulation it is stated: “The hull, superstructures, structural bulkheads, decks 
and deckhouses shall be constructed of steel or other equivalent material”.  
The equivalent material used is supposed to be of a non-combustible material. To evade steel, 
aluminum or other metals in the construction of ships and to use fiber reinforced polymer 
materials; the Regulations considering alternative materials must be rewritten in the term of 
equivalent materials used. 
 

5.1.1. How is equivalent material defined? 
In SOLAS Regulation 17 there are two specific demands: 1) fire safety objectives and 2) 
functional requirements. The functional requirements will not be discussed in this thesis but it 
is of utter importance for the ships functionality and safety. 
When discussing equivalent material only combustibility, structural integrity and containment 
of fire will be discussed. According to SOLAS in the creation of and use of alternative 
materials there is no specific definition of an equivalent material. But from Regulation 17 
there are guidelines (MSC Circ. 1002) to the procedure in creating a vessel with alternative 
and equivalent materials to steel constructions. Consequently each proposition must be tested 
and analyzed experimentally in bench experiments to maintain equivalence to steel 
constructions. 
 

5.1.2. FRD as a substitute for steel in ship constructions 
SOLAS “A” – class divisions state that the division shall prevent the passage of smoke and 
flame to the end of the one-hour standard fire test. The material should be suitably stiffened. 
“A” – class is then further subdivided into class “A-0” to “A-60” depending on time of the 
future temperature rise of 140 – 180 °C on the unexposed side. “B” class divisions state that 
the division shall prevent the passage of smoke and flame to the end of first half hour of the 
standard fire test. Further subdivisions of “B” class depends on temperature rise on the 
unexposed side between 140 – 225 °C, with time interval requirements between 0 – 15 
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minutes. Finally “C” class divisions are defined with no requirements for smoke, flame and 
temperatures, see the Appendices. 
 
“A” class divisions can be replaced by FRD60 according to previously performed Regulation 
17 analyses.4, 5 “B” class divisions can be replaced by FRD30 also according to previously 
performed Regulation 17 analyses.4, 5 FRP composite is a combustible material, but the time 
limits set by requirements are upheld and the FRP constructions are not to be handled as 
combustible until after the time limit has expired. 
By maintaining a realistic safety requirement of the ships survival this thesis has defined a 
new division called FRD – 240. This new division shall uphold the same requirements as in 
an “A” class divisions regarding temperature, flame and smoke spread but to the time of 240 
minutes. In this thesis the speculation is that FRD – 240 can replace steel constructions of “A-
60” in vertical zones of superstructures, deckhouses and bulkheads. These are the main 
structures of importance for the survival of the ship in case of a fire, excluding the hull that is 
made of steel. To further emphasize the survival of the ship a proposition is made that vessels 
with these constructions (FRD - 240) shall not exceed a distance from the coastline of more 
that 240 minutes. This distance shall be reached by definition of the vessel at 90 % of 
maximum speed. This speed is calculated from the vessels theoretical maximum speed at the 
construction. Weather conditions in the estimations that follow are to be the Captain’s 
responsibility in the general safety of the ship and it’s survival. 
 
These FRD constructions of 30, 60 and 240 minutes create an overall higher thermal safety 
vs. steel constructions. Steel constructions do not require temperature restrictions on the 
unexposed side such as the FRD constructions do. As an example the replacement of “A-0” to 
FRD60 give a 60-minute window of higher thermal insulation. Increasing the safety levels up 
to 240 minutes will further enhance the thermal insulation 4 times longer than the “A-60” 
divisions.  
The joint points of FRP and steel constructions must be particularly addressed in accordance 
with safety. When steels temperature is elevated in a situation of fire the joint point will be 
hotspots due to steels thermal conductivity. To avoid the propagation of fire at these hotspots 
the FRP constructions shall be reinforced either through material constructions and/or a 
drencher system connected to these joint points. Further example of reinforcement is an 
application of flame protection paints.  
 
