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Abstract. Consideration was given to the issue of the integrated evaluation of the flammable 
properties and factors of wooden products (Oriented Strand Boards, OSB and Wood Particle 
Boards, WPB) as basic flammable construction materials exposed to the action of fire. The 
experimental data obtained for flammable wooden products during the experiments carried out to 
define the dependence of temperature on the time of fire impact, to measure and substantiate the 
charring depth of wooden products, to determine degradation zones affected by fire and their sizes 
(area, width and length) and to compare a change in the specimen mass before and after the tests 
have been given. The experimental data confirm and substantiate the pyrolysis processes of wooden 
products during the fire spread. 

1 Introduction 
To achieve energy independence, the EU countries have approved the long-term “Roadmap 2050” 
plan for the countries with underdeveloped economy to reduce the emission of carbon into the 
environment [1, 2]. In this context, the construction sector has short-term and long-term prospects 
for the reduction of carbon emissions due to the selection of the materials with a low effect on the 
environment and also due to the selection of energy-efficient structures [3, 4, 5]. An extended use of 
wooden products is a part of the solution of the problems relating to the ensurance of the energy-
efficiency for this plan. However, from the standpoint of environmental situation it raises many 
questions [6-10]. In addition, the use and operation of wooden products as construction materials 
demands the observation of the fire safety requirements. Summarizing the above, we can state that 
the problems of environmental ecology and fire safety of wooden products are of vital importance 
and require additional research.  

Research papers [11, 12] state that the wood pyrolysis results in the formation of the wood char 
and also liquid and gaseous products. Liquid products leave the hot zone partially in the drop phase 
partially in vapors and in combination with uncondensed gases form the steam-gas mixture. The 
most extended class of solid combustible materials smoldering in this way includes wood, paper 
and other lignocellulosic products [13, 14]. It is known that the pyrolysis includes certain changes 
in the chemical structure of the solid combustible material due to the heat impact [15]. In addition, 
the authors of the papers [16-18] also carried out the investigations to predict the fires in the 
premises that pose a threat to the life and health of people [19, 20]. Therefore, the ensurance of the 
human security is the primary task of the fire rescue units that arrive at the place of call [21-22].   

Figure 1 depicts physical and chemical changes during the material pyrolysis [23]. It should be 
noted that the composition and properties of pyrolysis products are primarily affected by the type of 
wood and its quality, the size of the raw material particles and the initial moisture content in the raw 
material, the rate of heating, the time of exposure of the raw material to any given temperature, final 
heating temperature, the circulation rate of the gas flow through the wooden layer and other factors.  
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Fig. 1. Physical and Chemical Changes During Thermal Decomposition [23] 
 

The charred material can be detected during inside fires [24]. The charred flammable material 
(wood) shows the cracks and blisters. To carry out investigations of the fire spread in this area, we 
use the methods [23] based on the determination of the charring depth of solid flammable materials 
(Fig.2) [23]. Let’s give consideration to the papers delving into the research of this subject-matter.  

 

 
Fig. 2. Measuring the depth of char [23] 

 
Paper [25] describes the experimental studies using WPB specimens exposed to the fire impact. 

The obtained test data show that the charring height and the area are increased with an increase in 
the heat release rate, however the experimental time has no essential effect on these parameters. The 
charring depth and volume are increased both with an increase in the experimental time and the heat 
release rate.  However, these experiments were carried out taking into consideration the impact of 
flame incoming from the ventilation channel. In this case, the fire spread occurs with no effect of 
external factors (the openings in the premises) and it differs significantly from the spread of the 
inside fire.  
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The authors of the paper [26] carried out investigations to define a change of temperature inside 
the compartment and also the height of the flame that goes through compartment openings. Based 
on the research done and the data obtained we suggest a general model that characterizes the height 
of the external flame for the compartments of a different scale with the specified nondimensional 
rate of the release of the excess heat taking into account the size of openings and the temperature in 
the upper part inside the compartment. However, the research done deals only with a change in the 
temperature inside the compartment, though the flame height and a change in the structure of the 
solid flammable material during the fire spread in the compartment were not taken into 
consideration.  

The authors of the paper [27] carried out appropriate tests to define the charring depth and the 
fire spread rate for cross-laminated bamboo slabs. During the tests the three specimens were used. 
One specimen was not treated with the fire-proof composition, another specimen was applied with 
the fire-retarding coating and the third specimen was impregnated with flame retardants, but first of 
all the specimens were exposed to the action of fire on the one side with the furnace temperature 
meeting ISO 834-1:1999/Amd 2:2021 requirements. Based on the test data, we suggested the 
temperature profile model to predict the slab temperature. It should be noted that this research was 
done to contribute to the development of the high-rise bamboo constructions that recently gained 
popularity in this country in the construction sector. However, other countries actually do not use 
these materials for construction purposes.  

