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DETERMINATION OF THE DENSITY 
OF THE SURFACE WHICH IS EXPOSED 
TO VARIOUS WORKING BODIES OF 
THE VIBRATION PLATE VP-10

The object of research is a vibrating plate with interchangeable working bodies developed by the authors. Vibrating 
plates are an integral part of small mechanization equipment and are mainly intended for layer-by-layer compaction 
of various materials, such as sand, gravel, bituminous mixtures, etc. Vibration compaction methods are widely used 
in the construction of road surfaces and other infrastructure facilities. Self-propelled vibrating slabs are also used 
effectively in other construction processes such as compaction, trench reinforcement, land work and laying paving 
slabs. They ensure effective compaction of materials due to vibration.

This paper is aimed at determining the optimal equipment for compaction of materials during the construction 
of small objects. Analyzing the characteristics of the machines that most affect the quality of compaction, it is also 
necessary to evaluate their influence in specific conditions. Studies show that for each type of material, a special 
working body should be selected, taking into account the specific conditions and requirements for compaction, to 
ensure optimal quality of work.

The authors seek to consider the selection of vibrating plates and their working bodies that best meet the require-
ments and needs of compaction of various materials on limited construction sites. The analysis of different types of 
working bodies for different surfaces helps to improve the compaction process and provides optimal conditions for 
different types of building materials, taking into account their unique properties.

The paper examines the influence of the working body on the processed environment, in particular, analyzes the abi
lity of various factors to influence the quality of material compaction. Special attention is paid to the influence of the 
geometry and size of the contact area on the sealing efficiency of each material type. Overall, this analysis can signifi-
cantly improve material compaction strategies in the construction industry, contributing to improved construction quality.
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vibration machine.
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1.  Introduction

Compaction of construction materials is an integral part 
of construction processes. Traditionally, this process was car-
ried out using vibrating plates for vibration compaction of 
materials. Today, the market offers a wide range of vibrating 
plates with diesel, gasoline or electric engines. To achieve high 
compaction quality, it is important to consider the  specifics 
of each type of material  [1].

Self-propelled vibration plates are compact mechanized 
devices used for surface compaction of materials such as 
sand, gravel, bitumen and other mixtures in the process of 
roadworks, backfilling of trenches, improvement of territories, 
as well as laying of paving stones and paving slabs using the 
method of vibration tamping. These devices can move both 
forward and backward. They are equipped with a four-stroke 
gasoline engine for models weighing up to 160  kg, and for 
heavier models diesel and electric engines are used  [2, 3].

When preparing a construction site for sand vibratory 
compaction, it is important to consider several key factors 
to ensure optimal results. First of all, sand is poured in  
a layer of up to 0.6 meters, which depends on the power and 
weight of the vibrating equipment. For better compaction 
and dust reduction, this layer must be evenly moistened.  
It is necessary to pass the vibrating plate over the moistened 
layer at least three times in order to achieve the required 
degree of compaction  [4].

Compaction of crushed stone is not an easy task due to 
the variety of its fractions. Before starting work, it is necessary 
to determine the maximum permissible layer thickness for 
effective compaction. After four passes of the vibrating slab, 
crushed stone or gravel should be compacted by 95  %  [5].

While laying paving slabs, special rubber or polyure-
thane linings are added to the working plate of vibration 
equipment. These actions are necessary to prevent damage 
and preserve the aesthetic integrity of the created coating.
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It should be remembered that the vibration plate should 
have a small mass within 70 to 90 kilograms. Too much weight 
of the vibration plate can lead to a violation of the integrity 
of the paving slab. It is also necessary to monitor the power 
level of the vibration plate, an increased indicator is the cause  
of the destruction of the material  [6, 7].

Therefore, the aim of research is to confirm the effective-
ness of the proposed equipment for compacting materials 
during the construction of small objects. The main task is 
to prove the choice of vibration plates and their working 
bodies that would best meet the requirements and needs 
for compacting various materials on small construction sites.

2.  Materials and Methods

The object of research is a vibrating plate with variable 
working bodies. This article examines the issue of the im-
pact of the working body on the processed environment, in 
particular, analyzes the ability of various factors to affect  
the quality of material compaction in different ways.

