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Abstract: Jet fires are the second most common fire scenario after spill fires. This type of fire is charac-
teristic of gas and gas–oil fires occurring on oil platforms and gas production and processing plants.
The consequences of such fires are characterized by high material damage; this is associated with
extensive networks of technological communications, since there is a high density of technological
facilities and installations in the territory where these fires occur. At such facilities, there is a large
number of steel structures, which under the action of high temperature quickly lose their strength
and deform. To protect steel structures in the oil and gas industry, fire protection is used, which
consists of different types: boards in the form of flat plates, plasters, and epoxy paints. This paper
compares three types of fire protection materials for steel structures under jet fire: board fireproofing,
plaster composition, and epoxy coating. When comparing the efficiency in jet fire, cement boards
were found to be the best. However, despite the better fire protection efficiency, their low application
is expected due to their massiveness and the high cost of such protection and the difficulty of installa-
tion. Nevertheless, the development of fire depends on the place of its origin, the size of the initial fire
zone, and the stability and massiveness of the metal elements of the vessel structure or the structure
of the boards on which the equipment can be placed. Therefore, it is necessary to take these factors
into account when selecting fire protection and to apply it depending on the required fire resistance
limits of structures, which should be determined depending on the fire development scenarios.

Keywords: jet fire; steel structures; fire protection; epoxy coatings; plaster; cement board

1. Introduction

Among all relevant accidents (spill, fire, flame burning), the worst-case scenario is
jet fire caused by accidental leakage from pipelines [1–3] as well as from high-pressure
gas tanks, events that recurrently arise in the assessment of fire safety risks in the oil and
gas industry [4]. Jet fires are turbulent diffusion flames resulting from the combustion of
a prolonged pressurized fuel release, with a significantly higher burning rate due to the
turbulence of fuel and air mixing.

Experts around the world are studying the risk of fires following leaks from high-
pressure pipelines of flammable gasses such as pure hydrogen, natural gas mixed with
hydrogen, and natural gas containing mostly methane [5]. Natural gas jet fires caused by
the ignition of blowdown pipes can cause severe structural damage and high casualties on
offshore platforms [6,7].

The greatest impact is caused by horizontal jet fire, in which the peak temperature
of the pipeline increases by almost twice as much as that of vertical jet fire. When there
are multiple sources of jet fire, the flame intensity and coverage area increase dramatically,
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and the peak temperature reaches 800 ◦C, which leads to the destruction of the strength of
pipeline steel structures [8].

The requirements of the regulatory documents of different countries and industry
standards (Norwegian, French, American, and others) of major oil and gas companies and
gas companies and associations prescribe to test the metal structures of equipment and
technological installations and trestles where liquefied natural gas (LNG) is handled and
stored in hydrocarbon fire and jet fire regimes [9–13]. Fire regimes differ from each other;
thus, for civil objects (public and residential buildings), the standard (cellulose) fire regime
is used when calculating the fire resistance of structures, whereas for industrial objects that
have the possibility of hydrocarbon combustion, hydrocarbon regimes are used [14–16].
Figure 1 shows the curves of different fire regimes as a function of temperature and power.
The hydrocarbon regime can also be of different types—jet fires [10,17], pool fires [18],
and explosive burning [19]. Unprotected steel structures in such fires lose stability in
2–5 min [11,14].
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Various thermal insulation materials are used to protect the integrity of the steel
structure and thermal insulation in the temperature range of −200 ◦C to 1300 ◦C, which
protects the steel structures of facilities, especially those producing LNG, not only from fire
but also from cryogenic spills due to fire [17,20]. The materials used for such purposes are
the following: basalt fiber, plaster compounds [14], intumescent compounds [21,22], and
board materials [23].

There is not enough research on jet fire experiments on structures with fire-retardant
coatings; manufacturers do not indicate in their descriptions the specific thickness and
consumption of the material, so it is difficult to determine the competitive advantages
of the materials. For example, in the work of [24], inorganic plaster formulations and
organic (epoxy materials) tested in jet fire mode were considered. The indicators of the
fire protection efficiency of a steel specimen at reaching the critical temperature of 648 ◦C
amounted to 68 min for plaster composition and 9 min for epoxy paint with the thickness of
compositions of 22 mm. Reference [25] reported that composites with short fibers between
woven layers reduced the linear burning rate by up to 18.7% and were able to achieve low
flame spread rates comparable to chopped fiber samples.

