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This paper focuses on developing criteria for the physical modeling of roadbed compaction using a vibration roller. A 
rheological model of the process was    employed to establish the relationship between stresses and strains in soils 
with elastic-viscoplastic properties. Additional similarity criteria were utilized to characterize the design and 
technological specifications, as well as the initial and boundary conditions of the process. Based on these similarity 
criteria, a physical model of the working element of a vibration roller was created. A series of experiments was 
conducted to identify the key parameters of this working element. By analyzing the inverse relationships that define 
these key design and technological parameters, it is possible to determine optimal values for the essential parameters 
of the vibration roller. 
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HIGHLIGHTS 

− The efficiency of compacting the roadbed using vibratory rollers depends on a large number of parameters, 
including design and technology, as well as the properties of the soil being compacted.  

− The physical modeling method used in this study made it possible to take into account the influence of a large 
number of factors on the process of compaction of the roadbed. 

− The novelty of the study lies in the set of developed similarity criteria, taking into account all intermediate 
phases of the soil in which it is located during the compaction process.  

− The advantage of physical modeling is that it allows for the determination of rational values for key parameters 
with minimal time and cost. Another advantage of this method is that the results of this study can be generalized 
to all similar systems. 

1 Introduction 

The requirements for road surfaces, such as load-bearing capacity, stability, and strength, are becoming increasingly 
stringent. This is largely due to factors such as the growing use of heavy vehicles and high traffic volumes, which 
result in greater axial loads on road surfaces. Although roadbed compaction costs represent approximately 5-7 
percent of the total road construction expenses, the significance of maintaining high-quality roadbed compaction 
cannot be overstated. 
Consequently, the quality of roadbed compaction is directly linked to the overall quality of the road structure. The 
primary equipment used for roadbed compaction is rollers of various types, with vibration rollers currently making up 
about 80 percent of all rollers in use. This is because vibration rollers can significantly enhance the force exerted on 
the compacted material. Additionally, the motion of eccentric rollers causes mineral grains in soil to rearrange, leading 
to more effective compaction. 
Numerous studies are currently focused on analyzing and synthesizing the subgrade compaction processes, as well 
as selecting and justifying the design, technological, and geometric parameters of compaction equipment. Notable 
contributions from foreign researchers include works by R-Y. Zhang [1], G. Spagnoli [2], H-Ch.Dan [3], J.Pistrol 
[4],I.Sharonov [5],N-J.Syamini [6],Q.Zhang[7],Sh.Li [8], K.Glavatsky[9], Z.G. Ter–Martirsyan [10], S.J.Poulos [11], 
Kurdyumov[12],  C.Dragos [13], V. Mikheyev [14].  Their research focuses on the compaction process, identifying 
factors that influence compaction efficiency, and justifying the key design and technological parameters of vibration 
rollers. However, these studies do not address the physical modeling of the roadbed compaction process using 
vibration rollers. Among domestic researchers, the works of T. Khankelov [15,16,17,18,19] and S. Komilov [20] are 
noteworthy. T. Khankelov has explored the physical modeling of trench compaction with backfill soils and has 
determined rational values for key parameters of segmental working bodies. S. Komilov's research primarily 
examines the specific features of soil compaction using vibration rollers, including how to select the appropriate type 
of roller based on the tasks and the properties of the soil being compacted. 
Establishing relationships between stresses and strains in compacted subgrades is essential, as it determines the 
parameters and operating modes of compacting machines and mechanisms. Rheological models provide a clear 
understanding of the pattern of changes in stresses and strains in a medium, depending on variations in its defining 
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physical and mechanical properties under mechanical stress. For this purpose, rheological models of varying 
structure and complexity have been developed for the process of soil compaction by wheeled propellers. The 
rheological model of the wheel propeller-soil system developed by Professor V.I. Balovnev [21] is presented in Fig. 1. 

