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Abstract 
Introduction. Briquetting and pressing of wood and other powdered materials are becoming key processes in the 
circular economy and recycling of wood processing waste. Accurate calculation of compaction pressure is essential for 
equipment selection and optimization, making the task of modeling the deformation of conglomerates both practical and 
economically significant. The literature addresses the mechanics of powder media, porous materials, and the modeling 
of elastic-plastic deformations of granular conglomerates. However, most models assume fixed mechanical 
characteristics or approximations that do not account for the dependence of strength and elastic properties on changing 
density under compression. This leaves a gap in theoretical and applied approaches to adequately calculating pressure 
for materials with variable density. Therefore, the objective of this work is to develop an approach for calculating the 
compaction pressure of a particle conglomerate as a function of the degree of elastic compression, taking into account 
changes in the mechanical characteristics of the medium. 
Materials and Methods. In the mathematical description of the research problem, the provisions of the theory of 
elasticity were used. Based on the principle of superposition, the process of medium deformation was divided into a 
number of stages, within which the particle conglomerate received a small increment in height, and the mechanical 
characteristics assumed a constant value. The proposed approach for determining the compaction pressure was based on 
the solution to a series of inverse elastic problems in which the displacement of the upper boundary of a conglomerate 
of rectangular particles was specified, and the normal stress that caused this increment was sought. To account for 
changes in the density of the medium during deformation, the method of sequential loads was used, within each of 
them, the density was taken to be constant and was determined depending on the magnitude of the total compressive 
deformation. The Hencky strain, which has the property of additivity, was used as a measure of deformation.  
Results. As part of the study, an iterative model was constructed for calculating the compaction pressure of a particle 
conglomerate when the mechanical characteristics change depending on the degree of elastic compression. Series of test 
calculations were conducted using a conglomerate of wood particles, whose Young's modulus is described by a power-law 
density function. At each stage of deformation, the elastic constants of the material were assumed to be constant, depending on 
the density of the medium. Using the equilibrium equation and the superposition principle, based on the results of solving elastic 
deformation problems, the compaction pressure was calculated at each loading stage, and the dependence of the compaction 
pressure on the magnitude of the compressive deformation and the degree of compaction was constructed.  
Discussion. The obtained results of deformation of the medium taking into account the change in mechanical 
characteristics depending on the degree of compression showed a clearly expressed nonlinearity of the curve of 
dependence of the compaction pressure on the compression deformation — with an increase in pressure, both the 
degree of compaction of the medium and the compression deformation increase. A comparative analysis of calculations 
using the example of a conglomerate of wood particles under the condition of a constant density of the medium and 
taking into account the change in density during the deformation process revealed a significant error in estimating the 
compaction pressure when averaging the density or when using constant density values corresponding to the initial 
(undeformed) or final state. 
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Conclusion. The constructed iterative model allows for calculating the compaction pressure of a particle conglomerate, 
taking into account changes in mechanical properties under elastic compression. The proposed approach accounts for 
the nonlinearity of the compaction pressure dependence on the degree of compaction of the medium and can be applied 
to briquetting processes for wood waste. 
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Аннотация 
Введение. Процессы брикетирования и прессования древесных и других порошкообразных материалов стано-
вятся ключевыми в круговой экономике и утилизации отходов деревообработки. Точный расчет давления прес-
сования необходим для выбора оборудования и оптимизации режимов, что делает задачу моделирования де-
формирования конгломератов практически и экономически значимой. В литературе рассматриваются механика 
порошковых сред, пористых материалов и моделирование упругопластических деформаций гранулярных кон-
гломератов; однако большинство моделей предполагает фиксированные механические характеристики или ап-
проксимации, не учитывающие зависимость прочности и упругих свойств от изменяющейся плотности при 
сжатии. Это оставляет пробел в теоретических и прикладных подходах к адекватному расчету давления для 
материалов с переменной плотностью. Поэтому целью данной работы является разработка подхода для расчета 
давления прессования конгломерата частиц как функцию степени упругого сжатия с учетом изменения механи-
ческих характеристик среды.  
Материалы и методы. При математическом описании исследуемой задачи использовались положения теории 
упругости. На основании принципа суперпозиции процесс деформирования среды разбивался на несколько 
этапов, в каждом из которых среда получала малое приращение по высоте, а механические характеристики 
оставались постоянными. Предложенный метод определения давления прессования опирался на решение серии 
обратных упругих задач, в которых задавалось перемещение верхней границы конгломерата прямоугольных 
частиц и искалось нормальное напряжение, вызвавшее это приращение. Для учёта изменения плотности среды 
в процессе деформирования применялся метод последовательных нагружений — в пределах каждого из них 
плотность принималась постоянной и определялась в зависимости от величины суммарной деформации сжатия. 
В качестве меры деформации использовалась деформация Генки, обладающая свойством аддитивности. 
Результаты исследования. В рамках исследования построена итерационная модель расчёта давления прессо-
вания конгломерата частиц при изменении механических характеристик в зависимости от степени упругого 
сжатия. Проведены серии тестовых расчётов на примере конгломерата древесных частиц, у которых модуль 
Юнга описывается степенной функцией плотности. На каждом этапе деформирования упругие константы мате-
риала принимались постоянными в зависимости от плотности среды. С использованием уравнения равновесия 
и принципа суперпозиции по результатам решения задач упругого деформирования было вычислено давление 
прессования на каждом этапе нагружения, а также построена зависимость давления прессования от величины 
деформации сжатия и степени уплотнения. 
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Обсуждение. Полученные результаты деформирования среды с учётом изменения механических характеристик 
в зависимости от степени сжатия показали явно выраженную нелинейность кривой зависимости давления прес-
сования от деформации сжатия — при возрастании давления увеличиваются как степень уплотнения среды, так 
и деформация сжатия. Сравнительный анализ расчётов на примере конгломерата древесных частиц при усло-
вии постоянной плотности среды и с учётом изменения плотности в процессе деформирования выявил значи-
тельную погрешность оценки давления прессования при усреднении плотности либо при использовании посто-
янных значений плотности, соответствующих начальному (недеформированному) или конечному состоянию. 
Заключение. Построенная итерационная модель позволяет рассчитать давление прессования конгломерата ча-
стиц с учётом изменения механических характеристик при упругом сжатии. Предложенный подход учитывает 
нелинейность зависимости давления прессования от степени уплотнения среды и может быть применён в про-
цессах брикетирования отходов деревообработки. 

