
11
th

 International Conference on Sandwich Structures (ICSS-11)                             L.A.Carlsson, C.Berggreen & Y.D.S.Rajapakse (editors) 

 

Fire protection of FRP composite ship balconies 

Franz Evegren
1
 and Michael Rahm

2
 

1 
Fire Research, SP Technical Research Institute of Sweden, Box 857, 

SE-501 15 Borås, SWEDEN, franz.evegren@sp.se 
2 Fire Research, SP Technical Research Institute of Sweden, Box 857, 

SE-501 15 Borås, SWEDEN, michael.rahm@sp.se 

 

INTRODUCTION 

Load-bearing structures on large ships are traditionally made of steel 

but there is great potential in using lightweight materials. The pos-

sibilities for using lightweight sandwich structures in maritime con-

struction applications were investigated in the research project 

LASS, Lightweight construction Applications at Sea [1, 2], aimed at 

improving the efficiency of maritime transport. The project showed 

that a reduction in structural weight of up to 60% is achievable by 

using fiber reinforced polymer (FRP) composite sandwich panels for 

structures on merchant ships. Steel may still be the most 

cost-efficient material in the construction phase but life cycle cost 

assessments have shown that use of such materials can pay back in 

short time of operation [1]. Lower fuel consumption per ton-km 

payload also gives a reduced environmental impact, which for ships 

is predominantly associated with the use of fossil fuel [3]. Fur-

thermore, use of lightweight structures is sometimes the most pow-

erful solution to improve stability. 

Since FRP composite sandwich structures are combustible, in con-

trast to conventional steel structures on ships, a challenge is fire 

safety. The International Convention for the Safety of Life at Sea 

(SOLAS) [4] provides regulations for ships on international voy-

ages. The prescriptive fire safety regulations in SOLAS do not allow 

use of combustible materials in structural parts of a ship. However, a 

reformation of the fire safety chapter in 2002 opened up for alter-

native solutions and performance-based design of fire safety, as 

described in SOLAS chapter II-2 Regulation 17. Alternative design 

solutions were now to be accepted if they are shown to provide a 

degree of safety not less than that achieved by compliance with the 

prescriptive requirements [4], i.e. an equivalence principle. 

The regulation for alternative design and arrangements of fire safety 

in SOLAS [4] was the starting point for fire safety evaluations of 

different FRP composite construction applications in the European 

research project BESST (Breakthrough in European Ship and 

Shipbuilding Technologies, financed within the Seventh Framework 

Programme) [5,6]. The evaluations were based on the guidelines in 

MSC/Circ.1002 [7] and identified five key areas necessary to ad-

dress when using FRP composite structures: fire growth potential, 

generation of toxic smoke, fire containment, fire fighting, and 

structural integrity. Connected to these fire hazard areas there are 

performance requirements in SOLAS [4] (chapter II-2/Reg. 5, 6, 9, 

10, and 11) which could all be fulfilled for interior spaces if the FRP 

surfaces were protected with thermal insulation. This was previously 

verified by standardized small and large scale fire tests [1] and, 

where necessary, full scale experimental fire tests [8] as part of the 

LASS project. However, if the FRP composite construction includes 

exterior surfaces, these need special attention. Combustible exterior  

surfaces could namely rapidly spread fire to other decks and e.g. lead 

to collapse of structures and debris falling over life boats. 

Fire hazards associated with external structures and surfaces in 

combustible material were not considered in the fire safety regula-

tions until the balcony fire on the cruise ship Star Princess in 2006 

[9]. Since then, new requirements have been adopted which require a 

fixed fire extinguishing system on cabin balconies if furniture and 

furnishings other than those of restricted fire risk are used. 

