
Journal of Chemical Technology and Metallurgy, 54, 1, 2019

64

 

IGNITION TIME OF SELECTED CEILING MATERIALS 
AND ESCAPE TEMPERATURE TIME PREDICTION 

OF FIRE FIGHTER RESCUE MISSION

Dirisu Joseph Osekhoghene1, Oyedepo Sunday Olayinka1, 
Fayomi Ojo Sunday Isaac1,2, Okokpujie Imhade Princess1

ABSTRACT

This study investigated the ignition time of selected ceiling materials with the view to know the responses of the ma-
terials to flame if it is spontaneous or not and to report their suitability for use. In this study sample of polyvinylchloride 
(PVC) and plant originated ceiling materials from western and northern parts of Nigeria were used. PVC samples experi-
enced spontaneous ignition due to their coating. 50 g of each sample was combusted in a purged local combustion stove. 
Thermocouple was used in measuring their temperatures at equal intervals. The residual sample mass was weighed with 
an electronic balance. The result showed that the ignitions of plant originated ceiling were spontaneous producing less 
mass loss and char when compared to those observed in case of PVC. The latter ignition time was attributed to its coating 
that ignited. Asbestos was unresponsive to the combustion process but it became brittle. It would have been an excellent 
fire-retardant ceiling material if not for the resultant health hazard called asbestosis. The minimum grand time for rescue 
operation while entering and leaving a fire compartment was 85 s.
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INTRODUCTION
Fire is an exothermic reaction that releases heat 

energy in form of light and heat [1]. It is a manmade 
disaster [2] which is preventable. Factors that contribute 
to its spread are combustible materials [3], poor electri-
cal wiring [4], failure to adhere to building codes [5]. A 
fire undergoes an incipient, a growing, a fully developed, 
and a decay stages [6], [24 - 26]. Materials propagating 
a fire refer to wall papers, foams, ceiling materials [7]. 
Fire is said to be a good servant and a bad master as well 
[8]. A material is categorized as flammable if it burns 
continuously after the energy source is eliminated [9]. 
Quantifiable numbers of organic materials are flammable 
and combustible. They are a good source of a fuel [10]. 
Ignition time is the time a flammable sample undergoes 
decomposition through high temperatures [11]. Materi-
als that undergo combustion provide different emissions 
[12] determined by their composition, the degree of 
exposure to the fire and the analytical methods employed 

in the study. The thermal conductivity, the thermal ab-
sorptivity, the thermal resistivity and the specific heat 
capacity of PVC and asbestos are studied [13 - 17]. It is 
found that they are good insulating materials for ceiling 
purposes. The specification of ASTM D4477-16 [18] 
lists the physical requirements and the test methods for 
extruded single-wall soffits manufactured from rigid (un-
plasticized) PVC compounds. The latter when extruded 
into soffit always maintain a uniform colour. Besides, 
they are free of any visual surface or structural changes 
such as peeling, chipping, cracking, flaking, or pitting.  

The release rate of PVC vapour is expressed as

m ̇ " =  q�̇�𝑛 "/∆Hg  
 

                                                                      (1)       
where  is the release rate of PVC vapour per unit 
surface area of the material (g/m2s), while  is the net 
heat flux to the surface (kW/m2) defined as: 

 = +                                              (2)
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It is defined as the external heat flux per surface area of 
the polymer (kW/m2). in Eq. (2)  is the flame heat 
flux per unit surface area of the polymer (kW/m2), while 

 is the heat of gasification (kJ/g), expressed as

 +  +  +     (3)

Eq. (3) includes  which stands for the heat of 
melting of the polymer (KJ/g),  which is the heat of 
vaporization of the polymer (kJ/g). Ta, Tm, and Tv and are 
the initial, the melting, the vaporization and the decom-
position temperature values ( ) of PVC, respectively; cs 
and c1 are the heat capacities of the original solid and the 
molten polymer (kJ/gk), correspondingly. Eqs. (1) and 
(2) show that the release rate of PVC vapour, which is 
very critical in governing the fire hazard, depends on the 
heat flux from the external heat source   and from its 
own flame, , the heat losses from the surface, , 
and the heat of gasification, . All four parameters 
depend on the generic nature and thermo physical prop-
erties of  PVC and the environmental conditions [19].

