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Abstract  : One of the main causes of accidents on board ships is fire. This is because of the presence of high 

temperature, the excess quantity of flammable oil and other combustible materials. A ship is fitted with various types of 

fire retardant and firefighting equipment so as to fight any kind of fire and extinguish it as soon as possible before it 

turns into a major catastrophic situation. Purpose: This paper presents the crisis management on ship’s firefighting 

plant, Technical data for firefighting plant with  foam, Fault Tree Analysis data, Fault tree block diagram, Failure 

probability and basic events of fault tree, The equations of fire analysis, The method of simulation, The simulation of a 

fire incident in the firefighting plant, for a ship named "Mamola Defender" which is a vessel that provides the supply of 

marine drilling platforms. The results are: Foam firefighting plant diagram, Locations for firefighting systems, Fire 

Control and Safety Plans, Fault tree block diagram, The values of probabilities, The relationship between input and 

output events. The results of simulation for a scenario are: radiant heat distribution of a jet fire, the heat flux, the 

temperature distribution on different stage of fire, the flame propagations. Conclusions: The methods which used for 

simulation present a possible fire incident in a plant with many hazardous materials. This method of simulation is useful 

to assistance plant owners and operators in different events of emergency situations. This methodology is useful to 

prevent human casualties and important structures. 
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1. INTRODUCTION 

 

One of the main causes of accidents on board ships 

is fire. This is because of the presence of high 

temperature, the excess quantity of flammable oil and 

other combustible materials. A ship is fitted with various 

types of fire retardant and firefighting equipment so as to 

fight any kind of fire and extinguish it as soon as 

possible before it turns into a major catastrophic 

situation.  

“ A ship is approved to sail in international waters 

only if it is constructed as per the Fire Safety System 

code and carries required Fire Fighting Appliances 

approved by the concerned authority” [1]. 

“ A ship is fitted with various types of fire retardant 

and firefighting equipment so as to fight any kind of fire 

and extinguish it as soon as possible before it turns into a 

major catastrophic situation” [1]. 

The firefighting equipment which are used on board 

ships are: Fire Retardant Bulkhead, Fire doors, Fire 

Dampers, Fire Pumps, Fire Main Piping and Valves, Fire 

Hose and Nozzles, Fire Hydrants, Portable Fire 

Extinguishers, Fixed Fire extinguishing system, Inert 

Gas System, Fire Detectors and Alarms, Remote Shut 

and Stop System, EEBD: EEBD (Emergency Escape 

Breathing Device), Fire Fighter’s Outfit, International 

Shore Connection (ISC), Means of Escape, etc. 

This paper presents the crisis management on ship’s 

firefighting plant, Technical data for firefighting plant 

with  foam, Fault Tree Analysis data, Fault tree block 

diagram, Failure probability and basic events of fault 

tree, The equations of fire analysis, The method of 

simulation, The simulation of a fire incident in the 

firefighting plant, for a ship named "Mamola Defender" 

which is a vessel that provides the supply of marine 

drilling platforms. 

 

 

2. FAULT TREE ANALYSIS ON SHIP FIRE 

FIGHTING PLANT 

 

2.1 Choice of study vessel : 

 

A ship is fitted with various types of fire retardant and 

firefighting equipment so as to fight any kind of fire and 

extinguish it as soon as possible before it turns into a 

major catastrophic situation 

The ship "Mamola Defender" is a vessel that 

provides the supply of marine drilling platforms (Figure 

1) [2]. 

mailto:viopanaitescu@yahoo.ro
https://www.marineinsight.com/marine-safety/general-procedure-to-fight-fire-on-tanker-ship-in-a-terminal/
https://www.marineinsight.com/marine-safety/understanding-emergency-escape-breathing-device-eebd-before-buying-one/
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Figure 1 The ship "Mamola Defender”  [2] 

 

This ship transports various goods: fuel, potable 

water, brine, cement, bar, drilling mud, drilling poles, 

etc. and crews. The ship may carry on deck and 

conventional containers for various goods. The ship can 

also operate as a fire extinguisher at marine platforms 

and is equipped with marine pollution equipment.  

Ship characteristics:  

The ship has a total length of L = 80 m, a weight of 

G = 3.300 T and can reach a speed of VN = 13.5 knots. 

 

2.2 Crisis management on ship’s firefighting plant: 

 

For designing a fire extinguishing installations (Figure 

2)[3], it is good to know the importance and 

compatibility of the extinguishing substances used and 

the safety and protection of users space. 

 

 
 

Figure 2 Local firefighting pumps panel [3] 
 

The pumps which are used on these plants are usually 

FRAMO pumps (Figure 3) [4]. 