Ключевые слова: прессование, сжимаемость, плотность, конгломерат частиц, последовательное нагружение, 
напряженно-деформированное состояние 
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Introduction. Materials with density-dependent mechanical properties are found in various industrial applications. 
These include granular media, wood particle aggregates, composite materials, and others. The behavior of such materials 
can differ significantly from the classic case, where properties remain constant and are independent of density. Some issues 
related to assessing the strength and stiffness of granular media are discussed in [1], and for sand molds — in [2]. 

Currently, briquetting processes of wood particle conglomerates are widely used in the woodworking waste [3]. 
Therefore, it is important to describe the behavior of particles during the compacting process. The issues of assessing 
the compaction pressure were discussed in [4]; mechanical and thermal analysis of the characteristics of pressed blocks 
with wood inclusions — in [5]; assessment of the strength of wood conglomerate — in [6]. Wood sawdust is widely 
used in the production of building materials, processing into fuel, and briquetting. The pressing process is affected by 
various factors [7]: for example, storage humidity is described in [8], and the effect of temperature is specified in [9]. In 
addition, wood particles are used in composite materials, in particular in the production of biocomposites [10], 
polymeric materials [11], and multilayer composites [12]. 

One of the key tasks in particle deformation modeling is the selection of pressing equipment. Paper [13] is devoted 
to the selection of pressing machines for producing solid biofuel through granulating, briquetting, and mechanically 
processing biomass. When applying the conglomerate pressing procedure, it is important to model the stress-strain state 
during the compression process, taking into account the compaction of the medium. A change in density entails a 
change in the mechanical properties of the medium, which affects the accuracy of calculating the required deforming 
force and the selection of equipment. The development of more accurate methods for calculating compaction pressure, 
taking into account the compressibility of the medium, is important for creating new, efficient technologies and 
improving existing ones. Some aspects of the mathematical description of an elastic-plastic problem under compression 
for the case of constant mechanical properties are discussed in [14]. 

An analysis of the current state of the art shows that not all software packages are capable of accounting for changes 
in density and mechanical properties under deformation. Most CAE systems perform engineering calculations with 
given constant values of physical and mechanical properties. Therefore, the development of effective models and 
methods for assessing the stress-strain state of media under pressing, taking into account compressibility and changes in 
characteristics, is a challenge. 

The objective of this study is to develop an approach for calculating the compaction pressure required to compress a 
particle conglomerate to a given geometry, taking into account the effect of the compaction degree on the mechanical 
properties of the medium. In accordance with this objective, the following tasks are set: 

− to conduct a mathematical formulation of the elastic compression problem for a particle conglomerate, taking into 
account the compressibility of the medium; 

− to build an iterative model for calculating the stress-strain state of the medium based on solving a series of inverse 
problems using sequential loading; 
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− to perform test calculations of the stress-strain state of a particle conglomerate and plot the dependence of 
compaction pressure on the compressive strain of the medium; 

− to estimate the error in calculating compaction pressure when ignoring changes in the density of the medium 
during deformation. 

