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Abstract

The purpose of this work is to experimentally determine the climatic effects on the performance of wood-based panels
using the methodology developed on the basis of the thermo-fluctuation concept of material aging. This methodology
makes it possible to determine the durability of the material by taking into account the simultaneous action of temperature,
time, and mechanical stress, as well as additional external influences. The experiments were conducted on particleboard,
fiberboard, and plywood. The following climatic effects were studied experimentally in specialized laboratory facilities:
high humidity, thermal aging, and UV-irradiation. As the evaluation indicators of the performance characteristics of wood
boards were selected, water absorption, swelling rate, thermal expansion, penetration strength, and bending strength. From
a theoretical point of view, the value of this work lies in demonstrating a methodology for determining the performance
characteristics of particleboard, fiberboard, and plywood, which is highly accurate by considering these characteristics
together rather than separately. From a practical point of view, this paper contains experimental results that allow us to
judge the characteristics of the wood boards. It has been proven that exposure to UV rays and heat aging causes the binder
between the filler particles to break down, and moisture is detrimental to the filler. The thermo-fluctuational constants
obtained in the course of the study make it possible to predict the durability of the materials in question over a large range
of operating parameters.
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1. Introduction

One of the main methods of residential or small commercial structure construction is the use of wooden structures.
Wood frame construction is popular partly because of its economical technology and wide availability of materials.
Currently, there is an active replacement of natural wood with its modernized artificial analogs, wood composites. The
reason for this is both the general development of scientific and technological potential and economic development [1].
Wood composites are usually considered to be wood modified by polymers [2]. Such materials include particleboard,
fiberboard, and plywood, which are considered in this paper. It is also worth noting that the list of such materials is quite
wide, but those considered in this paper are the most common around the world.

All building materials are exposed to external influences (moisture, exposure to low and elevated temperatures,
ultraviolet, etc.) during operation. The impact of external factors can lead to the aging of building materials, i.e., a change
in their structure, as well as the deterioration of their operational properties (strength, heat resistance, etc.) [3, 4].
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In world practice, when studying the strength characteristics of particle boards, fiberboard, and plywood, maximum
strength values were obtained under various types of loading (transverse bending, compression, stretching, punching,
etc.) under normal conditions [3-5]. Currently, the physical and mechanical characteristics of wood slabs with
modernizing additives affecting fire resistance, moisture resistance, etc. are being studied [6-13]. Due to the wide
availability of such materials, the possibility of using such materials in seismic areas is being studied [14]. It is also
worth noting that researchers in some countries are studying the properties of adapted types of wood slabs for local raw
materials [15-18]. For example, the use of bamboo filled with modernizing additives [19]. It should be noted that some
attempts were made to study the long-term strength of particle boards, fiberboard, and plywood, but without taking into
account the joint work of various influencing factors [20—22]. The material is exposed to prolonged loads in combination
with the effects of temperature and humidity influences, atmospheric influences, and solar radiation in the process of
manufacturing and operation at the same time, and it must be comprehensively studied as well.

This work is based on the basic ideas of the thermo-fluctuation concept, which considers the failure of the structure
(destruction of chemical bonds) due to the joint work of the energy of thermal motion of atoms and the work of an
external force. This principle was developed by S.N. Zhurkov and was further significantly refined by Soviet and
Russian scientists. Accounting for the durability of materials based on this concept is currently a rather labor-intensive
method, but it has high accuracy. Because of its high labor intensity, this method is still under development and is
currently used only in post-Soviet countries, especially in Russia [23].

Currently, in the thermo-fluctuation concept, the durability of the material is described by the following formula:
7= Ty exp [T (T = T )

where 7 is the durability of the material or the time before the onset of one of the limiting states, [s]; R is universal gas
constant, [kJ/mol-K]; o is stress, [MPa]; T is temperature, [K]; tm IS minimum fracture time of a solid, characterized by
the oscillation period of a particular Kinetic unit (atom, group of atoms or segments), [s]; Uo is maximum activation
energy of the destruction process, which is determined by the bonding energy preventing the loss of body integrity, and
in metals is close to the sublimation energy; in polymers, it is close to the activation energy of the thermo destruction
process, i.e., the maximum activation energy of destruction is numerically close to the activation energy of interatomic
bond decay in solids, [kJ/mol]; y is a structural-mechanical constant characterizing the efficiency of the mechanical
field when the load is applied to the body [kJ/(mol-MPa)]; Tr is the limiting temperature of existence at which the
chemical bonds of the polymer are destroyed in a single thermal fluctuation, [K].