Scientific paper [28] describes the investigations carried out to determine the charring of wooded 
structures protected with the standard lime-based plaster. The obtained data show that the plaster 
layers of a substantial thickness are able to provide the same initial protection of the constructions 
as the plasterboard plates showing the same time of the start of charring and the charring rate of the 
protected wood up to the time of its falling off. The research done is aimed at the preservation of 
historical buildings and constructions built of wood. However, the wood charring depth, the 
pyrolysis or the thermal decomposition of wood were not studied during this investigation.    

Paper [29] describes the investigations carried out to define the charring of the materials of a 
different thickness and the heat flow intensity. The research data show that the material thickness 
has a great effect on the material heat transfer and the temperature was taken into consideration not 
only in the area of the fire impact but also on the external side of the material. The research data 
also show the advance of the fire spread on the material surface not only due to the fire impact but 
also due to the heat conduction and it allows us in its turn to continue investigations in this field.  

The authors of the paper suggest carrying out experimental investigation to determine specific 
features and combustion parameters of wooden products exposed to the fire impact. The research 
done enables the solution of the problem relating to the prevention of fire and the spread of it in the 
case of the use of wooden products as construction materials and furniture inside the dwelling 
houses and constructions.   

The purpose of this research was to carry out the experimental studies of the thermal 
decomposition (pyrolysis) of wooden products during the fire spread determining simultaneously 
the charring depth as a function of temperature and time, a change in the mass and sizes of 
degradation zones after the fire impact.  

2 Materials and Research Methods 
During the investigations ordinary OSB [30] and WPB [31] with the dimensions of 
300 × 200 × 10 mm were used as wooden products. Experimental investigations were carried out in 
three stages. During the first stage of investigation, the boards were exposed to the impact of fire 
using the flame burner Flame Gun The Electron Strikes A light NO.920 with the balloon for 220 g 
of gas manufactured in China. In this case the gas burner was arranged along the specimen length 
and the flame was at a distance of approximately 10 mm from the specimens as shown in Fig.3. 

The OSB and WPB surface temperature was measured on both sides, in particular on the side of 
the flame impact of the gas burner and on the reverse side with the interval of 1 minute during 10 
minutes. 
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Fig. 3. General pattern of experimental conditions: on the left side we can see the gas burner and the 

OSB specimen and on the right side we can see the gas burner and the WPB specimen 
 
There was no flame impact during the temperature measurement on the surface of wooden 

products and a maximum temperature was recorded. The temperature was measured using the 
thermal imaging camera FLIR K33 manufactured by the FLIR Systems Estonia OÜ Company with 
the temperature range of 20 to 150°С and of 0 to 650 °С, the thermal sensitivity was < 40 мK at a 
temperature of 30 °С and the temperature measurement error was ± 4 °С or ± 4% at the ambient 
temperature of 10 to 35°С [32]. Fig 4 shows the research done.  

 

     
Fig. 4. Measuring the temperature on the surface of wooden products  

 
During the second stage, the investigation was carried out to measure the depth of char (missing 

char + remaining char) according to the method [23] and to determine the sizes of the zones of 
wooden products exposed to the flame impact. The depth was measured using Digital Caliper 
manufactured in China with the measurement range of 0 to 150 mm and the measurement accuracy 
of 0.01 mm with the measurement error of 0.02 mm. Fig. 5 shows the measurements of the depth of 
char.  

 

  
Fig. 5. Investigation and measurement of the missing char and remaining char according to the 

method given in [23] 
 
During the third stage, the investigation was carried out to determine a change in the mass of 

wooden products before and after the tests. The mass was measured using Professional Digital 
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Table Top Scale manufactured in China, a maximum weighing weight is 500g, the error is within 
0.1 g, the value of scale division is 0.01 g. Fig.6 shows the research done.   

 

   
Fig. 6. Mass measurement data obtained for the specimens of wooden products before and after the 

tests 

3 Discussions of Results 
This paper delves into the investigations of the thermal decomposition of wooden products (OSB 
and WPB) used for construction purposes and for the furniture manufacture. During the first stage 
of investigations the data were obtained for the impact of temperature on the specimens of wooden 
products (OSB and WPB) both on the side of the flame impact and on the reverse side, as shown in 
Fig. Fig 7 and 8. 
 