 
Fig. 1. Rheological model of the wheel propeller-soil system 

The horizontal reactive component of the wheel (RG) is simulated by the viscoplastic model (rp) (v), which represents 
the Bingham model without an elastic element. The vertical reaction to the wheel (RV) is simulated by the elastic-
viscoplastic Bingham model. The equations describing the Bingham elastoviscoplastic model are as follows: 

𝜏𝜏 = 𝜂𝜂 𝑑𝑑𝑑𝑑
𝑑𝑑𝑧𝑧

+ 𝜏𝜏𝑟𝑟𝑟𝑟, 

𝜏𝜏 = 𝛾𝛾𝛾𝛾, 𝜏𝜏 = 𝛾𝛾1𝐺𝐺1 + 𝜏𝜏𝑟𝑟𝑟𝑟 
(1) 

where τ  - is the shear stress, N m2⁄ ; η - is the dynamic viscosity coefficient, Ns m2⁄ ; ϑ - is the velocity of 
displacement,m s⁄ ; z - is the distance, m;  G - is the shear modulus,  N m2⁄ ; γ - is the shear strain, τrp- is the shear 
stress corresponding to the yield strength, N m2⁄ ; γ1, G1 - are the shear strain and shear modulus for the viscoplastic 
zone, respectively. 
Additional similarity criteria describing the subgrade compaction process are found primarily by two methods: 
differential equation analysis and dimensional analysis [22].  
For a more in-depth analysis of the compaction process of the roadbed using a vibration roller, a rheological model 
developed by Professor Balovnev and a dimensional analysis method were used. 

2 Materials and methods 

Based on equation (1) of the rheological model of the process of compaction of the roadbed by the working element 
of a vibration roller, we find the primary similarity criteria by dividing all the terms of the equation by one of them. 
Using the integral analog method [23], we determine four criteria: 

𝜋𝜋1 =
𝜏𝜏
𝜏𝜏𝑟𝑟𝑟𝑟

,𝜋𝜋2 =
𝜂𝜂𝜂𝜂
𝑧𝑧𝜏𝜏𝑟𝑟𝑟𝑟

,𝜋𝜋3 =
𝜏𝜏
𝛾𝛾𝛾𝛾

,𝜋𝜋4 =
𝜏𝜏

𝜏𝜏1𝐺𝐺1
 (2) 

where: 
− π1 is the ratio of horizontal forces to the forces acting in the horizontal direction in the plastic zone of 

compaction; 
− π2 is the ratio of inertial forces to the horizontal forces acting in the plastic zone; 
− π3 is the ratio of shear forces to the forces leading to soil deformation; 
− π4 is the ratio of the shear forces to the forces causing soil deformation in the layered zone. 

Additional similarity criteria for the subgrade compaction process can be identified through dimensional analysis. For 
this purpose, we will consider the roller-soil system. The interaction diagram between the roller drum and the 
subgrade is shown in Figure 2. 
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Fig. 2. Vibration roller-soil system 

A vibration roller can be defined by the following parameters: diameter D, width L, and weight P. The compaction 
mode can be characterized by compaction depth h, amplitude A, frequency F, roller speed ϑ, and gravitational 
acceleration g. Soil medium is characterized by cohesion c, internal friction angle α and external friction angle β, 
initial density 𝜌𝜌0 , and moisture content ω. 
The soil density at a given time point is determined as: 

𝜌𝜌𝑛𝑛 = 𝑓𝑓(𝐷𝐷, 𝐿𝐿,𝑃𝑃, ℎ,𝐴𝐴,𝐹𝐹,𝜗𝜗,𝑔𝑔, 𝑐𝑐,𝛼𝛼,𝛽𝛽,𝜌𝜌0,𝜔𝜔) (3) 