Research Methods. We construct a calculation method for the process of deformation of a particle conglomerate 
taking into account the compressibility of the medium under the following assumptions: 

− since the study examines the compression of the medium, the condition of continuity is assumed, meaning the 
particle conglomerate uniformly fills the volume under consideration; 

− the mass of the medium remains constant throughout the entire pressing process; 
− the compression process of the medium is considered within the limits of elastic deformation; 
− the principle of superposition is observed — independently accumulated deformations at each loading stage; 
− pressing is performed in an absolutely rigid matrix using an absolutely rigid friction-free punch; the layers move 

uniformly along the height, eliminating shear; 
− the viscosity of the medium is neglected, and the pressing temperature remains constant; 
− the variable mechanical characteristics dependent on the density of the medium are Young's modulus and 

Poisson's ratio; 
− the density of the medium is a function of the compressive strain. 
The geometric model of a particle conglomerate (Fig. 1) has the shape of a parallelepiped with height h and a 

constant square base with area S. Due to the rectangular shape of the particle conglomerate, the model is considered in a 
Cartesian coordinate system, where axis 0x3 is directed along the height of the parallelepiped, and axes 0x1 and 0x2 lie in 
the plane of the parallelepiped base.  

 
Fig. 1. Scheme of deformation of a particle conglomerate  

Since the axial compressive strain increases in absolute value during compacting under pressure p, the density of the 
medium and, consequently, its elastic constants change. Accordingly, Young's modulus E and Poisson's ratio μ are 
functions of density ρ: E = E(ρ), μ = μ(ρ). We use the Hencky strain as a measure of deformation. 

We divide the entire process of medium deformation into a series of loading stages, within each of which a 
kinematic condition in the form of a small increment of the upper boundary of the medium Δh = Δh* in height is 
specified. At each loading stage, we assume that the density of the medium remains constant and the mechanical 
properties — Young's modulus and Poisson's ratio — do not change. At subsequent loading stages, the density of the 
medium and the mechanical properties also remain constant within each stage, but change depending on the magnitude 
of the total deformation over all previous loading stages.  

We consider the solution to the inverse problem, taking the pressure increment at each loading stage Δp as the 
unknown value. Then, the mathematical formulation of the research problem in accordance with the accepted 
assumptions will include the following system of equations: 

− static equations: 
 11 1 22 2 33 30 0 0/ x ,  / x ,  / x ,∂∆σ ∂ = ∂∆σ ∂ = ∂∆σ ∂ =  (1) 
− physical equations: 

 
( )

( )
( ) ( )11 11 22 33

μ ρ1 σ σ σ
ρ ρ

e ,
E E

∆ = ∆ − ∆ + ∆  (2) 

p

Ω3+

Ω3–

Ω1

Ω2
x3 x2

x1

0
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( )
( ) ( )22 22 33 11

μ ρ1 σ σ σ
ρ ρ

e ,
E E

∆ = ∆ − ∆ + ∆  (3) 

 
( )

( )
( ) ( )33 33 11 22

μ ρ1 σ σ σ
ρ ρ

e , 
E E

∆ = ∆ − ∆ + ∆  (4) 

− geometric relationships: 
 ( )11 22 330 1e e ,  e ln h / h ,∆ = ∆ = ∆ = + ∆  (5) 

− boundary conditions: 
 

1 2 1 2
1 2Ω Ω Ω Ω 0, ,u u ,= =   

 
3 3 3

1 2 3Ω Ω Ω 0u u u ,   
− − −
= = =   

 
3

3 Ω Δu h,
+
= −   

 
3

33 Ωσ p.
+

∆ = −∆  (6) 

where Δσ11, Δσ22, Δσ33 — stress increments; Δe11, Δe22, Δe33 — increment of elastic deformations;  
ui,i = 1,3���� — displacement components. 

Based on differential equations (1) and condition (6), we arrive at the relations: Δσ11 = const; Δσ22 = const; 
Δσ33 = –Δp. 

Considering that there are no displacements in the plane 0x1x2, according to relations (3), (5), the system of 
equations (2), (3) can be written as: 

 
( )
( )11 22

μ ρ
σ σ

1 μ ρ
p. ∆ = ∆ = − ∆

−
 (7) 

Substituting relations (5) and (7) into equation (4), we express the pressure increment in the following form: 

 
( ) ( )( )
( )( ) ( )( )
ρ 1 μ ρ

1
1 μ ρ 1 2μ ρ

E hp ln .
h

− ∆ ∆ = − + + −  
  

Thus, when constructing the calculation algorithm, we specify a discrete change in the height of the conglomerate 
depending on the loading stage: 

 ( ) ( ) ( ){ }0
0 0 end1j nh h h , ,h h j h, j ,n, h h ,= = … = − ∆ = … =   

where h0 — initial height corresponding to the undeformed state of the conglomerate; hend — final height of the 
conglomerate after all stages of loading; j — loading stage. 