 
Fig. 7. The relationship of the temperature on the surface of wooden products (OSB and WPB) as a 

function of time on the side of the direct flame impact 
 
Fig.7 shows that the WPB surface temperature rapidly attained the value of 332°С at the 2d 

minute in contrast to the OSB surface that showed a gradual increase in temperature attaining the 
value of 320 °С only at the 4th minute in comparison to WPB. And the features of the thermal 
decomposition (change in color, charring) of wooden products were noticeable after the 1st minute 
of the flame impact both for WPB and OSB. At the 8th minute the temperature on the surface of the 
specimens of wooden products remained actually unchanged and at the 10th minute a maximum 
temperature was recorded and for the WPB surface it was equal to 536 °С and for the OSB surface 
it was equal to 564 °С. When analyzing Fig.8, a rapid increase in temperature was recorded for 
OSB at the 9th minute and it was equal to 166°С that is primarily characterized by the burnout of the 
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wooden product. As for WPB, the temperature is increased gradually with time and a maximum 
value of it was recorded at the 10th minute and it was equal to 134 °С and the specimen burnout was 
not detected in this case.  
 

 
Fig. 8. The relationship of the temperature on the surface of wooden products (OSB and WPB) as a 

function of time on the reverse side of the flame impact 
 
During the second stage of investigation, the measurement data for the depth of char were 

obtained. The data given in Table 1 were obtained using the method [23] taking into account the 
measurement period (Fig.2 and Fig5.). The missing char and the remaining char were measured 
thrice in different places to get reliable data. Afterwards, the depth of char was calculated as the 
sum of the values of the missing char and the remaining char. The obtained experimental data were 
processed using the method of least squares and are given in Table 1.  

Table 1. Calculation data of the charring depth of wooden products (OSB and WPB) 

Type of wooden 
products  

Missing char, 
[mm] 

Remaining char, 
[mm] 

Depth of char, 
[mm] 

Rms depth of char, 
[mm] 

WPB 0.76 4.53 5.29 
5.24±0.1020.9 1.09 4.16 5.25 

1.21 3.96 5.17 
OSB 2.84 2.71 5.55 

5.78±0.3420.9 3.22 2.63 5.85 
3.47 2.47 5.94 

 
So, the root-mean-square (rms) depth of char for WPB was equal to 5.24±0.1020.9 mm, and for 

OSB it was  equal to 5.78±0.3420.9 mm. When analyzing the measurement data for the missing char, 
we get for WPB a minimum value equal to 0.76 mm and a maximum value equal to 1.21 mm; as for 
OSB we get a minimum value equal to 2.84 mm and a maximum value equal to 3.47mm. When 
analyzing the measurement data obtained for the remaining char we get a minimum value for WPB 
equal to 3.96 mm and a maximum value equal to 4.53 mm and in the case of OSB a minimum value 
was equal to 2.47mm and a maximum value was equal to 2,71 mm. When comparing the 
measurement data it should be noted that the missing char values and the remaining char values are 
actually the same for OSB in contrast to WPB where the missing char values are much lower in 
comparison to remaining char values. However, the comparison of the values for the depth of char 
shows that these differ only by 0.5 mm both for OSB and WPB.  
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The investigation was carried out to specify the degradation zones [33] of wooden products 
(OSB and WPB) that were exposed to the flame impact according to Fig.9.  

 

 
Fig. 9. Degradation zone of wooden products exposed to the flame impact: 1 – Unburned wood;  

2 – Pyrolysis zone base; 3 – Pyrolysis zone; 4 – Char base; 5 – Char layer 
 
During the investigation of the degradation zones of wooden products (OSB and WPB) that were 

exposed to the flame impact we specified the areas of those zones and their sizes (a maximum width 
and height). A specified area of degradation zones is given in Fig.10 and the obtained data are given 
in Table 2.  

 

    
а          b             c     d  

Fig. 10. Specified area of the degradation zones of wooden products exposed to the flame impact:  
a – Pyrolysis zone for WPB; b – Char layer for WPB; c – Pyrolysis zone for OSB; d – Char layer 

for  OSB 
Table 2. Calculation data obtained for the zone sizes of wooden products exposed to the flame 

impact 

Type of 
wooden 
products  

Total 
area, 
[m2] 

 

Pyrolysis 
zone 
area, 
[m2] 

Char 
layer 
area, 
[m2] 

Pyrolysis 
zone 

width, 
[m] 

Char 
layer 

width, 
[m] 

Pyrolysis 
zone 

length, 
[m] 

Char 
layer 

length, 
[m] 

WPB 0.06 0.024 0.0051 0.116 0.045 0.698 0.194 
OSB 0.06 0.028 0.0104 0.138 0.071 0.307 0.260 

 
When analyzing the obtained research data we should note that the pyrolysis zone area for WPB 

is equal to 0.024 m2 and for OSB it is equal to 0.028 m2 and in this case the char layer area for WPB 
is equal to 0.0051 m2 and for OSB it is equal to 0.0104m2. Giving consideration to the area values 
and the sizes of the pyrolysis zone and char layer, we can state that these values are higher for OSB 
in comparison to those obtained for WPB.  