Fracture of solids is a process that is thermally active over time and constantly evolving. The formula contains the
multiplier "exp (U /kT)". This multiplier is the inverse of the Boltzmann factor. The task of this multiplier is to provide
a description of the rate of standard physical and chemical processes. Such processes include: chemical reactions,
diffusion, evaporation, phase transitions, etc. In view of the fact that the rate of the named processes accelerates with
increasing temperature, such processes are called thermo active [24]. Such processes are performed if the system is
metastable. The elements in such a system pass from one state to another by means of thermal fluctuations, overcoming
the energy barrier expressed by the "U" value. At the moment when the mechanical load is established, the acceleration
of breaking intermolecular and interatomic bonds begins. Since the applied load has a certain direction, the process
cannot be stopped because mechanical destruction occurs by the elementary act of breaking intermolecular and
interatomic bonds. This phenomenon is called the mechanothermal process. This process proceeds over time, which, in
turn, increases the number of thermal fluctuations. In connection with the above, we can say that time does not play a
large role but only increases the number of thermal fluctuations required for the transition from one energy state to
another [25, 26].

2. Materials and Methods

A set of studies, including six types of experiments, was carried out in this work to explore the influence of climatic
factors on the operational properties of wood slabs. These experiments include determining the effects of increased
humidity, UV irradiation, and thermal aging by evaluating the parameters of water absorption, swelling rate, thermal
expansion, penetration strength, and transverse bending strength. Figure 1 shows a block diagram of the study.

2.1. Methodology for Determining the Effect of UV Irradiation and Thermal Aging on the Water Absorption
Process

The first experiment is aimed at identifying the possibility of breaking bonds in a material under the influence of
ultraviolet irradiation and thermal aging. This dependence is revealed when studying the absorption of liquid media by
the material and its swelling. The choice of water as a liquid medium is due to the high influence on the characteristics
of wooden composites. In addition, water is the most common liquid medium. In view of this, the study is carried out
with its application.

Determination of the resistance of wood slabs to ultraviolet radiation is carried out in a special camera of artificial
photoaging. The process of thermal aging is carried out by heat treatment in a drying cabinet. Figure 2 shows an artificial
photo aging chamber and a drying oven.
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Comprehensive determination of the performance characteristics of chipboard, fiberboard and plywood using the

thermal fluctuation concept
1 4
Determination of the effect of UV exposure % Determination of temperature on the
and heat aging on the binder of fiberboard, strength characteristics of fiberboard,
chipboard and plywood by assessing their chipboard and plywood in transverse
moisture absorption bending
2 5
Determination of the effect of UV exposure <«— Determination of temperature on the
and heat aging on the binder of fiberboard, <— strength characteristics of fiberboard,
chipboard and plywood by assessing the rate chipboard and plywood during penetration
of swelling from water
3 <« 6
Determination of the influence of UV Determination of moisture absorption on the
irradiation and swelling on the thermal <+« > strength characteristics of fiberboard,
expansion of fiberboard, chipboard and chipboard and plywood in transverse
plywood bending

Figure 1. Block diagram of the research methodology

(b)
Figure 2. Artificial photo aging chamber (a), and drying cabinet (b)

Water absorption is determined by the formula:

B =" 100 )

my
where m, is the sample mass before the test, [kg]; m; is the sample mass after staying in water, [kg].

The swelling of the material in thickness is determined by a similar formula:

B=%"%.100 3)

C
where ¢, is the height of the sample before the test, [mm]; ¢, is the height of the sample after its stay in the water, [mm].

Tests were conducted in water at temperatures of 20, 40 and 60 °C before and after exposure to UV irradiation and
heat aging. UV irradiation and heat aging were performed for 50 hours for each sample. Samples of size 20x20x20 mm
were used for the experiments.

2.2. Method for Determining the Effect of Ultraviolet Irradiation and Thermal Aging on the Swelling Rate

The second experiment determines the effect of ultraviolet irradiation and thermal aging on the swelling rate of wood
slabs. The determination of the swelling rate is determined by rearranging by grapho-analytic differentiation of the
graphs of the effect of thermal aging and UV irradiation on swelling into the coordinates of the logarithm of the swelling
rate from the inverse temperature. The Arrhenius equation is used to describe them:
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E
W =W, exp (— E) 4)
where w is swelling rate, [%]; wo is pre-exponential multiplier, [%/c]; E is activation energy of swelling, [kJ/mol]; R is
universal gas constant, [kd/mol-K]; T is temperature, [K].