Test methods governing the effect of jet combustion (including after cryogenic filling)
on the fire protection coating of a steel structure are set out in a number of standards [26–28].
ISO 22899:1 does not regulate the test time and critical temperature (according to [26], the



Fire 2024, 7, 281 3 of 14

critical temperature is the temperature at which the yield strength of steel is reduced
to the minimum allowable strength under service loads). The critical temperature is
determined by the designer and is dependent on the material of the protected structure
and the requirements of various regulatory factors, including industry documents [13]. The
critical temperature depends on loads, cross-sections, loading conditions, etc. For example,
the critical temperature for supporting structures of offshore platforms is 400 ◦C [29], 538 ◦C
according to UL 1709 [10], 550 ◦C according to GB 14907 [30], and 500 ◦C according to
GOST R 53295 [31].

The websites of manufacturers of fire retardants certified using this method [26] do
not specify the critical temperature, material consumption, and test time. Only the fact
that jet burning tests have been performed is indicated. The test time also varies and is
indicated in the advertising descriptions of coatings: 0.5–3.0 h.

The thickness of certified fire-retardant coatings tested for jet fire mode such as Char-
Coat JF is 3–40 mm depending on the design requirements [32]; Chartek 7 and Chartek
coatings are 8–6 mm for a fire resistance of 41 and 15 min respectively [33], while Jotachar
JR coatings are 2–35 mm [34].

According to [35], Chartek 1709 provides not only hydrocarbon combustion but also
jet combustion. For hydrocarbon combustion, a fire resistance of 60 min is achieved with a
coating thickness of 5.12 mm without mesh. With the mesh, the values are as follows: fire
resistance 1.5 h at a coating thickness of 7.85 mm; 2 h at 10.57 mm; 3 h at 15.21 mm; 3.5 h at
15.21 mm; and 4 h at 18.99 mm. Considering that the jet fire curve is much higher on the
graph (Figure 1), an increase in coating flow rate of 15–20% can be predicted compared to
the H-mode experiments. Thus, a comparative analysis of tested fire protection systems is
difficult. It is relevant to establish certain experimental data for fire protection products
when exposed to jet fire modes.

The paper presents the new results of experimental studies on the impact of jet fire
modes on metal structures with fire protection made of three common materials in the
oil and gas industry: cement particle boards, vermiculite plaster, and epoxy intumescent
paints. The comparative analysis of these fire protection means is carried out, and on
the basis of the new results and literature data, nomograms of temperature–time depen-
dences and material consumption for gypsum compositions and epoxy intumescent paints
are constructed.

2. Materials and Methods
2.1. Methods

Experimental studies of passive fire protection systems for resistance to jet fires are
conducted according to ISO 22899-1 [26]. The individual thermal and mechanical loads
defined in this document, which act on the material in a jet fire, are similar to those that
occur in large-scale jet fires caused by high-pressure releases of natural gas.

The essence of the method for evaluating the protective properties of the material
under test is to determine whether the test specimen reaches the time and/or temper-
ature limit when exposed to the jet combustion (reactive flame) of propane. Since the
ISO 22899:1 [26] allows the customer of the test to set the limit time and temperature, after
the achievement of which the test is completed, in the article for comparative analysis we
will take the limit value of time and temperature equal to 60 min and 500 ◦C, respectively.

ISO 22899-1 [26] provides two basic test configurations. The first configuration is inter-
nal, where one or more internal surfaces of the flame recirculation chamber are incorporated
into the test structure (Figure 2a). The second configuration is the external configuration,
with the test structure mounted on supports in front of the flame recirculation chamber
(Figure 2b). The fuel nozzle is placed at a distance of 1000 ± 50 mm from the surface of
the specimen opposite its geometric center, and its height depends on the configuration
(external configuration—750 mm, internal configuration—375 mm).
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(1—containment chamber, 2—nozzle, 3—supports); (b) external configuration (1—flame recircu-
lation chamber, chamber support, 2—flame recirculation, 3—test structure, 4—test structure support,
5—nozzle).

The key elements of the test are the jet exit nozzle, the flame recirculation chamber,
and the containment chamber. All elements are required for the internal test configuration,
and the test specimen is all or part of the flame recirculation chamber. In external test
configurations, the flame recirculation chamber is used only to create the fireball, and it is
not necessary to use the containment chamber.