Since the change in the height of the conglomerate is known, it is possible to determine the increment of 
deformation in height within each loading stage: 

 ( )
( )

( )33 1
1

j
j

j

he ln ,  j ,n.
h −

 
∆ = =  

 
  

The total deformation at the current stage of loading is determined according to the superposition principle: 

 ( ) ( )
33 33

1

j
j i

i

.e e
=

= ∆∑   

It should be noted that the selection of the Hencky strain as a measure of deformation is due to its additivity, unlike 
relative strain, which allows for the summation of deformations at individual loading stages. Moreover, the Hencky 
strain allows for calculations at large deformations.  

Considering that the mass of the conglomerate and the base area remain constant: m = const, S = const, we proceed 
to the continuity condition in the form: ρ0h0 = ρh, from which the density of the medium is determined depending on the 
magnitude of the compressive strain ∆e33

(j) at a given loading stage according to the relationship: 

 ( ) ( ) ( )1
33ρ ρ jj j / exp e .−= ∆   

Knowing the density of the medium at the current stage of loading, Young's modulus and Poisson's ratio at each 
stage of loading are determined in accordance with the degree of compaction by a certain function:  

 ( ) ( ) ( )
( ) ( ) ( )ρ ρ ρ ρ

ρ μ μ ρj j
j jE E , .

= =
= =   

https://vestnik-donstu.ru/


Andrianov IK, et al. Iterative Model of Elastic Deformation of a Particle Conglomerate Taking into Account … 
 

 

M
ec

ha
ni

cs
 

295 

Then the increase in compaction pressure is determined as: 

 ( )
( )( ) ( )( )( )
( )( )( ) ( )( )( )

( )

( )1

ρ 1 μ ρ

1 μ ρ 1 2μ ρ

j j j
j

jj j

E hp ln .
h −

−  
∆ = −   + −  

  

According to the principle of superposition, the components of the stress tensor at the current stage of loading are 
determined as: 

 ( ) ( ) ( ) ( ) ( ) ( )
11 11 22 22 33 33

1 1 1

σ σ σ σ σ σ
j j j

j i j i j i

i i i

,  , ,
= = =

= ∆ = ∆ = ∆∑ ∑ ∑   

where the voltage increments at each stage are determined by the dependences: 

 ( ) ( )
( )( ) ( )( )

( )( )( ) ( )( )( )
( )

( )
( ) ( )

11 22 331

ρ μ ρ
σ σ σ

1 μ ρ 1 2μ ρ

j j j
j j j j

jj j

E hln ,   p .
h −

 
∆ = ∆ = − ∆ = ∆  + −  

  

Thus, the process of compacting a particle conglomerate is represented by a series of loading stages, within each of 
which the medium density and elastic constants are assumed constant. At each stage, an inverse elastic problem of 
medium compression is solved. The input data for this problem are the density, Young's modulus, and Poisson's ratio, 
whose values are determined by the total compressive strain accumulated during the previous and current loading 
stages. This results in a sequence of inverse problems based on data on the change in the height of the particle 
conglomerate, which is used to calculate the change in compaction pressure depending on the degree of compaction of 
the medium. 

Research Results. Based on the developed approach, a series of calculations are performed for the deformation of a 
particle conglomerate using sawdust as an example. Young's modulus (MPa) is described by the density function 
(g/cm3): E(ρ) = aρb, a = 6500, b = 3.5 [15]. The selection of a power-law dependence is due to the fact that it describes 
the behavior of a conglomerate of wood particles quite well, according to [15]. Poisson's ratio μ = 0.32 takes a constant 
value, since it is less sensitive to changes in the density of the conglomerate, as noted in [16]. Moreover, according to 
experimental studies [17, 18], the greatest change in Poisson's ratio occurs at low values of compression, and at pressure 
values above 20 MPa, Poisson's ratio asymptotically approaches a constant value. The initial density of the 
conglomerate of wood particles in the undeformed state is taken to be: ρ0 = 0.2 g/cm3. Ten loading stages were selected 
for the test calculation. At each stage, the upper boundary of the conglomerate was displaced by value Δh = 10 mm, 
resulting in a discrete change in the height of the conglomerate: h = {200, 190, …, 110} mm. At the final loading stage, 
at h = 110 mm, the maximum compaction pressure was 112 MPa, and the density of the medium — 0.4 g/cm3. 