2.3. Methodology for Determining the Effect of Ultraviolet Irradiation and Swelling on Thermal Expansion

The third experiment is aimed to identify the effect of ultraviolet irradiation and swelling on the thermal expansion
of wood slabs. Dilatometric studies make it possible to determine not only the temperatures of phase transitions, but also
to investigate the influence of various factors on them (molecular weight, thermal background, heating rate, etc.). The
type of dilatometric curves in the transition region depends on the structure of macromolecules and the supramolecular
structure of the polymer, which makes it possible to study the nature of transitions in copolymers, branched and cross-
linked polymers, in polymer-polymer and polymer-low molecular weight substance systems, etc.

At elevated temperatures and soaking, the dimensions of building structures change, causing significant thermal or
humidity loads in the material. The research consists in constructing dilatometric graphs based on experimental data
[10]. The experiment is carried out on a linear dilatometer at a constant heating rate of 1.65 °C/min. The tests are carried
out in a free state, after ultraviolet irradiation and after soaking in water. According to the obtained curves, the coefficient
of linear thermal expansion is determined by the formula:

where a is coefficient of linear thermal expansion, [1/°C]; lo is initial sample length, [mm]; Al is elongation of the sample

[mm] when the temperature changes by the value of AT [°C].

Since the dependencies are not linear, they are divided into linear sections, where for each section is the coefficient
of linear thermal expansion. Then this coefficient is averaged and taken as common for the entire graph. Figure 3 shows
the optical dilatometer.

Figure 3. Optical dilatometer

2.4. Method for Determining the Effect of Temperature on Transverse Bending Strength

The fourth experiment determines the effect of temperature on the strength of wood slabs before and after UV
irradiation. The test consists in transverse bending of the elements of wood slabs at various constant temperatures (20,
30, 40, 50 and 60 °C) before and after UV irradiation. The samples are loaded stepwise on a six-position stand (Figure
4). This stand consists of frame, which is made of channels. On the support platform of the frame, two roller supports
are installed at a distance from each other equal to the span of the beam (50 mm). The sample is placed on roller supports
and loaded using a loading device. The increased temperature is created by rod electric heaters. To reduce heat loss and
create a directed heat flow to the support platform, a casing is installed and fixed to the frame. The temperature is set by
a laboratory autotransformer and regulated by a potentiometer in the range 0... 300 °C and additionally controlled by a
thermometer with an accuracy of + 1 °C. It should be noted that the thermocouple and the thermometer ball are located
in the zone of destruction of the working part of the sample. To eliminate mechanical vibrations during the destruction
of samples, a damping device was used — a container filled with sand.
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Figure 4. Six-position stand
2.5. Method for Determining the Effect of Temperature on Penetration Strength

The fifth experiment shows the patterns of behavior of wood slabs during melting. The tests are carried out in the
mode of specified constant stress before and after ultraviolet irradiation at different temperatures (20, 40, and 60 °C).
The experiment is carried out using a lever installation with a long lever length. The depth of the dive is recorded by the
hourly indicator. The constants of thermal oscillations describing the introduction of the indenter into the surface of the
material were obtained during standard grapho-analytic rearrangements. Based on the experimental data obtained,
graphs are constructed in Igt — o coordinates. The next step is the standard permutation of a family of fan-shaped straight
lines into Igt - 1000/T coordinates. The constants tm and Tm are determined by the pole of these lines. The constants Ug
and g are found from a graph constructed in the coordinates Uo — 6. The constant Up is the value formed along the
ordinate axis (Uo, kJ/mol) by the intersection point of the line, and g is the angular coefficient of the line taken with the
opposite sign.

2.6. Method for Determining the Effect of Moisture Absorption on Transverse Bending Strength

The sixth experiment is aimed at studying the effect of humidity on the durability of wooden slabs. Pre-soaked
samples in water for 1 hour. Then their bearing capacity is determined during transverse bending on a six-position stand,
in the mode of constant set temperatures and stresses. Then, according to the experimental data obtained, a graph is
plotted in the coordinates of the logarithm of the durability of the voltage.