The flame recirculation chamber is a mild steel box that is open at the front, into which
a flame jet is directed to form a recirculating flame, resulting in a fireball. In terms of the
protective chamber, this can be understood as a mild steel box, open at the front and rear,
which is designed to be attached to the rear of the flame recirculation chamber for the
purpose of protecting the rear from environmental influences.

The cone-shaped tapered nozzle used for the tests is made of heat-resistant stainless
steel and has a length of (200 ± 1.0) mm, an inner diameter of (17.8 ± 0.2) mm, and an
outer diameter of (33.8 ± 0.2) mm. The nozzle is fed with fuel through a (52 ± 0.5) mm
diameter stainless steel pipe. The scheme of the nozzle is shown in Figure 3.
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2.2. Materials

The paper will discuss jet combustion resistance testing of 4 types of passive fireproof-
ing (2 types of fire protection paints, structural fire protection, and fire protection plaster).

2.2.1. Structural Fire Protection

Sample No.1. Structural fire protection is a protective coating system (Figure 4)
mounted on I-beam 20B1 [36]: (a) the fire protection layer is 25 mm thick “IGNIS-mat
SV” on the basis of silica fiber [37]; (b) the fire barrier is made of superfine basalt fiber
“Promizol-Proplate” [38]; (c) the fire protection layer is “IGNIS-mat SV” with a layer
thickness of 25 mm; (d) the two layers of fire protection boards on the cement binder are
both a “PROZASK Firepanel” of 25 mm each [39].
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The characteristics of non-combustible flame retardant mat “IGNIS-mat CB” are pre-
sented in Table 1.

Table 1. Characteristics of fireproof mat “IGNIS-mat CB”.

№ Name of Indicator Value

1 Appearance of the plate:
(a) front side; (b) back side

(a) smooth, colored;
(b) polished

2 Thermal conductivity, W/m·K 0.35 (±10%)

3 Resistance to vapor permeability, % 60

4 Tensile strength at bending, not less, MPa 5.4

5 Board density, kg/m3 1100–1200

6 Fire resistance, REI (depends on the number of boards), min 240

The fireproof barrier “PROMIZOL-Proplat” is a product of fireproof non-combustible
material based on flame retardant flint fabric and superfine basalt fiber. It is used for the
fireproof sealing of seams and joints of various configurations, operating under conditions
of alternating deformation, as well as for the manufacture of enclosing structures and
flexible and rigid closed channels of building structures. It retains its elastic properties
through the destruction of the outer coating and internal structure under a compression up
to 60%, a tension up to 40% and shear up to 30% of the designed width of the joint [38].

«PROZASK Firepanel» fire protection boards [39], the characteristics of which are
given in Table 2, consist of Portland cement and light mineral aggregate, reinforced on both
sides with glass mesh and coated on the front side with impregnation varnish to increase
protective properties.

Table 2. Characteristics of “PROZASK Firepanel” board.

№ Name of Indicator Value

1 Apparent density, kg/m3 128

2 Chemical composition, %: CAO, SiO2 and others, not more 68

3 Relative weight change during calcination, %, not more than 1.0

4 Tensile strength, MPa, not less than 0.050

5 Mass fraction of moisture, not more, % 1.0

6 Mass fraction of inclusions larger than 0.5 mm, %, not more than 3.0

The specimen is tested using the external configuration. The scheme of installation of
the fireproofing system based on fireproof boards “PROZASK Firepanel” is given and the
installation of the temperature sensors is shown in Figure 5.
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2.2.2. Fire Protection Coatings (FPC)

Fire-retardant paints (from which coatings are formed) are a two-component system
consisting of a base and a hardener. The base is a suspension of foam-forming fillers,
pigments, and functional additives in a solution of epoxy resin and a mixture of organic
solvents (hardener-aliphatic polyamine resin). Characteristic coatings are given in [40].
Table 3 summarizes the physical and technical characteristics of epoxy coatings.

Table 3. Summarization of the physical and technical characteristics of epoxy coatings.

№ Technical Specifications Value

1 Color and appearance of the coating Gray

2 Adhesion [41], rating, not less than 4A

3 Composition density, kg/m3 1.22–1.27

4 Stability after mixing at T = (20 ± 2) ◦C, h, at least 1

5 Theoretical consumption for one layer coating thickness of
1000 microns, kg/m2 1.2

6 Drying time to degree 3 [42] (T = (20 ± 2) ◦C and relative humidity
(65 ± 5)%, not more than 12 ч

To prepare the composition, the base is mixed to a homogeneous state and hardener is
added (ratio of base and hardener by mass 3.5:1); after mixing, the composition is ready for
use. The conditions of the application of the composition range in temperature from −5
to +40 ◦C, with a relative air humidity at no more than 80%. Further we consider the tests
of fire-retardant-foaming coatings, FPC-1 and FPC-2, of two different manufacturers, the
characteristics of which are similar and do not differ significantly, according to Table 3.