For this study was chose a fire fighting plant with 

foam (Figure 4) [4]. 

The members of crew must fulfilled some 

requirements (Figure 5) to prevent fire on board (Figure 

6)[4]. 

 

 

 
 

Figure 3 FRAMO pumps [4] 

 
 

Figure 4 Foam firefighting plant diagram [4] 

 
Figure 5 Some requirements for crew [4] 

 
Figure 6 Firefighting requirements for crew [4] 
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2.3 Technical data for firefighting  plant with  

foam: 

 

On board the firefighting plants are different places for 

locations (Figure 7) [4]. 

 

 
 

Figure 7 Locations for firefighting systems [4] 
 

2.4 Fault Tree Analysis data  

 

Fault Tree Analysis (FTA) is an efficient and 

productive hazard identification method [5]. Data 

requirements: 

- A complete understanding of how the plants/system 

functions (Figure 8); 

- Knowledge of the plant/system equipment failure 

modes and their effects on the plant/ 

System (Figure 9). 

Failure Modes Effects and Criticality Analysis 

(FMECA), offer referred to as FMEA is process analysis 

that help to identify potential failures of system [5]. 

 

2.5 Fault tree block diagram : 

 

The Fault Tree Analysis is an engineering technique 

for reliability and safety procedures. Fault Tree 

Diagrams (FTD) are block diagrams which present the 

status of the system with the states of its components 

(top event, basic events) [6]. FTD are a graphical design 

technique (Figure 10) and an alternative methodology to 

reliability block diagrams -RBDs. 

 

2.6  Failure probability and basic events of fault 

tree: 

 

Using Boolean logic [33], [34] for event symbols, 

gate symbols (to describe the relationship between input 

and output events), transfer symbols (used to connect the 

inputs and outputs of related fault trees), can evaluate 

time of good maintenance ( )(unit-years), the mean 

times to failure (MTTF~  )(unit-hours/week/month) 

and failure rate (the probability density function PDF) 

(Figure 11, Figure 12, Figure 13) [6]. 

The logical relationships are graphically generated as 

described below using standardized FTA logic symbols 

(Figure 12, Figure 13, Figure 14). 

 

 

 
 

Figure 8 Fire Control and Safety Plans [4] 

 

 
 

Figure 9 Fire safety plan [4] 
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Figure 10 Fault Tree block diagram 

 

 
Figure 11 Logic scheme 

 
 

Figure 12 The values of probabilities 

 

Top event is: QTOP =9.42*10-2 ; TOP= 1/10[year]. 

 
 

Figure 13 The relationship between input and output 

events 

 
 

Figure 14 Security and Emergency Plan on the ship 

 

 

 

3.  THE SIMULATION OF SCENARIO 

 

In the context of recent studies of jet fires numerical 

analysis it is better to analyse these aspects of fire 

incidents from the context of simple geometry. For this 

aspect is not enough study about a simulation of jet fire. 

It is necessary to analyse all aspects of the combustion 

and firefighting plant [5]. 

 

3.1 The equations of fire analysis : 
 

The equations to analyse the combustion can 

developed on different simulators [6]. 

The governing equations of gas combustions are: 

 

-equation of chemical species (1), 

(1) 

- continuity equation for mass conservation (2),  
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              (2) 
- the equation of momentum -Navies–Stokes equation 

(3) 

, (3) 

- the equation of energy transmission for gas compressed 

flow (4) 

, (4) 

 

Where 

                                (5) 

(6) 

                          (7) 

                             (8) 

The equations of simulation for this case study were 

compared with the equation of CFD analytical 

methodology (the Reynolds averaged Navies–Stokes 

(RANS)) and with the equation of analytic methods 

(eq.9- the conventional k–ε equation with k–ε model, 

eq.10- turbulence kinetic energy with ε for the 

dissipation ratio) [7]: 

 

(9) 

 
(10) 

Where 

              (11) 

                  (12) 

                                   (13) 

                   (14) 

                                       (15) 

                           (16) 

 

As a turbulence model coefficient , 

 

 CD = 0.09, σk = 1.0,σε = 1.3, C1 = 1.44, C2 = 1.92. 

 

 

3.2 The method of simulation: 

 

To analyse the combustion we have used the K.F.X. 

Simulator (Kemeleon FireEx, Norway, Trondheim)[36]. 

The simulator prepares a network in a 3D space and 

applies a F.E.M. with finite volumes to analyse the flow 

of fluid in OXYZ axes. 

 

3.3 The simulation of a fire incident in the 

firefighting plant: 

 

The plant has a complex structure with many pipes 

and pumps pressure for fluids (Figure 15). 

  

 
 

Figure 15 The 3D geometry of fire incident location 

 

The scenario of a fire was studied on K.F.X. with 

input data (Table 1). 