3. Results and Discussion
3.1. Effects of UV Irradiation and Thermal Aging on Water Absorption

Water significantly affects the physical and mechanical characteristics of wood materials. The tests were carried out
in water at constant temperatures (20, 40, 60 °C) before and after exposure to thermal aging and ultraviolet irradiation.
Based on the results obtained, kinetic curves were constructed in the coordinates of water absorption from the exposure
time in water and swelling from the exposure time in water. The curves have an exponential shape. Figure 5 shows
graphs of water absorption of fiberboard, chipboard and plywood without external influences, Figure 6 shows graphs of
swelling.
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Figure 5. Water absorption of wood boards without external influence:-a - chipboard; b - fiberboard; ¢ — plywood
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Figure 6. Swelling of wood slabs without external influence:

Due to the fact that the nature of the curves does not change under the influence of thermal aging and ultraviolet
irradiation, the results obtained are shown in Tables 1 and 2.

Table 1. Effect of thermal aging and UV irradiation on water absorption of wood boards

Water absorption at ambient temperature, [%]

Material Impact time, (min)  Type of exposure
20°C 40°C 60°C
Without exposure 0...5 0...8 0...13
Chipboard 0...24 UV irradiation 0...4 0...7 0...10
Heat aging 0...7 0...9 0...12
Without exposure 0...3 0...7 0..21
Fiberboard 0...24 UV irradiation 0...2 0...10 0...15
Heat aging 0...4 0...8 0...12
Without exposure 0...35 0...50 0...75
Plywood 0...24 UV irradiation 0...45 0...55 0...70
Heat aging 0...45 0...64 0...75
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Table 2. Effect of thermal aging and UV irradiation on wood board swelling slabs

Swelling at ambient temperature, [%]

Material ~ Impact time, (min)  Type of exposure

20°C 40°C 60 °C

Without exposure 0...16 0...38 0...62

Chipboard 0...24 UV irradiation 0...17 0...32 0...60
Heat aging 0...21 0...42 0...63

Without exposure 0...22 0...67 0...130

Fiberboard 0...24 UV irradiation 0...10 0...70 0...98
Heat aging 0...17 0...48 0...78

Without exposure 0...15 0...16 0...17

Plywood 0...24 UV irradiation 0...9 0...10 0...13
Heat aging 0...12 0...11 0...11.2

Based on the above results, it was found that the processes of swelling and water absorption occur most strongly at
the initial site (for 50 ... 100 minutes), after which they slow down or stabilize. At the same time, the speed of the
processes is strongly influenced by the temperature of the water. Thus, when heated to 60 °C, the water absorption value
of wood boards increases from 2 (plywood) to 5 (fiberboard) times. After thermal aging and ultraviolet irradiation, the
behavior of wood boards and plywood in water changes. So, at room temperature after thermal aging, the amount of
water absorption increases by 1.3-1.5 times. And after exposure to ultraviolet radiation, they behave differently: the
water absorption of plywood and fiberboard increases slightly, and chipboard decreases. When water is heated to 60 °C,
a drop in the value of their water absorption is a characteristic of all materials both after thermal aging and after
ultraviolet irradiation. At the same time, chipboard and plywood are characterized by the lowest water absorption after
exposure to ultraviolet radiation, and for fiberboard - thermal aging. When swelling, the materials behave in a similar
way. From the results obtained, it follows that in wood slabs, under the influence of ultraviolet irradiation and thermal
aging, there is a violation of the bonds between the filler particles. As a result, materials become less susceptible to the
action of water.

3.2. Results of Determining the Effect of UV Irradiation and Thermal Aging on the Swelling Rate

To determine the characteristics of water absorption of wood slabs, the dependences of the swelling rate on the
reverse temperature were constructed (Figure 7). It can be seen from the figures that straight lines were obtained as a
result.
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Figure 7. Dependence of the swelling rate of wood slabs in water on the reverse temperature: a - chipboard; b - fiberboard;
¢ — plywood (1 - without exposure; 2 - UV irradiation; 3 - thermal aging)

The preexponent is determined by extrapolating this straight line to the ordinate axis (swelling rate), and the
activation energy of this process is defined as the tangent of the angle of inclination of the straight line. The results
obtained are presented in Table 3.