During the performance of the work were used:
–	 method of three-factor experiment to determine the 
most significant parameters that affect the compaction;
–	 graphical study method for visualization and better 
presentation of results.

3. Results and Discussion

Based on theoretical studies and design developments, 
a  vibration machine with a replaceable working tool for 
compacting the soil was created, which is shown in Fig. 1 [8].

The main feature of the created vibration device is its 
ability to easily move on a non-smooth surface under the 
influence of a small force.

To determine the type of soil and its degree of compaction 
in the theory of cutting and earthworks, the classification of 
soils according to the number of blows inflicted by the impact 
device is widely used, according to which all soils are divided 
into categories  [9]. The impact device of DorNDI  (State  
Enterprise «National Institute of Infrastructure Develop-
ment», Ukraine) is used in road construction to assess the  
bearing capacity of dirt roads in order to determine the need  
for repair. The design of the impact mechanism is extremely 
simple and reliable in operation.

 
Fig. 1. Vibrating plate VP-10

In contrast to the traditional method of determining 
the type of soil using a DorNDI impact device, another 
approach can be used to determine the stage of soil com-
paction by analyzing the operating parameters of vibrations 
of a vibrating plate, the experimental setup is presented 
in Fig.  2  [10]. This method provides determination of 
optimal material compaction and guarantees high qua
lity soil preparation before construction and other works.

 
Fig. 2. Laboratory instrument and measuring complex:  

1 – computer, 2 – analog-digital converter, 3 – computer mouse,  
4 – COM adapter, 5 – strain gauge

The entire system is installed on a printed circuit 
board  (Fig.  3). The connection is made via a DB9 cable 
with appropriate desoldering used as an extension cord.

 
 

 
 

а

b

Fig. 3. Analog-to-digital converter with TLC chip:  
a – general view; b – arrangement of PCB and power supply

The basis of the method is the recording of data from 
the analog-digital converter during the operation of the 
vibrating plate, followed by their processing with the help 
of a computer and a specialized program. The data is dis-
played on the screen in the form of a diagram and can be 
saved to a text file for further analysis.

As a strain gauge, a fragment of a steel locksmith’s 
line, which is shown in Fig.  4.
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 Fig. 4. Strain gauge

The strain gauge is fixed on the frame of the vibrat-
ing plate as shown in Fig.  5. When securing the sensor, 
the  tightening force of the clamp screw must be taken 
into account so that the screw does not deform the strain 
gauge, as this can lead to inaccurate measurement results.

 
Fig. 5. Fixing the strain gauge on the frame  

of the vibration plate

The proposed design of the vibration plate (Fig.  6), 
with replaceable working bodies (Fig. 7), developed on the 
basis of theoretical research and design developments, allows  
choosing the optimal working body for each type of mate-
rial to be sealed. This significantly improves the quality 
of soil compaction.

In order to study the action of each working body of 
the proposed design, experimental measurements of the 
impact of the vibration plate on the treated medium were 
made (Fig. 8) and statistical processing and analysis of the 
obtained experimental data was performed (Fig.  9)  [11].

To obtain a reliable mathematical model of the influ-
ence of the working body on the material during experi-
mental research, methods of mathematical planning and 
mathematical statistics were applied.

 Fig. 6. Vibration plate with replaceable working elements

а

b

c

Fig. 7. Vibration plate with replaceable working elements: а – flat surface; 
b – grooved surface; c – slab with rollers

 
Fig. 8. Measurement of vibration plate effect  

on the treated medium

Measurements of the compaction of the material were 
taken within the change of the initial factors described 
above, the numerical values of which are given in Table 1.
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The implementation of this experiment and the process-
ing of the data obtained, allow to obtain a mathematical 
model of the action of the working body on the material 
in the form of a regression equation:

y b b x b x b x b x b x b x

b x x b x x
i = + + + + + + +

+ +
0 1 1 2 2 3 3 11 1

2
22 2

2
33 3

2

12 1 2 13 1 3 ++ b x x23 2 3, 	 (1)

where y – base compaction; b0, b1, b2, b3 – regression equa-
tion coefficients.

The calculated values of the regression coefficients were 
tested for significance using the Student’s test and found 
that they are all significant.