Let us establish criteria to describe the process of roadbed compaction using a vibration roller. In this case, we have 
14 physical quantities characterizing the process (𝑛𝑛=13). Upon examining these quantities, we find that three of them 
(𝛼𝛼,𝛽𝛽,𝜔𝜔) are themselves criteria of similarity [24]. The dimensions of the remaining physical quantities, which total 14 
- 3 = 11, can be expressed using three basic units of measurement: force P, length L, and time T. 
Here are the formulas for the dimensions of these quantities: 

[𝐷𝐷] = [𝐿𝐿] = [ℎ] = [𝐴𝐴] = 𝐿𝐿; [𝑃𝑃] = 𝑃𝑃; [𝐹𝐹] = 𝑇𝑇−1; [𝑐𝑐] = 𝑃𝑃𝐿𝐿−2; [𝜗𝜗] = 𝐿𝐿𝑇𝑇−1; [𝑔𝑔] = 𝐿𝐿𝑇𝑇−2; [𝜌𝜌0] = 𝑃𝑃𝐿𝐿−3 (4) 

To identify additional similarity criteria, we need to select base quantities that have independent dimensions and 
incorporate all the basic units of measurement. In this scenario, we will use the following three quantities with 
independent dimensions: 𝜌𝜌0,𝐷𝐷,𝑔𝑔 (𝑚𝑚 = 3). Consequently, we need to derive 14 - 3 = 11 similarity criteria. For 
example, to find criterion 𝜋𝜋5, we take the dimension of parameter ρ and place it in the numerator. In the denominator, 
we write the product of the dimensions of 𝜌𝜌0,𝑅𝑅,𝑔𝑔 with the currently unknown exponents 𝑎𝑎1,  𝑎𝑎2,  𝑎𝑎3.   

𝜋𝜋5 =
𝑃𝑃𝐿𝐿−3

(𝑃𝑃𝐿𝐿−3)𝑎𝑎1(𝐿𝐿)𝑎𝑎2(𝐿𝐿𝑇𝑇−2)𝑎𝑎3
  

We determine the exponents by equating the dimensions of the numerator and denominator to obtain a 
dimensionless complex. Thus, for 𝑎𝑎1 = 1, 𝑎𝑎2 = 0, 𝑎𝑎3 = 0, we obtain: 

𝜋𝜋5 =
𝑃𝑃𝐿𝐿−3

(𝑃𝑃𝐿𝐿−3)1(𝐿𝐿)0(𝐿𝐿𝑇𝑇−2)0
=
𝜌𝜌
𝜌𝜌0

  

The remaining similarity criteria are obtained in the same way. We write out all the similarity criteria: 

𝜋𝜋5 = 𝜌𝜌
𝜌𝜌0

;  𝜋𝜋6 = 𝐿𝐿
𝐷𝐷

;  𝜋𝜋7 = ℎ
𝐷𝐷

;  𝜋𝜋8 = 𝐴𝐴
𝐷𝐷

;  𝜋𝜋9 = 𝑃𝑃
𝜌𝜌0𝐷𝐷3

;  𝜋𝜋10 = 𝐹𝐹�𝐷𝐷
𝑔𝑔

;𝜋𝜋11 = 𝜗𝜗
�𝑔𝑔𝑔𝑔

; 

𝜋𝜋12 =
𝐶𝐶
𝜌𝜌0𝐷𝐷

;  𝜋𝜋13 = 𝛼𝛼;  𝜋𝜋14 = 𝛽𝛽;𝜋𝜋15 = 𝜔𝜔 
(5) 

where 
− 𝜋𝜋5 – is the ratio of the soil density at an arbitrary time point to the soil density at the initial time point; 
− 𝜋𝜋6– is the ratio of the width of the vibration roller drum to its diameter; 
− 𝜋𝜋7- is the ratio of the compaction depth to the vibration roller     drum diameter; 
− 𝜋𝜋8– is the ratio of the amplitude developed by the vibrator to the vibration roller   drum diameter; 
− 𝜋𝜋9- is the ratio of the compaction force to the volumetric forces; 
− 𝜋𝜋10– is the ratio of the dynamic components of the compaction forces to the drum weight; 

http://www.engineeringscience.rs/


Journal of Applied Engineering Science 

Vol. 24, No. 1, 2026 
www.engineeringscience.rs 

 

 
publishing 

 
Tavbay Khankelov et al. - Development of 
similarity criteria for physical modeling of the 
process of roadbed compaction 