Sample No. 2. For protection against jet combustion, the fire-retardant epoxy composi-
tion FPC-1 is applied to the sample, which consists of a square shape made of carbon steel
with a thickness of 10 mm and with internal dimensions of 1500 × 1500 × 500 mm, with
the central shelf made of carbon steel with a thickness of 20 mm, a depth of 250 mm, and
an actual thickness of the dry layer at 10.89 mm. This sample was then investigated, with
the test of specimen No. 2 carried out according to the internal configuration.
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Sample No. 3. The fire protection coating FPC-2, applied on the square shape sample
made of carbon steel with a thickness of 10 mm and internal dimensions of 1500 × 500 mm,
with a central shelf made of carbon steel with a thickness of 20 mm and a depth of 250 m,
was subjected to a jet combustion study. The coating was applied in 24 layers. To ensure
FPC-2 stability, carbon reinforcement mesh was used, placed in 2 layers: 1 mesh (inner)
between the 13 and 14 coating layers; 2 meshes (outer) between the 19 and 20 coating layers.
The arithmetic mean value of the total thickness of the fireproof coating was 31.15 mm.

The tests of specimen No. 3 were carried out according to the internal configuration.
Sample No. 4. Fire protection coating FPC-2, in the form of a two-component system

consisting of a base and a hardener, and applied to a steel pipe in 31 layers, was subjected
to a jet combustion study. To ensure the stability of the PRP, carbon reinforcing mesh was
used, placed in 2 layers: 1 mesh (inner) between the 13 and 14 coating layers; 2 meshes
(outer) between the 21 and 22 coating layers.

The arithmetic mean value of the total thickness of the fireproof coating was 31.8 mm.
The tests of specimen No. 4 were carried out according to the external configuration.

2.2.3. Fireproof Plaster

Sample No. 5. The plaster composition is a non-combustible composition of a mixture
of Portland cement (50–70%), vermiculite (30–60%), calcium sulfate (50–70), and mineral
fiber (1–10%), with a density of 350–550 kg/m3. Depending on the thickness of the com-
position, the fire resistance can perform well 120 min or longer. For protection against jet
combustion, a fireproofing system on a cement–vermiculite base applied to a square-shaped
specimen made of carbon steel, with a thickness of 10 mm and internal dimensions of
1500 × 500 mm, with a central shelf made of carbon steel with a thickness of 20 mm and a
depth of 250 mm, was investigated. The fire protection coating consisted of 2 layers: firstly,
1 layer of primer coating 2 mm thick was applied; then, the fire protection coating 53.4 mm
thick with reinforcing mesh was applied. The list of tested systems and test configuration
are given in Table 4.

Table 4. List of tested fire protection systems and types of tests.

№ Types of Samples Internal Configuration Tests External Configuration Tests

1 Boards and mats
system - Sample 1

2 FPC-1 Sample 2 -
3, 4 FPC-2 Sample 3 Sample 4

5 Plaster Sample 5 -

3. Results

Sample No. 1. During the experiment, reaching the limit values (exposure time to the
burning propane jet equal to 60 min or reaching the temperature of 500 ◦C according to the
average values of the temperature sensors) was recorded. The specimen during the test is
shown in Figure 6.

At the end of the tests, a visual inspection was carried out. There were no foci of
burning on the surface, but shrinkage and significant damage to the first layer of fireproof
boards was observed in the form of through burning and cracking and a color change to
black on the surface of the board and fasteners where they were exposed to a jet of burning
propane. The second layer of boards, fasteners, wires protected by fireproof mats, and the
mats themselves were not damaged (Figure 6). It is obvious that such a system should
consist of at least two 25 mm thick «PROZASK Firepanel» boards.