Combustible polymers and all types of matter are 
potential fire associates  [20]. The heat release rate for 
the combustion of solid polymer is expressed as  

    
                                                                                    (4)     

                   
                                                                                   (5)

where…. is the mass generation rate of product j per 
unit surface area of the polymer (g/m2), yj is the yield of 
product j (g/g), fj is the generation efficiency of product j 
, is the maximum possible mass stoichiometric yield 
of the product,  j (g/g), is the chemical heat release rate  
per unit surface area of the polymer (kW/m2), Hch is 
the chemical heat of combustion (kJ/g), HT is the net 
heat of complete combustion of the polymer (kJ/g), is 
the combustion efficiency determined by the ratio of 
Hch to HT. The term yj / Hg is defined as the product 
generation parameter PGP (g/kJ), while the term Hch/

Hg is defined as the heat release parameter (HRP, kJ/
kJ) [19]. fj is the fuel carbon atom conversion efficiency. 
It is defined as the ratio of the experimental yield of a 
product j to the maximum possible stoichiometric yield 

of the product. The chemical heat release rate is the ac-
tual heat that is released in the combustion of a polymer 
[19]. It has a convective and a radiative component. It 
is always less than the heat release rate referring to the 
complete combustion as the polymers do not burn com-
pletely. The chemical heat release rate is determined by 
the mass generation rate of CO2 corrected for the mass 
generation rate of CO (determined by carbon dioxide 
generation calorimetry) and by the mass depletion rate 
of O2 (determined by oxygen consumption calorimetry). 
A thermocouple is a useful instrument to sense, measure, 
control and convert temperature change into electricity. 
It responds quickly to the temperature change and can 
operate at high temperatures [21 - 23].

Different modes of heat transfer interactions are 
observed in a burning ceiling. When the latter is con-
sidered as a slab, conduction and convection are worth 
mentioning.

Conduction is the mode of transfer due to the tem-
perature difference in a constant channel. The energy 
transfer is directed by the high temperature heat source 
in the fire to the homogeneous sample ceiling material. 
Part of the energy is absorbed by the latter. This contrib-
utes to the temperature decrease in the fluid flow [22].

                               (6)

where j is the constant of proportionality (  ),  

Fig. 1. Heat conduction through a slab presenting a 
ceiling sample [22].
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called thermal conductivity,  
 is the heat flux  in W/m2 , while    is the temperature 

gradient along the direction of  flow in oC/m.
The energy transferred to the room space by convec-

tion is defined as [23]

=h(Ts-T∞)                     (7)

where   is the heat flux (W/M2), h is the heat transfer 
coefficient (W/m2 K), Ts is the temperature of the surface 
(K or OC ), while T∞ is the free stream temperature (K 
or oC) [21].

The purpose of this work is to predict the maximum 
time of rescue and that of escape of fire fighters and 
victims interacting involuntarily with the flames. This 
requires the identification of the stages of combustion 
involved in various ceiling materials. Those which 
withstand combustion will be recommended for further 
improvement. 

EXPERIMENTAL

Various brand of PVC material and plant origi-
nated ceiling samples were obtained from dealers and 
construction sites in Osun and Lagos State in Nigeria. 
They were representative of what could be found in 
other states. The experimental procedure used was as 
follows: 14 ceiling samples (10 were PVC, while the 
rest referred to the plant materials chosen) of 50 g were 
prepared using a weighing balance. The combustion 
apparatus was set up at an area clear from any build-
ings so that the fire could be controlled. Charcoal was 
fed into it and fuel was injected. Red hot coal purged 
of ashes was obtained. Wire mesh was introduced to 
accommodate each sample. Open combustion type was 
employed representing open channels like windows and 
doors. The temperature of the coal and each sample was 
obtained when a thermocouple probe was fed into the 
burning sample. The temperature variation with time 
was followed. Stop watch was used to take readings of 
the sample at intervals of 10 s up till the point the fire 
was finally extinguished. The procedure was repeated 
to minimize the error.

 
Terms employed in this experiment:

Ignition time, t ignition  (the time of spontaneous or 
non-spontaneous ignition); 

Burn out time, t burn-out (the time of material burning 
after fuel initiation; it depends on the type of the mate-
rial employed, its thickness, the rate of reaction and the 
percolation of heat through the interstices of the material 
structure);

Spontaneous ignition (it refers to the self-sustained 
burning of the material after the application of fuel);

Char (the residue of the material after complete 
or incomplete combustion). It was evaluated on the 
ground of:

                                 (8) 

where C was the char obtained after discontinued com-
bustion (kg), MO was the original mass of the sample 
prior combustion, while ML was the mass loss in the 
course of combustion.

Grand mean temperature (the mean temperature 
obtained on the ground of the experiments carried out). 
The formula used was:

                                                          
(9)

   
where ∑T was the sum of the temperature values 

read (oC), while N was number of r experiments car-
ried out.

Grand time (calculated on the ground of the sum 
of the time intervals determined in the course of all 
experiments carried out). The formula below was used:

                                        (10) 
              

RESULTS AND DISCUSSION

Figs. 2 and 3 show the stages of combustion of the 
ceiling materials studied.