One of the construction applications evaluated in the BESST project 

was a balcony structure in FRP composite. The evaluation included 

investigating whether a certified fixed fire extinguishing system on a 

cabin balcony [10] could be sufficient to manage the main fire haz-

ards introduced when using FRP composite for balconies and ex-

ternal ship structures. This was done through full scale experimental 

tests with two performance criteria for the approved balcony sprin-

kler: 

1. to control a balcony fire with the added fire load from FRP 

composite surfaces; and 

2. to prevent a worst case fire from spreading to external FRP 

surfaces above the balcony. 

The full test report is included in SP Report 2016:35 [11], summa-

rizing all the fire tests performed as part of WP06 in the BESST 

project. 

METHOD 

The balcony sprinkler used was a Novenco “Xflow NF 18A-CB”, 

certified to control a balcony fire when furniture and furnishings of 

other than restricted fire risk are used. The standardized test pro-

cedure for this certification is found in MSC/Circ.1268 [10] and 

formed basis for the tests. This included performing the tests in a 

balcony structure mockup with the dimensions 3 m x 2 m x 2.5 m 

(width x depth x height). However, to address the above perfor-

mance criteria, two experimental setups were used: 

• a balcony fire; and 

• a cabin fire spreading through the balcony. 

In the balcony fire setup, fuel sources were provided in accordance 

with the test procedure in MSC/Circ.1286 [10]. This includes two 

upholstered chairs, simplified as polyether foam fitted on steel 

frames. As ignition source is used a wood crib, placed in a heptane 

fuel pan in the balcony corner under a steel table, as illustrated in 

Fig.1. In addition to these fuel sources, the current tests included 

FRP composite sandwich panels, to represent the fire hazards from 

combustible structures and surfaces. 
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Fig. 1: Fuel sources in balcony fire scenarios: chairs and a wood crib. 

The FRP panels used in the tests had glass fiber reinforced polyester 

face laminates and a cross linked PVC foam core called Divinycell 

H80 (80 kg/m
3
). The thickness of the laminate was 1.7 mm and the 

thickness of the core was 50 mm. The sandwich panels were vacuum 

infused in one shot with resin distribution by grooves in the core. The 

fiber fraction was about 50% by volume and about 1500 g/m
2
 of 

resin was absorbed in the surface of the core including the resin in 

the grooves. The resin used was Polylite® 480-622 and the fiber 

fraction was about 50% by volume. 

In both setups, a 0.5 m high FRP sandwich panel was mounted above 

the balcony and used as a target to indicate fire spread to external 

surfaces, as illustrated in Fig. 2. Furthermore, FRP sandwich panels 

were mounted on the balcony surfaces to simulate the added fire load 

from external FRP composite. In the balcony fire setup, two FRP 

composite panels, with the dimensions 2 m x 2 m, were mounted on 

the two walls by the wood crib ignition source and simulated chairs. 

In the cabin fire setup, another room was built adjacent to the bal-

cony, representing a cabin. The room had the dimensions 4.3 m x 3 m 

x 2.4 m (L x W x H) and a 2 m x 1.8 m (H x W) opening connecting 

it to the balcony. The surfaces surrounding the opening and the 

surface under the air duct were in this setup covered with FRP 

composite panels. 

 

Fig. 2: Test setup representing balcony and adjacent cabin. 

In the cabin fire setup the fire source consisted of two fuel trays 

positioned adjacent to each other and filled with a total of 60 litters 

of heptane. Each fuel tray measured 1000 mm (L) by 500 mm (W) by 

100 mm (H). A flame suppressing lattice was installed on top of the 

tray and after each tray had been filled with 30 liters of heptane, 

water was added such that the fuel level was touching the underside 

of the lattice. 

A fan and a duct were installed in line with the MSC/Circ.1268 [10] 

test procedure to generate a side wind of 5 m/s. Each setup was 

performed with and without a side wind, making up a total of four 

fire scenarios performed in this test series, as summarized in Table 1. 