Table 3. VValues of physical constants of swelling of wood slabs

Material  Type of exposure E, kJ/mol Igv E/lgv
Without exposure 13.7 34 4.03

Chipboard UV irradiation 43.97 8.6 5.11
Heat aging 30.74 6.65  4.63

Without exposure 26.35 53 4.97

Fiberboard UV irradiation 61.47 7.65 8.04
Heat aging 35.13 1155 3.04

Without exposure 19.96 25 7.98

Plywood UV irradiation 19.96 22 9.07
Heat aging 21.95 4.6 4.77

It can be seen from the table that the constants characterizing the swelling rate vary depending on the type of wood
slab and the impact. Moreover, thermal aging is the most dangerous for plywood and fiberboard, and ultraviolet
irradiation is for chipboard. So, for fiberboard E and Igv is 2 times more than for chipboard. In plywood, these values
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have an intermediate value. To assess the degree of climate impact, consider the E/Igv ratio. It can be seen from the table

that all the studied wood slabs are highly resistant to ultraviolet radiation. The data obtained make it possible to predict
the rate of swelling of wood slabs after exposure.

3.3. Results of Determining the Effect of UV Irradiation and Swelling on Thermal Expansion

The behavior of wood slabs in the free state when heated at a given rate before and after ultraviolet irradiation and
swelling in water was also studied. The results are shown in Figures 8 & 9, and Table 4.
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Figure 8. The effect of UV irradiation on the linear thermal expansion of a wood slab:a - chipboard; b - fiberboard; ¢ —
plywood (1 - without exposure; 2 - after UV irradiation)
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Figure 9. The effect of swelling on the linear thermal expansion of a wood slab: a - chipboard; b - fiberboard; ¢ — plywood (1
- without exposure; 2 - after swelling)
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Table 4. Values of coefficients of linear thermal expansion of building composites

Material ~ Type of exposure  Coefficient of linear thermal expansion ax10, 1/°C

Without exposure 76

Chipboard UV irradiation 109
Swelling 781

Without exposure 121

Fiberboard UV irradiation 167
Swelling 111

Without exposure 131

Plywood UV irradiation 99
Swelling 61

The coefficients of linear thermal expansion are determined by the obtained curves. From the data obtained, it can
be seen that exposure to ultraviolet radiation increases the coefficient of linear thermal expansion for fiberboard by 1.3
times, and for chipboard by almost 1.5 times. For plywood, on the contrary, there is a decrease of 1.2 times. After
soaking, the coefficient of linear thermal expansion of the chipboard increases by 10 times, which is associated with the
destruction of the physical bonds of this material. For fiberboard, on the contrary, the coefficient value decreased by 1.1
times, and for plywood - by 2.2 times.

3.4. Results of Determining the Effect of Temperature on Transverse Bending Strength

Structural transitions after photoaging were determined, which are characterized by transition temperatures: for
plywood, these are temperatures of 40 and 70 °C. After ultraviolet irradiation, the transition temperature shifts to a
higher temperature range (50—90 °C). This is due to the layered structure of the material. In fiberboard, the transition
points do not shift because the fibers in this material are oriented. The particle board had three transition points
before external influences: at temperatures of 40, 60, and 80 °C. After ultraviolet irradiation in the range of 40-80
°C, the point disappears, i.e., the structure of the material in this temperature range is leveled. There is a resorption
of internal stresses.

Experimental results of the influence of temperature on the strength of wood slabs before and after ultraviolet
irradiation are shown in Figure 10.
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Figure 10. The effect of temperature on the strength of wood slabs before and after UV irradiation: a - chipboard; b -
fiberboard; ¢ — plywood (1 - without exposure; 2 - after UV irradiation)

It can be seen from the figure that after ultraviolet irradiation, the strength of the fiberboard is significantly reduced.
Ultraviolet has a negative effect on the emulsion of rosin and paraffin, which are part of the binder of the fiberboard,;
the bond between the fibers weakens, and they begin to work as free. Thus, the load required for the destruction of the
material is reduced. On the contrary, in plywood, the strength increases after exposure to ultraviolet radiation. This is
due to the so-called shielding effect: the upper veneer protects the polymer layer from destruction, and the wood itself
becomes stronger after exposure to ultraviolet radiation. The short-term strength of chipboard practically does not
change after UV irradiation: the structure of the material becomes more homogeneous, the binder loses strength, and the
filler, consisting of sufficiently large chips, acquires strength.