Samples 1 - 10 in Table 1 refer to PVC of no spon-
taneous ignition as combustion is not supported. Their 
smooth surfaces prevent the heat transport into the 
material microstructure. The rate of heat transportation 
through the interstices is further slowed down due to the 
reluctance of the element to support combustion. The 
ignition time experienced by these PVC is determined 
by the coating on the surface. The heat from the external 
source supports the decomposition of the samples. It 
results in emission of noxious gasses which have hazard-
ous effects on the fire outbreak victim. Trusses made of 
a metal help preventing the fire spread unlike non-PVC 
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Fig. 2. The stages of the ceiling material combustion.

Fig. 3. Ceiling samples.
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samples. The latter are spreading the fire irrespectively 
of the nature of the external trusses used to support the 
ceiling. Plywood, particleboard and cardboard show no 
trace of their structure due to the complete combustion 
as revealed by their masses of residues (char) (0.00370 
kg, 0.00460 kg and 0.00199 kg, respectively). Hence 
these samples will encourage fire spread and can raze 
building with wooden trusses. As shown in Table 2, the 
highest and the lowest grand temperature time refer to 85 
s and 70 s, correspondingly. Firemen should as a matter 
of urgency carry the rescue mission within these time 
limits. All samples temperature is beyond the flashover 
one which amounts to 600°C and pose a high risk to a 
victim trapped in a fire scenario.

The flame spread and the heat release ratings are 
factors employed to evaluate the degree of materials 
combustibility. The heat release rating implies the rate 
at which oxygen is consumed during combustion [27]. 
The maximum net peak heat release rate for a deck board 
is rated for 269 kW/m2.  Cone calorimeter equipments 
provide the determination of heat transfer parameters. 

The test criteria for non-combustible materials refer to:
• weight loss less or equal to 50%;
• no flame within 30 s;
• a material temperature not higher than 30oC above 

that measured in the test apparatus [27]. Materials that 
are ignition resistant survive 30 min of flame due to 
fire retardants impregnated in them. A horizontal flame 
spread tunnel is usually provided.

A fire resistant material on the other hand reveals 
a capability of fire hampering. Thus, there is enough 
time for the people to exit a burning building before it 
collapses. The performance of a single material does 
not depict the overall performance of the building as it 
is composed of a number of them. A non-combustible 
material will not burn does not release flammable va-
pour and does not ignite. It corresponds to the standard 
test carried out in a vertical tube furnace at 750oC [28]. 
Finishing materials for ceiling construction can be made 
of any material, except plastics, they can be included in 
homogenous or composite constructions, but subjected 
to control [30 - 31].

Sample Burn-out 
time 
(s) 

Ignition 
time 
(s) 

Spontaneous 
ignition  
Y=yes, N=no 

Ignition 
temperature 
     (oC) 

Char(kg) Mass 
lost(kg) 

1 180.0000 10.0000          N 1861.0000 0.0191 0.0309 
2 420.0000 13.0000          N 1620.0000 0.0137 0.0363 
3 600.0000 -          N - 0.0139 0.0361 
4 180.0000 120.0000          N 1291.0000 0.0191 0.0309 
5 180.0000 -          N - 0.0189 0.0311 
6 240.0000 60.0000          N 1438.0000 0.0191 0.0309 
7 420.0000 5.0000          N 1512.0000 0.0187 0.0313 
8 360.0000 120.0000          N 1540.0000 0.025 0.0250 
9 720.0000 15.0000          N 1912.0000 0.0212 0.0288 
10 180.0000 3.0000          N 1681.0000 0.0180 0.0320 
Asbestos NI NI          N NI NI NI 
Plywood 300.0000 120.0000          Y 1853.0000 0.0037 0.0463 
Particle 
Board 

300.0000 7.0000          Y 1311.0000 0.0046 0.0454 

Cardboard 180.0000 30.0000          Y 1131.0000 0.00199 0.0480 

 

Table 1. Experimental combustion data.

where NI simply means No Ignition 
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CONCLUSIONS

This work examines the ignition time of selected 
ceiling materials falling in the range of 70 s - 85 s. The 
maximum time of burning process completion is 85 s 
at 833.3oC and 633.5oC for sample 10 and asbestos, cor-
respondingly, while the minimum time is 70 s at 680.9oC 
for sample 6. The high temperature recorded is a result 
of the heat generated by the coal. The latter represents 
the additional building material used to reinforce the 
ceiling sample.

Firemen are expected to carry out a rescue opera-
tion within 85 s. Their personal protective cover has 
to be examined for provision of fire retardancy aiming 
prolongation of the operation time.
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