Therefore, the regression equation is:

y x x x

x x x
i = + + + −

− − − +
+

25 748 6 3 0 7 1 4

2 799 0 799 0 299

0

1 2 3

1
2

2
2

3
2

. . . .

. . .

.. . . .125 0 625 0 3751 2 1 3 2 3x x x x x x+ + 	 (2)

The resulting equation establishes the dependence 
of the compaction of the material on the change in the 

external load on it of the working element of the vibra-
tion plate.

This equation is checked for adequacy by Fisher’s criterion:

F Fp table< <, . . .12 94 19 3 	 (3)

It was found that the difference between the correspond-
ing values of the experimental data and those calculated 
by the regression equation does not exceed the permissible 
limits and the regression equation with sufficient accuracy 
reflects the real process of the working body.

Using MathCad software, graphs were constructed show-
ing the effect of three main factors – time, humidity and 
rotation frequency – on the quality of material compaction.

Graphs of the dependence of the compaction value of 
the material on the external load on the working tool of the  
vibration plate are shown Fig.  10–12.

These graphs (Fig.  10–12) allow to analyze in detail 
how the quality of the seal changes when each of these 
factors varies, which is extremely important for optimizing 
the seal process in production conditions.

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

а

b

c

Fig. 9. Graph of vertical vibrations of vibrating equipment: а – general vibrogram; b – beginning of the vibrogram; c – end of vibrogram

Table 1
Ranges of change of initial factors

No. Factor values Dimensionality Designation Upper level (+) Main level (0) Lower level (–) Variation interval

Х1 Exposure time с t 150 90 30 60

Х2 Frequency of rotation rpm n 3000 2250 1500 750

Х3 Humidity % j 17 11 5 6
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Fig. 10. Graph of the dependence of material shrinkage ΔY at a fixed time 

t = 90 s in the range of rotation frequency n = 1500–3000 rpm  
and humidity j = 5–17 %

 

 
Fig. 11. Graph of the dependence of material shrinkage ΔY at a fixed 

rotation frequency n = 2250 in the humidity range j = 5–17 %  
and time t = 30–150 s

 

 
Fig. 12. Graph of the dependence of material shrinkage ΔY at a fixed 

humidity j = 11 % in the range of rotation frequency n = 1500–3000 rpm 
and time t = 30–150 s

The practical significance of this study lies in the pos-
sibility of using different types of working bodies in con-
ditions of limited space. This research can be especially 
useful for small enterprises that specialize in the compaction 
of small-sized plots in conditions of dense construction.

Limitations of the study: The research was carried out 
under the conditions of material humidity in the range 
of j = 5–17  %, the frequency of rotation of the vibra-
tion motor n = 1500–3000 rpm, and the time during which 

the vibrating plate compacted the material t = 30–150  s.  
It is important to note that the developed mathematical 
model is valid precisely under the conditions under which 
the research was conducted.

The conditions of martial law in Ukraine complicated 
the study due to frequent power outages, which affected 
the duration of the study.

Prospects for further research are to study the processes 
occurring in the zone of interaction of the working body 
with the compacted material. Research in this direction 
will allow a deeper understanding of the mechanisms of the 
influence of the working body on the material, optimize 
the parameters of the sealing process, and improve the 
efficiency of equipment in various operating conditions.

4.  Conclusions

It was described the method of determining the com-
paction of the material using an analog-digital converter 
during the operation of the vibrating plate, with further 
analysis of the obtained data using a computer system 
and specialized software.

Experimental dependences were obtained to determine 
the compaction of the material when the three main factors –  
time, humidity and rotation frequency affect the quality of  
material compaction.

Analysis of the dependence graphs showed that the key 
factors affecting the process of compacting the material are 
the time of action of the vibration plate and the humidity of 
the material. The rational time of action is 120 seconds, or 
three passes with a vibrating plate, which ensures maximum 
sealing efficiency, and the moisture content of the mate-
rial plays a decisive role, and its optimal value is 15  %.  
There is a direct proportional relationship between the 
level of humidity and the quality of the seal: with an in-
crease in humidity from 5  % to 17  %, the quality of the 
seal is significantly improved. However, the efficiency of the  
time factor decreases and after reaching 150  seconds it 
has almost no effect on the subsequent compaction of the 
material, approaching zero.
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