At this point of developing new regulations the Machinery spaces are not addressed. However 
in the future these constructions should be questioned and reviewed addressing the thermal 
conductivity due to its steel construction. 
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5.2. When and how are these demands applicable to prescriptive solutions in 
operational situations and different ship classifications i.e. cargo and 
passengers vessels? 

 
The proposal of a 4-hour distance from land should be reviewed and specified for different 
ship types. Passenger ships should have this 4-hour distance from the coastline due to the vast 
amount of passengers onboard. As a general rule, the more passengers aboard the closer to the 
coastline the ship should navigate. This is to simplify the evacuation of passengers in the 
event of an emergency.  
This time limit of 4-hours to the coastline may not be applicable to cargo ships or other non-
passenger vessels. To these commercial ships a proposition is made of 8 hours due to the 
absence of the vast amount of passengers.8 The limited amount of crewmembers even in large 
cargo ships can be rescued through SAR (Search And Rescue), life rafts and vicinity vessels. 
 

5.2.1. LEO – system vs. drencher system 
The Leo system consists of a special glass fiber reinforcement, infusion resin and topcoat. The 
advantages of this system is the limitation of fire-spread, which limits the contribution of heat 
released. Due to this system a prolongation is made in the load-carrying capacity and it self-
extinguishes when the original fire source has burnt out or is exterminated. The disadvantages 
are that the temperature is not lowered during the fire development by to the LEO-system and 
the temperature rise will be prolonged after the extermination of the fire.  
The drencher system means a sprinkler system, which exterminates the fire, but also 
decreases the temperature in the affected environment of fire. The combination of both 
systems may be recommended, but is probably not cost-effective. 
 
 

5.3. What safety demand levels are applicable in a cost and safety perspective? 
 
The most important prerequisite for the survival and stability of the vessel is the solid hull. In 
SOLAS the requirements are of steel or equivalent material. This thesis does not address this 
question in making these replacements with FRP, however writing prescriptive regulations for 
this is a probable future task.  
In the construction of superstructures, deckhouses and bulkheads this thesis creates and 
suggests the replacement of steel constructions with FRD - 240. These high value thermal 
insulation replacements are four times higher than the steel construction of “A-60”, but are 
made to ensure the absence of a whole collapse inside the ship in the event of a fire. These 
FRD - 240 divisions are a novel class to be tested and constructed in the near future. This 
would be a revolutionary step forward in the construction of new and lighter ships without 
decreasing demands for safety at sea. FRD – 240 constructions will be an engineering 
challenge, hence calculations have been made in the proposition of new thermal insulation 
lengths. These calculations demonstrate that the dimensions of FRD – 240 only needs to be 
constructed with 135 mm of insulation, see Appendix. However, bench research should give 
answers according to what thickness and performance these new divisions should have.  
 
Speculatively, a quadrupled dimension is not adequate in most ships constructions as this will 
occupy much space and weight wise is in the vicinity of steel. Consequently one of the major 
advantages i.e. the weight decrease will be lost. However the other advantages by FRP 
constructions remain i.e. the ship maintenance and the lower thermal conductivity vs. steel.  
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To further maintain a high safety for passengers and crew members in ships with less steel 
construction a proposition is made that passenger ships should not have a distance of more 
than 4 hours from the coastline at 90 % of maximum speed. This distance should be relative 
and adjusted by the Captain of each ship according to currents and weather conditions. 
Further adjustments should be made in relation to time from the coastline considering non-
passenger ships where a probable time of 8 hours may be applicable. At this time the distance 
is calculated from the ships theoretical maximum speed and shall presently be normative. 
 
When constructing these vessels with prescriptive rules of FRP constructions more “hotspots” 
will be at hand when steel and FRP meet. These “hotspots” will increase the probability of 
fire. Therefore combinations of a higher and compensating FRD divisions are needed. 
Alternatively, the usage of the LEO-system and/or a drencher system is applicable. 
 