 

86 

− 𝜋𝜋11- is the ratio of the inertial forces to the volumetric forces; 
− 𝜋𝜋12– is the ratio of the cohesion forces to the volumetric forces; 
− 𝜋𝜋13– is the criterion characterizing the equality of the angles of internal friction; 
− 𝜋𝜋14– is the criterion characterizing the equality of the angles of external friction; 
− 𝜋𝜋15 - is the criterion characterizing the equality of soil moisture content values. 

For easier use, we square criterion 𝜋𝜋11: 

𝜋𝜋11 =
𝜗𝜗2

𝑔𝑔𝑔𝑔
 

The criterion equation has the following form: 

𝜋𝜋5 = 𝑓𝑓(𝜋𝜋1,𝜋𝜋2,𝜋𝜋3,𝜋𝜋4,𝜋𝜋6,𝜋𝜋7,𝜋𝜋8,𝜋𝜋9,𝜋𝜋10,𝜋𝜋11,𝜋𝜋12,𝜋𝜋13,𝜋𝜋14,𝜋𝜋15) (6) 

Equation (5) is an implicit criteria equation. Its analytical solution presents several difficulties; more common special 
cases can be considered. From a priori sources [25,26, 27], it is known that the most representative soil type for the 
Republic of Uzbekistan is sandy loam; its moisture content during the roadbed construction fluctuates between 8 and 
10%. By watering, the value is brought to approximately 18%. The internal friction angle is approximately 𝛼𝛼 ≈ 220, 
the external friction angle is 𝛽𝛽 ≈ 350, and the ratio of the drum width to its diameter is 𝐿𝐿

𝐷𝐷
≈ 1,2 ÷ 1,35. Then, our criteria 

equation is: 

𝜋𝜋5 = 𝑓𝑓( 𝜋𝜋8,𝜋𝜋9,𝜋𝜋10,𝜋𝜋11) (7) 

For a given value of D, which corresponds to a specific brand of the roller, criteria 𝜋𝜋8,𝜋𝜋9,𝜋𝜋10,𝜋𝜋11 uniquely determine 
parameters A, P, F, and ϑ, respectively. These parameters function as factors in the experimental studies, while the 
soil compaction coefficient is the output parameter. 
In modeling the compaction process of the roadbed, the XS123H vibration roller model was used as an analog. A 
necessary condition for ensuring dynamic and kinematic similarities between the physical model and the full-scale 
machine used in the process of compaction of the roadbed is compliance with the following criteria: 

𝜋𝜋9 = 𝑃𝑃
𝜌𝜌0𝐷𝐷3

;  𝜋𝜋10 = 𝐹𝐹�𝐷𝐷
𝑔𝑔

;𝜋𝜋11 = 𝜗𝜗
�𝑔𝑔𝑔𝑔

, (8) 

The scales of physical quantities were determined using formulas that define similarity indices. These similarity 
indices were calculated by dividing the similarity criteria for the original case by the similarity criteria for the model.  
For example, for criteria  𝜋𝜋9,𝜋𝜋10, and 𝜋𝜋11, the relationship among scales 𝑘𝑘𝑃𝑃,𝑘𝑘𝐹𝐹,  and 𝑘𝑘𝜗𝜗  and other scales has the 
following form: 
Independent scales were 𝑘𝑘𝐷𝐷,𝑘𝑘𝜌𝜌0, and 𝑘𝑘𝑔𝑔, the linear scale was 𝑘𝑘𝐷𝐷 = 4, since during  