Based on the results of the calculations, the dependence of compaction pressure on changes in compression 
strains (Fig. 2) and on changes in the density of the conglomerate of wood particles (Fig. 3) was plotted. For the 
comparative analysis, a series of calculations were also performed at a constant density and a constant Younge’s 
modulus for two extreme cases: with ρ = ρ0 = const and with ρ = ρend = ρ|h = 100 mm = const, that is, when the density of 
the medium corresponds to the initial undeformed state and the final deformed state at the last stage of loading; and also 
for the case of averaging the density of the medium: with ρ = (ρ0 + ρend) / 2 = const. The results of calculations at 
constant values of density and elastic constants are presented in Figure 2. 

  
Fig. 2. Dependence of compaction pressure 

on compressive strain: 
1 — at ρ = ρ(e); 2 — at ρ = ρ0; 

3 — at ρ = ρend; 4 — at ρ = (ρ0 + ρend) / 2 

Fig. 3. Dependence of compaction pressure 
on the density of the medium 
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According to the results of solving the inverse problem of elastic compression, for the first stage of loading with a 
given displacement of the upper boundary of the medium h(1) = 10 mm, the increments of deformations, stresses and the 
required pressure were: ∆e33

(1) = –0.051, ∆σ33
(1) = ∆p(1) = 2.041 MPa. To assess the adequacy of the constructed model, a 

finite element calculation of the direct loading problem was performed in the ANSYS software package at a given 
external pressure Δp(1) = 2.041. Since the software package requires the specification of constant characteristics of the 
medium, the finite element calculation was performed only for the first stage of loading [19]. The calculation results of 
the stress-strain state under elastic compression of the medium for the first stage of loading are presented in Figure 4. 

  
a) b) 

 
c) 

Fig. 4. Results of finite element calculation of the direct problem for the first stage of elastic compression:  
a — stress distribution ∆σ33

(1) MPa; b — strain distribution ∆e33
(1);  

c — displacement distribution u3
(1) (mm) 

Discussion of Results. According to the calculation results (Fig. 2 and 3), as the magnitude of the compressive 
strain increases, the required compaction pressure and the degree of compaction of the particle conglomerate rise. The 
dependence of the compaction pressure on the degree of compaction is clearly nonlinear. The dependence of the 
compaction pressure on the longitudinal compressive strain (Fig. 2, curve 1) is also described by a nonlinear function, 
whose behavior is quite adequately approximated by a third-order polynomial function. Figure 2 shows that, at a 
constant density of the wood particle conglomerate, the curves for the dependence of the compaction pressure on the 
magnitude of the compressive strain exhibit a weakly nonlinear character. Accordingly, at a fixed density of the 
medium, the curves for the change in compaction pressure can be approximated by linear functions. 
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According to the comparative analysis, the simplification of using the density value as a constant characteristic in 
cases where the density of the medium changes drastically during deformation can cause significant errors. In 
particular, when using a constant particle conglomerate density ρ = ρ0, corresponding to the initial state, the error in 
calculating the compaction pressure increases to 80%, with the greatest error being attained at the maximum 
compaction pressure. For a constant density value ρ = ρend, corresponding to the final state of the medium, the 
calculation results at some loading stages differ by more than 9.4 times, and for an average density value 
ρ = (ρ0 + ρend) / 2 — by more than 3.4 times.  

According to the data in Figure 4, the results obtained by the finite element method in solving the direct problem of 
the first loading stage are consistent with the results obtained in solving the inverse problem, according to the approach 
proposed in this study. The results presented in Figure 4 clearly demonstrate that the normal stresses and strains along 
the height are practically the same at each point of the body, which confirms the uniformity of their distribution along 
the height of the conglomerate under the action of uniform pressure at the upper boundary. It should be noted that in 
Figure 4 a, b there is a gradient of stresses and strains along the longitudinal axis, which is most likely a consequence of 
singularity (specifically in the areas highlighted in red) — one of the shortcomings of the finite element method, when 
there is an incorrect distribution of stresses and strains in the area of corners, with rigid fastenings, etc.  