 

Table 1. Input data 
 

Items Input data Incident 

outcome 

Input 

data 

Fuel hydrogen, 

methane 

Weather 

(speed of 

wind) 

0.2 [m/s] 

Fluids 

leak area 

345.10
-6 

[m
2
] 

Surrounding 

temperature 

20 [ 
0 
C] 

The rate 

of 

discharge 

1.62  

[ kg/s] 

Duration 30 [s] 

Direction 

of leak 

+Oz Grid nodes 494.325 

[ea.] 



 

 

 

 

 

 

47 

 

ISSN (Print): 1844-6116         
ISSN (Online): 2501-8795 

https://www. jmte.eu                  

Journal of Marine 
Technology and Environment 

DOI: 10.53464/JMTE.01.2023.07 

The damage caused fire was a flame.   

 
 

 

4. RESULTS 

 

The damage criteria are presented in the Table 2: 

 

Table 2. The damage criteria 
 

Temperature 

range [°C] 

Temperature 

effects 

Observations/Con

clusions 

426...730   grain 

structure,  

 properties 

of steels  

 corrosion 

resistance 

of steels  

 corrosion 

resistance 

of 

stainless 

steels. 

 the 

oxidation 

of steel 

with the 

temperatu

re. 

 

 Observing 

vessel, pipes. 

 The 

components 

of tanks 

 Testing and 

verifying the 

components 

of associated 

structural 

steel 

supports.  

 Replacing 

the affected 

gaskets and 

packing. 

  Cleaning, 

inspecting, 

testing the 

components 

of major 

equipment. 

>730  Testing of 

heavy 

scaled 

steel on 

thermal 

stresses 

  Testing 

of steel on 

ductility 

 Testing 

the 

properties 

of all 

heat-

treated or 

cold-

worked 

materials. 

  Testing the 

pipes and 

vessels on 

low 

temperature 

 Testing the 

bolting, 

vessels and 

pipes 

components 

on 

metallurgical 

changes. 

 

 

 

The thermal effects of this incident are presented in 

Table 3: 

Table 3. The thermal effects of incident  

 
 

Temperature 

[°C] 

Material of 

construction 

Usages Thermal 

effects 

595 Steel Vessel, 

pipes 

Thermal 

distortions 

and creep 

1400 316 SS-cast
* 

Pumps, 

valves 

Melts 

1455 316 SS-

wrought 

Vessel, 

pipes 

Melts 

1515 Steel Various Melts 

 

*“API-579 Fitness-For-Service,” 2007. 

 

The consequences of incident are presented in Table 

4: 

Table 4. The consequences of incident 

 
Heat flux [kW/m2] The effects 

37.50 Damage to operate with 

equipment, collapse of 

mechanical structures 

25.00 Thin insulated steel can 

loss mechanical integrity 

12.50 Wood ignition if it is a long 

exposure, 

100% lethality 

11.70 Thin partial insulated steel 

can loss mechanical 

integrity  

10.00 The polymers can ignite 

 

The results of this scenario are: 

- radiant heat distribution of a jet fire (Figure 16); 

- the heat flux (Figure 17); 

- the temperature distribution on different stages 

of fire (Figure 18); 

- the flame propagation (Figure 19). 

 
Figure 16 The radiant heat distribution of a jet fire 
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Figure 17 The heat flux 

 
a) on 426 

0
 C; 

 
b) on 730 

0
 C; 

 
c) on 1400 

0 
C; 

 
d) on 1515

0 
C. 

Figure 18 The temperature distribution on different 

stages of fire 

 
 

 

Figure 19 The flame propagations 

 

The methods which used for simulation present a 

possible fire incident in a plant with many hazardous 

materials. 

This method of simulation is useful to assistance 

plant owners and operators in different events of 

emergency situations. This methodology is useful to 

prevent human casualties and important structures.  

With tools of this method, the study can be a real 

guide which help with solution and design safety 

measures (e.g. emergency and safety plans in case of 

fires)[8], [9]. 

 

5. CONCLUSIONS 

 

The exploration of accidents in light of human error 

linked to underlying factors related to the human and 

organization work has been established as a major 

priority. 
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A fire incident caused by the leakage of mixed gas 

composed mainly of hydrogen was simulated using the 

KFX Code, a CFD simulator of RANS methodology, to 

compute the impact of flame, temperature, and radiant 

heat. Furthermore, the predicted damage on the shelter 

was analysed and proposed through the computation 

result.  

It was confirmed that the KFX code was able to use 

the simulation method more effectively than the 

conventional empirical equation model to predict and 

analyse the damage result of a jet fire accident from a 

potential hazard. 
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