𝑘𝑘𝑃𝑃
𝑘𝑘𝜌𝜌0𝑘𝑘𝐷𝐷

3 = 1;  𝑘𝑘𝐹𝐹�𝑘𝑘𝐷𝐷
�𝑘𝑘𝑔𝑔

= 1; 𝑘𝑘𝜗𝜗
�𝑘𝑘𝑔𝑔𝑘𝑘𝐷𝐷

= 1 (9) 

The experimental studies, the properties of the compacted material did not change, and the experiment was carried 
out on the ground 𝑘𝑘𝜌𝜌0 = 𝑘𝑘𝑔𝑔 = 1. The experiments were carried out under conditions of approximate physical 
modeling, and the scale values of physical quantities were determined by the linear scale of the model: 

𝑘𝑘𝑃𝑃 = 𝑘𝑘𝐷𝐷3 ; 𝑘𝑘𝐹𝐹 = 1
�𝑘𝑘𝐷𝐷

;  𝑘𝑘𝜗𝜗 = �𝑘𝑘𝐷𝐷 (10) 

To achieve dynamic and kinematic similarity in the compaction processes, the chosen linear scale dictates that the 
model should be 64 times smaller than the original. Additionally, the compaction frequency of the physical model 
must be twice that of the original, while the compaction velocity of the physical model should be half that of the 
original. Based on the data collected to ensure geometric, dynamic, and kinematic similarity, a physical model of the 
vibratory roller has been developed. 
To investigate the compaction patterns of a roadbed with a vibration roller, a physical model of the roller was 
constructed at a scale of k = 4. The developed physical model of the roller, featuring a three-point frame installed on 
a soil channel, is illustrated in Fig. 3. 
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Fig. 3. Fragment of an experiment to establish roadbed compaction patterns on a physical simulation setup 

Using the methods based on mathematical statistics theory, preliminary distribution, and the results of single-factor 
experiments, the key factors determining the compaction process were identified. The dependence of the compaction 
coefficient of the machine on the main process parameters is implicitly expressed as: 

𝑌𝑌 = 𝑓𝑓(𝐴𝐴,𝑃𝑃,𝐹𝐹,𝜗𝜗) (11) 

where 𝐴𝐴  is the compaction amplitude of the vibratory drum, mm; P is the compaction force, N; F is the compaction 
frequency of the vibratory drum, Hz; ϑ is the roller speed, m/s; Y is the compaction coefficient.  To determine the 
variation ranges for the key factors that significantly influence soil compaction using a vibratory roller, a series of 
single-factor experiments was conducted. Figure 4 illustrates the relationship between soil density and moisture 
content. 

 
Fig. 4. Soil density versus moisture content: 1 - experimental curve; 2 - theoretical curve calculated using 

regression formulas 

Analysis of the graphs indicates that the maximum soil density occurs at a moisture content of approximately 𝜔𝜔 ≈ 18 %. 
This is explained by the fact that at this level of moisture content, the cohesive forces between the mineral particles 
are at their strongest. 
Figure 5 presents graphs depicting the relationship between soil density and compaction force. 
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Analysis of the graphs in this figure indicates that the optimal soil density values are achieved with a compaction 
force of approximately 𝑃𝑃 ≈ 1,7 𝑘𝑘𝑘𝑘. This observation can be attributed to the onset of plastic soil flow when the 
compaction force exceeds this value. 
Figure 6 displays the results of a single-factor experiment that examines how soil density correlates with the drum 
amplitude of a vibratory roller. 

 
Fig. 6. Soil density versus vibratory roller drum amplitude: 1 - experimental curve; 2 - theoretical curve calculated 

using regression formulas 

Analysis of the graphs indicates that the optimal soil density values are achieved with a drum amplitude of 
approximately 𝐴𝐴 ≈ 0,1 𝑠𝑠𝑠𝑠. 
Figure 7 presents the results from a single-factor experiment examining how soil density varies with the oscillation 
frequency of the vibratory roller drum. 