In the mode of exposure to burning gaseous propane (jet fire mode), the system
consisting of two layers of fireproof mats “IG-NIS-mat SV” 25 mm thick each, the fire
barrier “PROMIZOL-DSH PROPLATE-60/5/10L”, and two layers of fireproof boards
“PROZASK Firepanel”, installed on the I-beam 20B1, provides the maximum average
temperature on the sample at 47.73 ◦C within 60 min.
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Sample No. 2. The average temperature on the unheated side of the steel structure
to which the fire-retardant epoxy composition FPC-1 with the actual dry layer thickness
of 10.89 mm was applied, in the mode of exposure to burning propane gas, amounted to
184.84 ◦C at the 60th minute of the test.

As a result of visual inspection, it was found that there were foci of combustion under
the center shelf and in the upper part of the specimen. The darkening of the composition
and cracks 9.91–26.37 mm deep were observed over the entire area. The coating on the
specimen swelled over the entire area, while the foam coke was firmly attached to the
specimen; the reinforcing mesh was not damaged. In the jet impact zone, a decrease in
the thickness of the protective layer is observed. In the upper part of the specimen, on
the “skirt”, the melting and leakage of the coating composition is observed (Figure 7a).
Temperature sensor readings during the test are shown in Figure 7b.
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Sample No. 3. The average temperature of the specimen did not exceed the limit value
during 60 min and amounted to 82 ◦C.

The first swelling on the surface of the specimen was recorded at the 6th minute of the
test; the flight of small particles of the intumescent layer was recorded at the 25th minute.

At the end of the test, a dense layer of expanded flame retardant was observed
throughout the specimen. The residual burning of the specimen was observed (Figure 8c).
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Visually, the specimen can be divided into three zones (indicated in Figure 8c):

- Zone 1—reacted up to the second (outer) mesh, the flame-retardant coating is firmly
in place, and the entire mesh is intact and attached;

- Zone 2—has reacted up to the second (outer) mesh, the fireproofing is firmly in place,
there is localized FPC failure, and the entire mesh is intact and anchored;

- Zone 3—bare metal insulation, poor condition of reinforcement, and the reacted FPC
is easily separated.

The thickness of the crumbling layer in zones 1 and 2 averages was 60 mm; the
thickness of the dense FPC layer in zones 1 and 2 was averaged to 33 mm (indicating
slight crumbling of the fireproofing without significant change in its structure under the
crumbling layer); the thickness of the crumbling layer in zone 3 averaged to 140 mm.

The view of the specimen before and after the test is shown in Figure 8.
Sample No. 4. The average temperature during the test did not exceed the limit value

of 60 min and amounted to 113 ◦C. The maximum temperature after 72 min was 132 ◦C,
which is shown in Figure 9.
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The view of the specimen before and after the test is shown in Figure 10.
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Figure 10. View of specimen No. 4: (a) before the test, (b) after the test.

The first swelling on the surface of the specimen was recorded at the 5th minute
of the test; the flight of the small particles of the intumescent layer was recorded at the
30th minute.

At the end of the test, a dense layer of intumescent fire retardant was observed through-
out the specimen (Figure 10b). Visually, the specimen can be divided into three zones:

- Zone 1—the flame retardant that reacted on the second (outer) mesh is firmly retained,
a localized FPC failure is observed, and the entire mesh is intact and anchored;

- Zone 2—the flame retardant that reacted on the surface is firmly retained, and the
entire mesh is intact and secured;

- Zone 3—the unreacted/partially-reacted material is present, the unreacted-material
and reinforcement are firmly retained.

The thickness of the foam coke layer in zone 1 averaged 65 mm; the thickness of the
FPC foam coke in zone 2 averaged 30.2 mm (indicating an insignificant amount of foam
coke without significant changes in its structure under the FPC suspension layer); the
thickness of FPC foam in zone 3 averaged 12 mm (see Figure 11).
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Specimen No. 5. Prior to testing, there were several surface cracks on the surface of
the specimen.

During the test, flames engulfed the specimen, making it difficult to see the specimen
surface through the flames. Smoke was observed periodically throughout the test.
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The inspection of the structure after the specimen had cooled revealed large cracks
in the rear surface of the coating. A layer of charred material had formed on a significant
portion of the rear surface of the passive fireproofing.

The maximum temperature of the specimen was 269.1 ◦C and was recorded on the
unheated surface of the specimen, 250 mm to the left of the center line, after 181 min of
exposure to the flame jet.

The graph of dependence of the average temperature on time (up to 60 min) of
exposure to the flame jet is presented in Figure 12.