Conclusion. Based on the research results, an iterative model was developed for calculating the compaction 
pressure of a particle conglomerate whose mechanical characteristics depend on the degree of compaction under elastic 
compression. By performing iterative calculations, increasing the number of loading stages and decreasing the 
incremental step of the upper boundary of the conglomerate, a discrete dependence of the compaction pressure on the 
degree of medium compression can be constructed, which can then be approximated by a smooth curve. A series of 
calculations using the example of an elastic problem of pressing a wood particle conglomerate, taking into account 
changes in Young's modulus and the density of the medium, has revealed a nonlinear relationship between the 
compaction pressure and the degree of compaction of the medium and the compressive strain during compression. 
According to the constructed graphical dependences, the consideration of the compressibility of the particle 
conglomerate affects significantly the nonlinearity of the change in pressing pressure as a function of the density of the 
medium during deformation. The comparative analysis has shown that the calculation of the stress-strain state of media, 
whose density changes significantly during compaction and affects their mechanical properties, cannot be performed at 
constant density values due to significant errors. This allows us to conclude that the compressibility of the medium, 
associated with changes in the density of the particle conglomerate during compression, affects significantly the 
estimation of the compaction pressure. The constructed iterative model will provide a practical estimation of the 
maximum compaction pressure required to ensure elastic compression of the particle conglomerate to a given geometry, 
taking into account the dependence of mechanical properties on the density of the medium. The proposed approach can 
find practical application in selecting equipment for briquetting wood particles for recycling wood waste. Further 
research focuses on developing mathematical models for calculating the stress-strain state and compaction pressure 
during the deformation of particle conglomerates using complex-geometry molds. 

References 
1. Nazarenko VA, Pushkarev OI, Goncharova AV. Monitoring the Quality of Grinding Materials on the Basis of Their 

Granular Strength. Russian Engineering Research. 2009;29(10):1056–1058. https://doi.org/10.3103/S1068798X09100219 
2. Mambetaliev TS. One-Dimensional Model of the Process of Pulsed Compaction of Sand Forms. Izvestiya VUZov 

Kyrgyzstana. 2015;(7):20–23. (In Russ.) 
3. Mikheevskaya MA, Burmistrova DD, Storodubtseva TN. Theoretical Study of Wood Waste Briquetting Taking 

into Account Nonlinear Strengthening of the Raw Materials. Proceedings of the St. Petersburg Forestry Academy. 
2022;(240):175–185. https://doi.org/10.21266/2079-4304.2022.240.175-185 

4. Chibirev OV, Kunitskaya OA, Grigoriev MF. Calculation of Needed Pressure for Sawdust Pressing during 
Briquetting. Repair, Reconditioning, Modernization. 2019;(2):22–25. https://doi.org/10.31044/1684-2561-2019-0-2-22-25 

5. Bouzouidja R, Tingting Vogt Wu, Sbartai M. Mechanical and Thermal Analysis of Performance of Compressed 
Earth Blocks with Sawdust Material Stabilized with Cement. In book: Amziane S, Merta I, Page J (eds). Bio-Based 
Building Materials. Cham: Springer; 2023. P. 324–332. https://doi.org/10.1007/978-3-031-33465-8_26    

6. Rudenko BD, Kulak VV. Description of the Strength of a Cement-Wood Conglomerate Made of Cavitated Wood 
Particles. Trends in the Development of Science and Education. 2019;57(1):30–33. (In Russ.) https://doi.org/ 
10.18411/lj-12-2019-08  

7. Bereziuk O, Petrov O, Vishtak I. The Impact of the Parameters of the Briquetting Process Using a Hydraulic 
Press on the Density Briquettes of Plant Waste. In book: Campilho RD, Ivanov V, Pinto GF, Baptista A, Silva FJG 
(eds). Advances in Design, Simulation and Manufacturing VIII. Lecture Notes in Mechanical Engineering. Cham: 
Springer; 2025. P. 83–97. https://doi.org/10.1007/978-3-031-95218-0_8  

https://doi.org/10.3103/S1068798X09100219
https://doi.org/10.21266/2079-4304.2022.240.175-185
https://doi.org/10.31044/1684-2561-2019-0-2-22-25
https://doi.org/10.1007/978-3-031-33465-8_26
https://doi.org/10.18411/lj-12-2019-08
https://doi.org/10.18411/lj-12-2019-08
https://doi.org/10.1007/978-3-031-95218-0_8


Advanced Engineering Research (Rostov-on-Don). 2025;25(4):290–299. eISSN 2687−1653 
 

 

ht
tp

s:
//v

es
tn

ik
-d

on
st

u.
ru

  
 

298 

8. Shengnan Zhao, Lujia Han, Bing Gao, Pengfei Wu and Xian Liu. Effects of Wet Storage on Compression 
Molding of Sawdust and Mechanism Analysis. IOP Conference Series: Earth and Environmental Science. 
2019;227(2):022024. https://doi.org/10.1088/1755-1315/227/2/022024 

9. Halimatuddahliana Nasution, Hamidah Harahap, Retno Riani, AI Pelawi. Effect of Pressing Temperature on the 
Mechanical Properties of Waste Styrofoam Filled Sawdust Composite. IOP Conference Series: Materials Science and 
Engineering. 2018;309(1):012034. https://doi.org/10.1088/1757-899X/309/1/012034   

10. Rahmani H, Algirdas A, Shestavetska A, Vaiciukyniene D. Preparation and Mechanical Characterization of Pressed 
Carbonized Wood Sawdust Bio-Composite. Scientific Reports. 2025;15:14981. https://doi.org/10.1038/s41598-025-98658-w  