 
Fig. 7. Soil density versus vibratory roller drum frequency: 1 - experimental curve; 2 - theoretical curve calculated 

using regression formulas 

The analysis of these graphs indicates that the optimal compaction frequency is approximately 𝐹𝐹 ≈ 30 𝐻𝐻𝐻𝐻. 
To assess the regularity of the influence of specific energy consumption on the physical model on the degree of soil 
compaction, a comparative diagram was drawn up, shown in Fig. 8.  
 

 
Fig. 8. Dependence of the degree of compaction of the roadbed on the specific energy consumption 

Analysis of this diagram shows a significant nonlinearity in the dependence of the degree of compaction on specific 
energy consumption. 
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 A preliminary examination reveals that the compaction process is influenced by numerous factors and exhibits 
significant nonlinearity. Therefore, it is essential to select a quadratic regression model and conduct a series of 
multivariate experiments, varying the factors based on the results obtained from single-factor experiments. 
The implicit relationship between the factors and the optimization parameter can be expressed as follows: 

𝑌𝑌 = 𝑎𝑎0 + �𝑎𝑎𝑖𝑖𝑥𝑥𝑖𝑖 + �𝑎𝑎𝑖𝑖𝑖𝑖𝑥𝑥𝑖𝑖𝑖𝑖 + �𝑎𝑎𝑖𝑖𝑥𝑥𝑖𝑖2, (12)                                  

where 𝑌𝑌 is the value of the optimization parameter being considered; 𝑥𝑥𝑖𝑖  is the coded value of the factors (i=1, 2, 3, 
4); 𝑎𝑎𝑖𝑖 is the value of the coefficient reflecting the contribution of the i-th factor; and 𝑎𝑎𝑖𝑖𝑖𝑖  is the value of the coefficient 
describing the interaction between factors. 
The experiments were conducted utilizing the Box-Behnken design, which accounts for complex interactions among 
factors. This design is known for its robustness and minimal susceptibility to variability in coefficient results. 
Additionally, varying the factors at three different levels ensures that the results are accurate, particularly at the lower 
points of the design. To validate the feasibility of the experiments, Cochran's test was employed to assess the 
hypothesis of equal variance for repeated measurements. The significance of the empirical coefficients in the 
regression equation was evaluated using Student's t-test with a significance level of 0.05. The adequacy of the 
adopted model to effectively represent the response surface was confirmed using standard methods. 

𝐹𝐹рас < 𝐹𝐹табл (13)                                                                                                                                   