4. Discussion

For the correct analysis, we will analyze the results of the tests performed on identical
configurations according to ISO 22899-1 [26]. Therefore, the test results of specimen №1 will
be compared with specimen №4 (external configuration), and the test results of specimens
№2, №3, and №5 (internal configuration) will be compared with each other (Table 5).

Table 5. Comparison of indicators of samples of fire-retardant materials.

№ Types of Samples
Configuration Tests

H, mm T (Unheated Surface), ◦C
Internal External

1 Boards and mats system - Sample 1 25 + 50 47.73
2 FPC-1 Sample 2 - 10.9 184.84
3 FPC-2 Sample 3 - 31.2 82.00
4 FPC-2 - Sample 4 31.8 113.00
5 Plaster FPC-1 Sample 5 - 55.4 97.00

6 [24] organic material (FPC-3) Sample 6 22.0 7.50

7 [24] inorganic material
(Plaster FPC-2) Sample 7 22.0 55.0

After reaching 60 min of exposure to the fire jet, the average temperature of sample
No. 1, with a fireproofing system installed on it, consisting of two layers of fireproof
mats and boards, was 47.73 ◦C, which is 2.5 times higher than the temperature of sample
No. 4, which was covered with a fireproof coating, FPC-2, with a thickness of 31.8 mm (the
temperature was 113 ◦C after 60 min of testing).

Also added to the table are data from [24] for an inorganic material (apparently plaster)
and an organic material (apparently epoxy coating). The temperature on the unheated
surface is also listed at 500 ◦C, not 648 ◦C.

After reaching 60 min of exposure to the fire jet, the average temperature of samples
No. 2 (FPC-1), No. 3 (FPC-2), and No. 5 (fire protection system on the cement–vermiculite
base-plaster FPC-1) was 184.84 ◦C, 113 ◦C, and 97 ◦C, which is lower than the value of the
critical temperature (500 ◦C) by several times. The difference in the value of the average
temperature of samples No. 2 and No. 3 is justified not only by the different compositions
of fireproof coatings (it is assumed that the compositions are similar, but it is possible
that this is not true, because the manufacturers of materials are different), but also by the
different thicknesses of the application of the materials.

According to the results of the experiments described earlier in the text and in the
article [24], the dependences of the average temperature of the steel structure and the
thickness of the fireproof coating on the time of fire jet exposure were plotted (Figure 12).
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ture; (b) material thickness at which the critical temperature of 500C is reached within 60 min of
the experiment.

The graphs reflect the properties of protective functions of only epoxy-based coatings
(epoxy FPC-1,2,3) and plaster coatings (plaster FPC-1, 2) (boards are not considered due
to a single experiment), and are recommended for use in the selection of fire-retardant
coatings for load-bearing steel structures. As can be seen from the graph (Figure 12a), the
best properties have epoxy composition FPC-2 (sample No. 3): it heats up for 60 min only
to a temperature of 82 ◦C; the worst properties have epoxy composition FPC-3 (sample
on organic material No. 6 [24]), which showed such poor results due to flame erosion
when the foam coating was blown off the steel coating. In addition, reinforcing mesh was
applied at intervals on specimens No. 2, No. 3, and No. 4, which was not carried out on
specimen No. 6 [24]. Therefore, the result for FPC-3 should not be considered as relevant.
Figure 12b shows the model curves of reaching the critical temperature of 500 ◦C in 60 min
as a function of thickness. It is evident that plaster formulations have the greatest thickness,
and the greater the thickness (55.4 mm for plaster FPC-1 and 22.0 mm for plaster FPC-2),
the longer the time to reach the critical temperature (97 min and 55 min, respectively).

5. Conclusions

In this study, cement boards performed better when comparing the effectiveness of
reactive fireproofing. The boards were more effective than epoxy compound. However,
despite their higher fire-protection effectiveness, their application is expected to be low
due to their massiveness and the high cost of such protection and their difficulty in installa-
tion. The plaster compound proved to be almost comparable to cement boards, which is
understandable based on the relatedness of the chemical composition. Nevertheless, the
development of fire depends on the location of its origin, the size of the initial ignition zone,
and the stability and massiveness of the metal elements of the ship structure or the structure
of the boards on which the equipment can be placed. Therefore, it is necessary to consider
these factors when selecting fire protection and apply it depending on the required fire
resistance limits of structures, which should be determined depending on the scenarios of
fire development. Obviously, it is worth considering the material properties (combustible
or non-combustible), performance, and cost.
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