11. Camilo Oliveros-Gaviria, Edwin Cumbalaza, Jose Herminsul Mina-Hernandez, Mayra Eliana Valencia-Zapata, 
Juan Nicolas Suarez-Bonilla, Nicolas Martinez-Mera. Wood Plastic Composite Based on Recycled High-Density 
Polyethylene and Wood Waste (Sawdust). Polymers. 2024;16(22):3136. https://doi.org/10.3390/polym16223136 

12. Adole AM, Anum I, Jamaludin MY, Suhaimi AR. Mechanical Characterization of Green Sandwich Composites from 
Kenaf Fiber Skins and Sawdust Core. Discover Civil Engineering. 2025;2:76. https://doi.org/10.1007/s44290-025-00241-9 

13. Križan P. Construction and Types of Pressing Machines. In book: Biomass Compaction. Cham: Springer; 2022. 
P. 5–19. https://doi.org/10.1007/978-3-030-89956-1_2 

14. Manakhov PV, Fedoseev OB. Elastoplastic Compression of a Rectangular Body: An Alternative Approach. 
Russian Engineering Research. 2009;29(1):20–23. https://doi.org/10.3103/S1068798X09010067  

15. Vlasov YuN. Theoretical Study of the Effect of Pressing Time and Moulding Speed on Density of Sawdust 
Briquettes. Proceedings of the St. Petersburg Forestry Academy. 2019;(227):188–198. https://doi.org/10.21266/2079-
4304.2019.227.188-198  

16. Chibirev OV, Vlasov YuN, Kucher SV, Kunitskaya OA. Evaluation of Elastic Properties of Wood Particles 
Conglomerate. Systems. Methods. Technologies. 2017;(1(33)):140–146. https://doi.org/10.18324/2077-5415-2017-1-140-146 

17. Myuller OD, V.I. Melekhov VI, Lyubov VK, Malygin VI. The Effect of Compacting Pressure on the Side 
Pressure Coefficient of Wood Pellets. Russian Forestry Journal. 2013;(3):97–102. URL: https://lesnoizhurnal.ru/ 
issuesarchive/?ELEMENT_ID=56317&ysclid=mh4hl9lx33532851616 (accessed: 10.09.2025). 

18. Feoktistov SI, Andrianov IK. Construction of Forming Limit Diagram for Sheet Blanks from Aviation Aluminum Alloys. 
Advanced Engineering Research (Rostov-on-Don). 2023;23(1):7–16. https://doi.org/10.23947/2687-1653-2023-23-1-7-16 

19. Shlyakhin DA, Savinova EV. Coupled Axisymmetric Thermoelectroelasticity Problem for a Round Rigidly Fixed Plate. 
Advanced Engineering Research (Rostov-on-Don). 2024;24(1):23–35. https://doi.org/10.23947/2687-1653-2024-24-1-23-35  

About the Authors: 
Ivan K. Andrianov, Cand.Sci. (Eng.), Associate Professor of the Department of Aircraft Engineering and Computer-

Aided Design, Komsomolsk-na-Amure State University (27, Lenin Prospect, Komsomolsk-on-Amur, 681013, Russian 
Federation), SPIN-code, ORCID, ScopusID, ResearcherID, ivan_andrianov_90@mail.ru  

Sergey N. Ivanov, Dr.Sci. (Eng.), Associate Professor, Professor of the Electrical Engineering Department, 
Komsomolsk-na-Amure State University (27, Lenin Prospect, Komsomolsk-on-Amur, 681013, Russian Federation), 
SPIN-code, ORCID, ScopusID, ResearcherID, snivanov57@mail.ru 

Elena K. Chepurnova, research laboratory assistant of the Department of Aircraft Engineering and Computer-Aided 
Design, Komsomolsk-na-Amure State University (27, Lenin Prospect, Komsomolsk-on-Amur, 681013, Russian 
Federation), SPIN-code, ORCID, ScopusID, ResearcherID, el.chep@bk.ru 

Claimed Contributorship: 
IK Andrianov: investigation, software.  
SN Ivanov: conceptualization, writing – review & editing. 
EK Chepurnova: investigation. 

Conflict of Interest Statement: the authors declare no conflict of interest. 

All authors have read and approved the final version of manuscript. 