Table 1: Program for balcony sprinkler tests with external FRP 

Test Fire scenario Side wind 

1 Balcony fire - 

2 Balcony fire 5 m/s 

3 Cabin fire - 

4 Cabin fire 5 m/s 

 

RESULTS 

The balcony sprinkler, certified according to MSC/Circ.1268 [10], 

managed to control the standardized balcony fire despite the added 

fire load from external FRP surfaces. It also prevented the fire from 

spreading to the target panel. In the cabin fire scenarios the heat 

exposure was quite severe. However, the balcony sprinkler pre-

vented flames and hot smoke from the cabin flashover fire to ignite 

the target FRP composite panel, simulating external FRP structures 

above the balcony. Side wind delayed sprinkler activation but it also 

cooled the gases exposing the target panel, illustrated in Fig. 3. It is 

therefore likely that a higher wind speed than 5 m/s would not in-

crease the risk of fire spread to external surfaces. 

CONCLUSIONS 

In conclusion, a certified balcony sprinkler can be used: 

• to prevent fire involvement of FRP surfaces in a balcony fire; and 

• to prevent fire spread to other external FRP surfaces. 

 

Fig. 3: Fully developed balcony fire with side wind. 

A certified balcony sprinkler is thereby an effective means to manage 

fire risks associated with FRP composite used for balcony structures. 

It could also be used as a precautionary measure to prevent fire 

spread in case of a cabin fire, also on ships with steel surfaces and 

materials of restricted fire risk on balconies. It should although be 

noted that the balcony sprinkler should be independent of the cabin 

sprinkler system, which has likely failed in case of a prevailing cabin 

fire.  



11
th

 International Conference on Sandwich Structures (ICSS-11)                             L.A.Carlsson, C.Berggreen & Y.D.S.Rajapakse (editors) 

REFERENCES 

[1] Hertzberg, T. (Ed.). (2009). LASS, Lightweight Construction Applications at 

Sea. Borås: SP Technical Research Institute of Sweden. 

[2] Evegren, F., et al. (Eds.). (2011). LASS-C; Lightweight construction of a cruise 

vessel. Borås: SP Technical Research Institute of Sweden. 

[3] Hedlund-Åström, A. (2011). LCA and LCC. In F. Evegren, et al. (Eds.), 

LASS-C; Lightweight construction of a cruise vessel. Borås: SP Technical 

Research Institute of Sweden. 

[4] IMO. (1974). International Convention for the Safety of Life at Sea (SOLAS), 

1974 (Fifth ed.). London: International Maritime Organization. 

[5] Evegren, F. (2013b). Engineering analysis report – Norwegian Future. Borås: 

SP Technical Research Institute of Sweden. 

[6] Hugosson, J. (2011). Preliminary qualitative analysis for alternative design; 

light weight emergency generator structure on RO-RO ship. Borås: SP 

Technical Research Institute of Sweden. 

[7] IMO. (2001). Guidelines on Alternative Design and Arrangements for Fire 

Safety. MSC/Circ.1002. London: International Maritime Organization. 

[8] Arvidson, M., et al. (2008). Large-scale fire tests in a passenger cabin. SP 

Report 2008:33. Borås: SP Technical Research Institute of Sweden. 

[9] MAIB. (2006) Report on the investigation of the fire onboard Star Princess off 

Jamaica 23 March 2006. Southampton: Marine Accident Investigation 

Branch. 

[10] IMO. (2008). Guidelines for the approval of fixed pressure water-spraying and 

water-based fire-extinguishing systems for cabin balconies. MSC.1/Circ.1268. 

London: International Maritime Organization. 

[11] Evegren, F., et al. (Eds.). (2016). Fire Tests of FRP Composite Ship Structures. 

SP Report 2016:35. Borås: SP Technical Research Institute of Sweden. 

 

ACKNOWLEDGMENTS 

The research presented in this paper is a result of WP06 in the 

BESST project, funded by the European Community's Seventh 

Framework Programme (FP7/2007-2013) under grant agreement 

n.233980. The authors are grateful to the BESST, WP06 consortium 

and to the BESST steering committee for allowing publication of the 

presented data. 

 