Based on the data from the graph, the temperature of destruction of wood slabs without load application and the limit
voltage at a temperature equal to zero are calculated (Table 5). The value of the limit temperature without the application
of a load is obtained by interpolation along the abscissa axis. The value of the breaking voltage at zero temperature is
obtained by interpolation along the ordinate axis.

Table 5. The value of the fracture temperature of plywood without load application and the value of the limiting voltage at a
temperature equal to zero when exposed to UV radiation and without exposure

Material ~ Type of exposure t,°C,at6=0MPa ¢, MPa,att=0°C

Without exposure 137 19

Chipboard
UV irradiation 137 19
Without exposure 196 48

Fiberboard
UV irradiation 172 32
Without exposure 212 100

Plywood

UV irradiation 237 119
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3.5. Results of Determining the Effect of Temperature on Penetration Strength

Vol. 9, No. 06, June, 2023

The study of the patterns of behavior of wood slabs during melting was carried out only for particle boards and
fiberboard. The results of penetration tests at temperatures of 20, 40, 60 °C in the coordinates Ig T — ¢ without external
influences and after exposure to UV radiation are shown in Figures 11 and 12.
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Figure 11. Dependence of the logarithm of durability on voltage and temperature for chipboard: a - without external

influences; b - after UV irradiation (1 — at 20 °C; 2 — at 40 °C; 3 — at 60 °C)
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Figure 12. Dependence of the logarithm of durability on voltage and temperature for fiberboard: a - without external
influences; b - after UV irradiation (1 —at 20 °C; 2 — at 40 °C; 3 — at 60 °C)

The dependences of the logarithm of the velocity on the inverse temperature for wood slabs both before and after
exposure to ultraviolet radiation are linear and converge at one point. This confirms the temperature fluctuation
characteristic of the deformation of wood slabs during melting. After ultraviolet irradiation, the dependencies take the
form of reverse rays. As a result of grapho-analytical rearrangements of these graphs, the constants of thermal
oscillations are calculated, which are shown in Table 6.

Table 6. The value of thermal fluctuation constants of wood slabs during penetration before and after exposure to UV radiation

Thermal fluctuation constants

Materials Type of exposure
Tm, S€C  Tm, K U, kd/mol vy, kJ/(MPaxmol)

Without exposure 107 455 68 6.47

Chipboard o
UV irradiation 107 260 12 -3.33
) Without exposure 1071 476 175 1.83

Fiberboard o
UV irradiation 101° 253 -22 0.32

These constants characterize the introduction of the indenter into the surface of the material during melting. As can
be seen, ultraviolet irradiation causes significant changes in these constants.

When studying the effect of UV irradiation on the nature of the introduction of a solid indenter during penetration,
thermal oscillation constants were obtained, which allow us to judge the degree of influence of this type of aging on
durability. It is established that after 50 hours of photoaging in wood slabs, the constants of thermal oscillations change,
accompanied by the transformation of the direct beam (the dependence of the logarithm of durability on voltage) into
the reverse.

3.6. Results of Determining the Effect of Moisture Absorption on Transverse Bending Strength

In order to study the effect of water on the durability of wooden slabs, long-term tests were carried out. The
experimental data obtained in IgT — 6 coordinates are shown in Figure 13.
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Figure 13. The dependence of the logarithm of durability on the voltage for wood slabs before and after swelling for 1 hour
a - chipboard; b - fiberboard; ¢ — plywood

It can be seen that the nature of the dependencies before and after exposure to water remains, but for all materials,
there is a significant loss of durability and strength.

Humidity has a very significant effect on the durability of plywood. His strength dropped by about 4.5-5 times.
Chipboard products should be insulated from contact with moisture, as the load-bearing capacity of this material drops
sharply on impact. The most moisture-resistant material turned out to be fiberboard, which has the least decrease in
durability and strength.