Об авторах: 
Иван Константинович Андрианов, кандидат технических наук, доцент кафедры «Авиастроение и 

компьютерное проектирование» Комсомольского-на-Амуре государственного университета, (681013, 
Российская Федерация, г. Комсомольск-на-Амуре, пр. Ленина, 27), SPIN-код, ORCID, ScopusID, ResearcherID, 
ivan_andrianov_90@mail.ru  

https://vestnik-donstu.ru/
https://doi.org/10.1088/1755-1315/227/2/022024
https://doi.org/10.1088/1757-899X/309/1/012034?urlappend=%3Futm_source%3Dresearchgate
https://doi.org/10.1038/s41598-025-98658-w
https://doi.org/10.3390/polym16223136
https://doi.org/10.1007/s44290-025-00241-9
https://doi.org/10.1007/978-3-030-89956-1_2
https://doi.org/10.3103/S1068798X09010067
https://doi.org/10.21266/2079-4304.2019.227.188-198
https://doi.org/10.21266/2079-4304.2019.227.188-198
https://doi.org/10.18324/2077-5415-2017-1-140-146
https://lesnoizhurnal.ru/issuesarchive/?ELEMENT_ID=56317&ysclid=mh4hl9lx33532851616
https://lesnoizhurnal.ru/issuesarchive/?ELEMENT_ID=56317&ysclid=mh4hl9lx33532851616
https://doi.org/10.23947/2687-1653-2023-23-1-7-16
https://doi.org/10.23947/2687-1653-2024-24-1-23-35
https://www.elibrary.ru/author_profile.asp?authorid=739770
https://orcid.org/0000-0001-8732-9615
https://www.scopus.com/authid/detail.uri?authorId=57209342766
http://www.researcherid.com/rid/AAZ-4249-2020
mailto:ivan_andrianov_90@mail.ru
https://www.elibrary.ru/author_profile.asp?authorid=649936
https://orcid.org/0000-0002-9964-9111
https://www.scopus.com/authid/detail.uri?authorId=57194170240
https://www.webofscience.com/wos/author/record/Q-1869-2015
mailto:snivanov57@mail.ru
https://www.elibrary.ru/author_profile.asp?authorid=1158412
https://orcid.org/0009-0002-8702-9713
https://www.scopus.com/authid/detail.uri?authorId=58188622200
https://www.webofscience.com/wos/author/record/JXY-2343-2024
mailto:el.chep@bk.ru
https://www.elibrary.ru/author_profile.asp?authorid=739770
https://orcid.org/0000-0001-8732-9615
https://www.scopus.com/authid/detail.uri?authorId=57209342766
http://www.researcherid.com/rid/AAZ-4249-2020
mailto:ivan_andrianov_90@mail.ru


Andrianov IK, et al. Iterative Model of Elastic Deformation of a Particle Conglomerate Taking into Account … 
 

 

M
ec

ha
ni

cs
 

299 

Сергей Николаевич Иванов, доктор технических наук, доцент, профессор кафедры «Электромеханика» 
Комсомольского-на-Амуре государственного университета (681013, Российская Федерация, г. Комсомольск-на-Амуре, 
пр. Ленина, 27), SPIN-код, ORCID, ScopusID, ResearcherID, snivanov57@mail.ru 

Елена Константиновна Чепурнова, лаборант-исследователь, кафедра «Авиастроение и компьютерное 
проектирование» Комсомольского-на-Амуре государственного университета (681013, Российская Федерация, 
г. Комсомольск-на-Амуре, пр. Ленина, 27), SPIN-код, ORCID, ScopusID, ResearcherID, el.chep@bk.ru 

Заявленный вклад авторов: 
И.К. Андрианов: проведение исследования, разработка программного обеспечения.  
С.Н. Иванов: разработка концепции, написание рукописи – рецензирование и редактирование.  
Е.К. Чепурнова: проведение исследования. 

Конфликт интересов: авторы заявляют об отсутствии конфликта интересов. 

Все авторы прочитали и одобрили окончательный вариант рукописи. 

Received / Поступила в редакцию 02.09.2025 
Reviewed / Поступила после рецензирования 26.09.2025 
Accepted / Принята к публикации 06.10.2025 

 

https://www.elibrary.ru/author_profile.asp?authorid=649936
https://orcid.org/0000-0002-9964-9111
https://www.scopus.com/authid/detail.uri?authorId=57194170240
https://www.webofscience.com/wos/author/record/Q-1869-2015
mailto:snivanov57@mail.ru
https://www.elibrary.ru/author_profile.asp?authorid=1158412
https://orcid.org/0009-0002-8702-9713
https://www.scopus.com/authid/detail.uri?authorId=58188622200
https://www.webofscience.com/wos/author/record/JXY-2343-2024
mailto:el.chep@bk.ru

	Благодарности. Авторы выражают благодарность редакционной коллегии журнала и рецензенту за профессиональный анализ статьи и рекомендации для ее корректировки.
	Финансирование. Исследование выполнено за счет гранта Российского научного фонда № 24-29-00089 https://rscf.ru/project/24-29-00089/