The disadvantages of maintenance and potential reparations are of great importance for the 
purchaser of the ship. The purchasers must have guarantees, excluding the warranty, that there 
are available shipyards for maintenance for these types of vessels reaching the full life span. 
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6. Conclusions 
In this thesis FRP constructions have been addressed in the purpose of developing FRD 
divisions and replacements for steel constructions. The purpose of this thesis was to develop a 
draft of a regulation for prescriptive solutions in alternative materials, in which this thesis has 
been specific regarding FRP constructions. The absence of prescriptive regulations when 
excluding steel in the constructions of ships imposed together with Regulation – 17 that an 
extensive analysis is necessary. 
The previously tested divisions FRD30 – 60 have been tested and developed through previous 
Regulation – 17 analyses which this thesis has exploited in the development of prescriptive 
Regulations in alternative materials. The division FRD - 240 is developed in this thesis to 
replace the most important parts of the ship for its survival at a point of imminent fire 
emergency, such as the superstructures, deckhouses and bulkheads. 
Finally, these prescriptive regulations for alternative materials will regulate the development 
of ships with combinations of steel and alternative materials. These joints, “hotspots”, must be 
thoroughly analyzed at the design of the ship to avoid propagation of fire due to steels higher 
thermal conductivity. In this thesis a proposal is made to either use the LEO-system and/or 
drencher systems to decrease this enhanced risk of fire propagation. This must be determined 
by proper Administration. 
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7. Recommendations 
 

a) The new division FRD - 240 shall uphold the same requirements as in an “A” class 
divisions regarding temperature, flame and smoke spread but to the time of 240 
minutes. In this thesis the speculation is that FRD – 240 can replace steel 
constructions of “A-60” in vertical zones of superstructures, deckhouses and 
bulkheads.  

b) When using FRD – 240 divisions these ships shall not exceed a distance from the 
coastline of more that 240 minutes. This distance shall be reached by definition of 
the vessel at 90 % of maximum viable speed.  

c) The proposal of a 4-hour distance from land should be reviewed and specified for 
different ship types. 

d) At this point of developing new regulations the machinery spaces are not 
addressed. However in the future these constructions should be questioned and 
reviewed. 

e) Reevaluation of the demand non-combustible in the ship classifications must be 
performed. 
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Appendix 
 
Appendix A and B is inserted from SOLAS, Chapter II-2: Construction – fire protection, 
detection, and extinction. Appendix C is the Resolution of MSC.45 (65) for test procedures 
for fire-resisting divisions of high-speed craft. 
 

Regulation 17, alternative design and arrangements 
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Regulation 3, definitions of classifications 
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Fire Test Procedure Code for fire resisting divisions 
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Calculations for insulation in the new fire resisting divisions 
 
The newly proposed FRD120 – 240 divisions in this thesis are calculated using the ISO 834 
standard curve in Figure 11 and the standard equation following below.13 
 

 
Figure 9. The standard time temperature curve according to EN 1363-1 or ISO 834. 18 

 
𝑇𝑇𝑔𝑔 = 20 + 345 ∗ log(8 ∗ 𝑡𝑡 + 1) , 𝑡𝑡 = 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑖𝑖 𝑡𝑡𝑡𝑡𝑖𝑖𝑚𝑚𝑡𝑡𝑡𝑡𝑚𝑚.13 
 

𝑇𝑇𝑔𝑔(30 𝑡𝑡𝑡𝑡𝑖𝑖) = 842𝜊𝜊𝐶𝐶 
𝑇𝑇𝑔𝑔(60 𝑡𝑡𝑡𝑡𝑖𝑖) = 945𝜊𝜊𝐶𝐶 
𝑇𝑇𝑔𝑔(120 𝑡𝑡𝑡𝑡𝑖𝑖) = 1049𝜊𝜊𝐶𝐶 
𝑇𝑇𝑔𝑔(240 𝑡𝑡𝑡𝑡𝑖𝑖) = 1153𝜊𝜊𝐶𝐶 

 
The FRD divisions in theory are created from earlier Regulation 17 analyses made from FRP 
constructions.4, 5 The typical FRP composite construction is from a 50 mm PVC foam core 
surrounded by 1.5 mm carbon fiber reinforced polymer laminates as illustrated in Figure 10. 
These compositions are further followed by a proper thermal insulation depending on the time 
of fire integrity intended, as illustrated in Figure 11. 
 