4. Conclusion

Studies of the effects of thermal aging and UV irradiation on the physical and mechanical characteristics of wood
composites have shown that the deleterious effects of these influences destroy the binders, namely polymer-enhancing
additives. This is confirmed by the fact that after exposure to UV irradiation and thermal aging, there is a decrease in
the density of the material and consequently in its susceptibility to water. This also proves a general decrease in the
strength of wood composites, namely resistance to transverse bending and penetration. The influence of water also
impairs performance, but the deleterious effect is not on the binder but on the filler wood. It has been proven that UV
irradiation and thermal aging have different effects, as the obtained swelling constants are different from each other.
The results of this study show that a comprehensive approach to the study of performance characteristics is the most
optimal solution. The application of the thermos-fluctuation concept increases the accuracy of the results since taking
into account the operating parameters at different temperature ranges makes it possible to give a much more accurate
prediction of the durability of materials. Thus, the considered efficiency indicators considerably deteriorate at high
temperatures as compared to low ones. This pattern confirms the basic postulate of the thermos-fluctuation concept that
higher temperatures cause much higher energy fluctuations in interatomic bonds and require much less mechanical
energy from the outside to break them. The results of this study prove the validity of the proposed methodology for
studying the performance characteristics of wood composites. Therefore, further research on the performance
characteristics of wood composites, which were not involved in this study, is needed for future studies. In addition, to
increase validity, it is necessary to conduct full-scale tests in addition to laboratory studies, which will include the study
of real performance characteristics in different climatic zones.

1506



Civil Engineering Journal Vol. 9, No. 06, June, 2023

5. Declarations
5.1. Author Contributions

Conceptualization, E.P., and S.E.; methodology, S.E., V.Y., and V.D.; formal analysis, S.E.; resources, V.Y., V.D.,
and P.M.; data curation, E.P., and S.E.; writing—original draft preparation, E.P., and S.E.; writing—review and editing,
E.P., S.E., V.Y, V.D., and P.M. All authors have read and agreed to the published version of the manuscript.

5.2. Data Availability Statement

The data presented in this study are available in the article.

5.3. Funding

The authors received no financial support for the research, authorship, and/or publication of this article.

5.4. Conflicts of Interest

The authors declare no conflict of interest.

6. References

[1] Kryvenko, P. V., Petropavlovsky, O., & Vozniuk, G. (2018). Alkaline aluminosilicate binder for gluing wood board materials.
Key Engineering Materials, 761, 11-14. doi:10.4028/www.scientific.net/KEM.761.11.

[2] Rowell, R. M., & Rowell, R. M. (2005). Handbook of Wood Chemistry and Wood Composites (1% Ed.), Boca Raton, United
States. doi:10.1201/9780203492437.

[3] Wang, L., Chen, S. S., Tsang, D. C., Poon, C. S., & Shih, K. (2016). Value-added recycling of construction waste wood into noise
and thermal insulating cement-bonded particleboards. Construction and Building materials, 125, 316-325.
doi:10.1016/j.conbuildmat.2016.08.053.

[4] Rubinskaya, A., & Batalova, O. (2015). Possibility of processing of solid industrial wastes in production of fibre boards. Actual
Directions of Scientific Researches of the XXI Century: Theory and Practice, 3(2), 427-429. d0i:10.12737/10194.

[5] Boquillon, N., Elbez, G. R., & SchOnfeld, U. (2004). Properties of wheat straw particleboards bonded with different types of
resin. Journal of Wood Science, 50, 230-235. doi:10.1007/s10086-003-0551-9.

[6] Antonov, A.V., Petrusheva, N.A., Alashkevich, Ju.D., & Reshetova, N.S. (2016). Search for optimal technological modes in the
production of hard-to-ignite fiberboard. Chemistry of Plant Raw Materials, Vol. (4), 151-157.

[7] Za’im, N. N. M., Yusop, H. M., & Ismail, W. N. W. (2021). Synthesis of Water-Repellent Coating for Polyester Fabric. Emerging
Science Journal, 5(5), 747-754. doi:10.28991/esj-2021-013009.

[8] Vakhnina, T. N., Fedotov, A. A., Susoeva, I. V., & Rumyantseva, V. E. (2022). Plywood and Thermal Insulation Boards Based
on the Modified Phenol Formaldehyde Binder. Lesnoy Zhurnal (Forestry Journal), 1(1), 155-165. doi:10.37482/0536-1036-2022-
1-155-165. (In Russian).

[9] Leonovich, A.A., & Sheloumov, A.V. (2014). Production of fire-proof fiberboard using phosphoramide FCM. Russian Forestry
Journal, Vol. (2), 101-108.

[10] Chistova, N. G., Jakimov, V.A., Alashkevich, Ju.D. (2016). Improvement of the process of obtaining fiberboard by dry method.
Chemistry of Plant Raw Materials, Vol. (3), 119-124.