Table 1. Factors 

№ Factor Code 
Factor Levels 

Range Dimensions 
-1.68 -1 0 +1 +1.68 

1 Vibratory drum compaction 
amplitude Х1 0.05 0.07 0.1 0.13 0.15 0.03 sm 

2 Compaction force Х2 1150 1300 1500 1700 1850 200 N 

3 Vibratory drum compaction 
frequency Х3 21.5 25 30 

 
35 
 

38.5 5 Hz 

4 Roller travel speed Х4 0,12 0,15 0,2 0,25 0,28 0,05 m/s 

3 Results and discussion 

In several studies, machine design improvements were implemented on a modular basis according to technological 
requirements (Glavatsky et al.), without taking into account the complex factors that affect machine efficiency. Ter-
Martirosyan's research primarily focused on the rheological properties of soil, but it did not examine their impact on 
machine design and technological parameters. Additionally, Mikheev's studies aimed at enhancing the design and 
technological aspects of a vibratory roller, yet they overlooked critical factors that influence the efficiency of the soil 
compaction process, such as soil moisture and inertial forces. 
Experiments conducted using the Box-Behnken design method allowed for a systematic analysis of the key 
parameters affecting the effectiveness of subgrade compaction. By varying the compaction amplitude (𝑋𝑋1) from 0.05 
to 0.15 sm, the compaction force (𝑋𝑋2) from 1150 to 1850 N, the vibratory drum compaction frequency (𝑋𝑋3) from 21.5 
to 3.85 Hz, and the roller speed (𝑋𝑋4) from 0.12 to 0.28 m/s, a data matrix was created to provide a reliable estimate 
of the regression equation coefficients.  
The mathematical model generated from the statistical data analysis demonstrated a strong correlation between the 
expected and actual compaction values. This selected model reached a 95% accuracy rate when compared to 
existing models. The excellent agreement between theory and practice confirms the adequacy of the selected factors 
and the validity of the experiments.  
It was observed that as travel speed and compaction frequency increase, the rise in compaction coefficient tends to 
lag behind the rise in energy consumption. This suggests that a vibration roller designed with optimal parameters 
can not only enhance compaction productivity but also operate with minimal energy usage. Implementation of the 
research results, with some modifications, on a national scale in the Republic of Uzbekistan will significantly reduce 
the cost of roadbed construction and improve the efficiency of soil compaction.  
After generating experimental data and verifying the significance of the regression coefficients, a mathematical model 
was developed to evaluate the performance of a prototype compaction machine. 

𝑌𝑌 = 0,82 + 0,02𝑋𝑋1 + 0,08𝑋𝑋2 − 0,03𝑋𝑋3 − 0,02𝑋𝑋4 + 0,01𝑋𝑋12 + 0,02𝑋𝑋22 − 0,01𝑋𝑋3 
2 − 0,01𝑋𝑋42    (14) 

An assessment of the model's adequacy using the Fisher criterion showed that the mathematical model is adequate 
with a 95% confidence level. 
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𝐹𝐹рас = 0,95,𝐹𝐹табл = 2,36    (15) 

The model's adequacy requirement is met. 
To determine the best factor values, equation (10) was tested for the maximum value; the results are presented in 
Table 2. 

Table 2. Rational factor values 

 
Factor values 

Factor 

X1, sm X2, N X3, Hz X4, m/s 

Encoded 0 +1 -1 -1 

Natural 0.1 1700 25 0.15 

Rounded 0.1 1700 25 0.15 

Therefore, the optimal values for the key parameters of the compaction machine are: 
− vibration roller compaction amplitude - A ≈ 0.1 sm; 
− compaction force - P ≈ 1700 N; 
− vibration roller compaction frequency - F ≈ 25 Hz; 
− roller travel speed - ϑ ≈ 0.15 m/s. 

4 Conclusions 

The development and implementation of a physical model for the vibration roller enabled a thorough experimental 
analysis of the subgrade compaction process. In contrast to traditional trial-and-error methods commonly used in 
mechanical engineering, physical modeling significantly reduces material and time costs while allowing for rapid 
design modifications. This approach has proven effective in studying waste sorting technologies under controlled 
conditions. 
Statistical evaluation of the experimental results indicated that the regression model is appropriate with a confidence 
level of 95%. The model accurately reflects the relationship between compaction efficiency and key influencing 
factors, including vibratory drum amplitude, compaction force, vibratory drum compaction frequency, and roller 
speed. This mathematical model serves as a reliable tool for predicting performance and optimizing machine settings 
across various operating conditions. 
Based on experimental optimization, the following rational values were determined for the vibration roller: 

− vibratory drum compaction amplitude - A ≈ 0.1 sm; 
compaction force - P ≈ 1700 N; 

− vibratory drum compaction frequency - F ≈ 25 Hz; 
− roller speed - ϑ ≈ 0.15 m/s. 

These parameters ensure maximum compaction efficiency while minimizing unnecessary energy and material costs. 
The optimized vibration roller has the potential to significantly enhance roadbed compaction efficiency in Uzbekistan. 
The experimental findings pave the way for further research, particularly in integrating the proposed vibration roller, 
designed with optimal parameters, with other compaction technologies. Scaling the prototype to meet industrial 
demands will require studies on durability, maintenance needs, and long-term economic feasibility. 
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