 

 
Figure 10. Illustration of a FRP composite panel (top) and a close-up on the lightweight core and the rigid strong fiber 
reinforced laminates (bottom).3 
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Figure 11. FRP composite deck with 60 minutes of thermal insulation tested according to MSC.45 (65). 3 

 
In earlier FRD60 divisions a length of 100 mm insulation from FireMaster Marine Plus 
Blankets where used successfully, in the calculations for new FRD120 – 240 divisions this is 
used as a base, with thermal insulation of 0.38 W/(m*K) and a density of 64 kg/m3. 
A summation of the thermal conductivity for the composite composition was calculated from 
values given from Michael Rahm and earlier SP researching. As following; PVC 0.045 
W/(m*K) and glass fiber laminates 0.051 W/(m*K), the summation was calculated with 
equations following: 18 

 
The thermal resistance is calculated using following equations: 18 

 

R =
l
k

 [−] 
 

kFRP =
1
R

=
1

llaminate
klaminate

+ lPVC foam
kPVC foam

+ llaminate
kLaminate

=
52
55

W
mK

 

 
The total thermal resistance R is calculated using following equation at the time of 60 minutes 
of fire: 18 
 

R =
l
k

=
linsulation
kinsulation

+
lFRP
kFRP

= 0.325 [−] 

 
The heat flow through the wall is calculated using following equation: 18 
 

�̇�𝑞"𝑡𝑡𝑡𝑡𝑡𝑡 =
Texposed side − Tunexposed side

Rtot
=

945 − 200
0.325

= 2292 [
W
m2] 

 
 
Since there is no added heat flow inside the wall the heat flux will be constant through the 
wall and Q=0 from the strong form so forth Fourier’s law can be used.12 According to 
Fourier’s law the heat flux is given by the equation following: 12 
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q"𝑡𝑡𝑡𝑡𝑡𝑡̇ = 𝑞𝑞𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑡𝑡𝑖𝑖𝑡𝑡𝑖𝑖 = 𝑞𝑞𝐹𝐹𝐹𝐹𝐹𝐹 = 2292 [
W
m2]  

 

𝑞𝑞 = −𝑘𝑘
𝑑𝑑𝑇𝑇
𝑑𝑑𝑑𝑑

 
 
Using these equations and the assumptions of heat flow and insulation length of 100 mm at 60 
minutes of the ISO834 curve, the temperature between the insulation is estimated to be 
342°C, and is further addressed to as T2. T1 is addressed as the temperature on the exposed 
side of the divisions and T3 the unexposed. 
T2 will remain the same in calculations of the new insulation lengths for 120 and 240 minutes 
of the ISO834 curve, due to the constant heat flow and varying insulation length. 
 
At 120 minutes T1= 1049 °C, according to the ISO834 curve, and the length of the insulation 
is calculated as follows: 
 

𝑙𝑙𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑡𝑡𝑖𝑖𝑡𝑡𝑖𝑖 = −𝑘𝑘𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑡𝑡𝑖𝑖𝑡𝑡𝑖𝑖
𝑇𝑇2 − 𝑇𝑇1
𝑞𝑞

= 0.1172 𝑡𝑡 ≈ 0.120 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑚𝑚𝑚𝑚 = 120 𝑡𝑡𝑡𝑡 

 
At 240 minutes T1= 1153 °C, according to the ISO834 curve, and the length of the insulation 
is calculated as follows: 
 

𝑙𝑙𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑡𝑡𝑖𝑖𝑡𝑡𝑖𝑖 = −𝑘𝑘𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑡𝑡𝑖𝑖𝑡𝑡𝑖𝑖
𝑇𝑇2 − 𝑇𝑇1
𝑞𝑞

= 0.1344 𝑡𝑡 ≈ 0.135 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑚𝑚𝑚𝑚 = 135 𝑡𝑡𝑡𝑡 

 