[11] Suchsland, O. (1987). Fiberboard manufacturing practices in the United States (No. 640). US Department of Agriculture, Forest
Service, Washington, United States.

[12] Ramesh, P., Mohit, H., & Arul Mozhi Selvan, V. (2021). Environmental Impact of Wood Based Biocomposite Using Life Cycle
Assessment Methodology. Wood Polymer Composites, 255-268, 255-268. doi:10.1007/978-981-16-1606-8_13.

[13] Hrazsky, J., & Krél, P. (2007). A contribution to the properties of combined plywood materials. Journal of Forest Science,
53(10), 483-490. d0i:10.17221/2087-jfs.

[14] Demir, A., Demirkir, C., & Aydin, I. (2019). The Effect of Some Technological Properties of Plywood Panels on Seismic
Resistant Performance of Wooden Shear Wall. Sigma Journal of Engineering and Natural Sciences, 10(1), 37-45.

[15] Akgil, M., & Camlibel, O. (2008). Manufacture of medium density fiberboard (MDF) panels from rhododendron (R. Ponticum
L.) biomass. Building and Environment, 43(4), 438—443. doi:10.1016/j.buildenv.2007.01.003.

[16] Jorda, J., Kain, G., Barbu, M. C., Haupt, M., & Krist’ak, L. (2020). Investigation of 3d-moldability of flax fiber reinforced beech
plywood. Polymers, 12(12), 1-11. doi:10.3390/polym12122852.

1507


https://doi.org/10.4028/www.scientific.net/KEM.761.11

Civil Engineering Journal Vol. 9, No. 06, June, 2023

[17] Ashori, A., Nourbakhsh, A., & Karegarfard, A. (2009). Properties of medium density fiberboard based on bagasse fibers. Journal
of Composite Materials, 43(18), 1927-1934. doi:10.1177/0021998309341099.

[18] Ye, X. P., Julson, J., Kuo, M., Womac, A., & Myers, D. (2007). Properties of medium density fiberboards made from renewable
biomass. Bioresource Technology, 98(5), 1077-1084. doi:10.1016/j.biortech.2006.04.022.

[19] Trisatya, D. R., Satiti, E. R., Indrawan, D. A., & Tampubolon, R. M. (2020). Durability of fiber boards made of Jabon and
Andong bamboo with additional activated carbon additives against dry wood termites and subterranean termites. IOP Conference
Series: Earth and Environmental Science, 415(1), 012004. doi:10.1088/1755-1315/415/1/012004.

[20] Mamontov, S.A., & Mamontov, A.A. (2020). Assessment of the resistance of fiberboard to aging. Young scientists —
development of the National Technological Initiative (SEARCH-2020), Vol. 1, 416-419.

[21] Lohmus, R., Kallakas, H., Tuhkanen, E., Gulik, V., Kiisk, M., Saal, K., & Kalamees, T. (2021). The effect of prestressing and
temperature on tensile strength of basalt fiber-reinforced plywood. Materials, 14(16). doi:10.3390/ma14164701.

[22] Jorda, J., Kain, G., Barbu, M. C., Kéll, B., Petutschnigg, A., & Krdl, P. (2022). Mechanical Properties of Cellulose and Flax
Fiber Unidirectional Reinforced Plywood. Polymers, 14(4). doi:10.3390/polym14040843.

[23] Lerma, C., Mas, A, Gil, E., Vercher, J., & Torner, M. E. (2018). Quantitative analysis procedure for building materials in historic
buildings by applying infrared thermography. Russian Journal of Nondestructive Testing, 54, 601-609.
doi:10.1134/S1061830918080065.

[24] Zhurkov, S. N., Kuksenko, V. S., & Petrov, V. A. (1984). Principles of the kinetic approach of fracture prediction. Theoretical
and Applied Fracture Mechanics, 1(3), 271-274. doi:10.1016/0167-8442(84)90007-7.

[25] Zhurkov, S. N. (1984). Kinetic concept of the strength of solids. International Journal of Fracture, 26(4), 295-307.
doi:10.1007/BF00962961.

[26] Ratner, S. B., & Lur’e, E. G. (1966). Thermoactivation theory of wear in plastics. Polymer Mechanics, 2(6), 558-562.
doi:10.1007/BF00859978.

1508