Table 3 gives the research data obtained during the third stage of the investigations for a change 
in the specimen mass of wooden products (OSB and WPB) before and after the tests.  
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Table 3. Measurement data obtained for the specimen mass of wooden products (OSB and WPB)  

Type of wooden 
products  

Specimen mass 
before the tests, [g]  

Specimen mass after the 
tests, [g]  

A change in the 
specimen mass, [%] 

WPB 425.05 385.55 9.29 
OSB 413.58 369.57 10.64 

 
The measurement data obtained for the specimen mass of wooden products (OSB and WPB) 

showed that the specimen mass decreased after the tests by 10.64 % for OSB and by 9.29 % for 
WPB. It should be noted that the difference in the change of mass of the specimens of wooden 
products makes up 1.34 % and it can be explained by a different structure.  

According to [30], OSBs are multilayered boards made of wood shavings with addition of 
adhesive and according to [31] WPBs are the boards manufactured by the method of hot pressing of 
wooden particles mixed with the binder. In other words, OSBs consist of large wood shavings and 
WPBs consist of the shavings of a smaller size and if we consider the spread of fire, the expansion 
of fire on the solid combustible material and the obtained research data we will notice that the 
burning of wooden products that consist of large wood shavings (OSB) is more intensive and 
accordingly it occurs at a higher temperature and an increased flame expansion rate in comparison 
to wooden products consisting of wood particles of a small size (WPB).  

To prevent the rapid expansion of flame on the solid flammable material it is reasonable to treat 
wooden products (OSB and WPB) with flame retardant compositions [34-37] or introduce novelty 
technologies into the material structure [38-42] and use the primary fire –fighting equipment to 
minimize the fire spread including the standalone and mobile fire-fighting tools using the mist water 
[43, 44] with technical performances given in [45-49]. 

The experimental investigations carried out to study wooden products (OSB and WPB) allowed 
us to compare and analyze their behavior during the flame impact, to substantiate the pyrolysis 
process or thermal decomposition taking into consideration the dependence of temperature on time, 
to study and specify the degradation zones of wooden products exposed to the flame impact and 
also their areas and sizes and accordingly analyze and specify a change in the specimen mass before 
and after the tests. The obtained research data will serve as a basis for the development of 
mathematical models within the framework of this research and allow us to improve the safe stay of 
people in the premises with available wooden structures, furniture and other wooden products (OSB 
and WPB).  

Summary 
Experimental investigations were carried out to determine the flammable properties and factors of 
wooden products (OSB and WPB) exposed to the fire impact. It should be noted that the wooden 
products (OSB and WPB) are the basic materials used for construction purposes and furniture 
manufacture. In addition, the research data enabled the measurement and substantiation of the 
dependence of temperature on the time of fire impact. The degradation zones of wooden products 
injured by the fire including their areas and sizes have been specified and a change in the specimen 
mass before and after the tests was analyzed. Hence, the studies of the dependence of temperature 
on time showed that the features of the thermal decomposition of wooden products appeared after 
the first minute of the flame impact and a maximum temperature recorded for WPB was equal to 
536 °С and for OSB it was equal to 564 °С.The rms depth of char for WPB was equal to 
5.24±0,1020.9 mm and for OSB it was equal to 5.78±0,3420.9 mm. The data were obtained for 
degradation zones of wooden products, in particular the pyrolysis zone area (WPB) was equal to  
0.024 m2, the pyrolysis zone area (OSB) was equal to 0.028 m2, the char layer area (WPB) was 
equal to  0.0051 m2, and the char layer area (OSB) was equal to 0.0104 m2.  The mass measurement 
data for the specimens of wooden products (OSB and WPB) before and prior the tests showed 10. 
64 % for  OSB and 9.29 % for WPB. 
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The obtained research data allowed us to establish that the burning of wooden products that 
consist of large wood particles (OSB) is more intensive and accordingly it has a higher temperature 
and an increased flame expansion rate on the surface of wooden products in comparison to those 
that are made of the fine wood particles (WPB).  
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