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5 Study of technical systems of materials  
compaction process

Abstract

The working process of concrete mixture compaction is investigated. The model of the pro-
cessing medium is determined, which is characterized by three stages. At the first stage of 
compaction it is a free-flowing medium, at the second and third stages of compaction it is an 
elastic-viscoplastic medium. This result lies in the definition of the physical and mathematical 
model, the equations of motion. The vibration system «machine-medium» at any moment of 
movement consists of two components – one is capable of accumulating energy that passes 
from one form to another (reactance), and the second is energy dissipation (active resistance). 
The influence of active and reactive forces on the general movement of the system under study 
has been investigated and determined. By solving the equations, analytical dependencies were 
obtained, which established the laws of motion of the «Vibration machine – sealing medium» 
system. Practical implementation for technical systems for the formation of concrete products 
and soil compaction processes under the main pipeline has been carried out. An algorithm and 
method for calculating the main parameters of vibration systems for compaction of working 
media have been developed.
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5.1 Determination of physical models of the process of vibration compaction  
of materials

The vibration effect on the concrete mix is of great practical importance and forms the basis of 
all modern technology for compaction of consistencies [1–3]. The essence of the vibration action 
lies in the fact that during vibrations, the concrete mixture acquires the properties of fluidity due 
to the violation of bonds between the particles. The compaction process is characterized by the fol-
lowing movement of concrete mixture particles: individual, general (general) vibration of concrete 
mixture particles as a continuous system. The uniform movement of particles from one equilibrium 
position to another occurs predominantly in the surface layer.
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Based on a general view of the compaction process, it can be noted that the concrete mix at dif-
ferent stages obeys different laws. At first, it can be represented as a free-flowing medium, where 
the vibration movement of its particles occurs, that is, the forces of dry friction mainly affect. With 
subsequent compaction, the mixture becomes more mobile and behaves like an elastic viscoplastic 
body. Along with the properties of a viscous liquid, the mixture is clearly elastic. Thus, the physical 
model of the mixture should take into account three stages of the compaction process (Fig. 5.1).

 Fig. 5.1 Stages of the compaction process

The elastic properties according to Hooke’s law (Table 5.1) are presented in the form of  
a linear (linear model) or nonlinear (nonlinear model) layer of a concrete mixture.

Viscous properties according to Newton’s law (Table 5.1) are modeled by a damper consist-
ing of a piston moving in a cylinder with a liquid. Other connections of elements with each other 
are possible, which is due to the need to take into account certain properties and composition of 
the components of a real mixture. The equations describing the propagation of a wave process in  
a mixture can be represented as follows:
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The first equation (5.1) describes the displacement of the layer of the mixture u(z, t) as an 
elastic body with density at a speed c. The second equation (5.1) describes the motion of the mix-
ture as an elastic-viscous body with density with a frequency-dependent dissipation of energy taken 
into account in the equation by the coefficient η. The third equation (5.1) describes the motion of 
the mixture as an elastic – viscous body with density ρ with a frequency-independent dissipation of 
energy taken into account in the equation by the coefficient γ. At different stages of the concrete 
compaction process (Fig. 5.1), all equations (5.1) can be applied. The first equation (5.1) is not 
applicable in the case of a possible resonance, since the absence of a dissipative component in the 
resonance zone gives a solution for the amplitude of oscillations А→∞. Therefore, the second and 
third equations (5.1) are left to choose from. At the present stage of development of vibration  
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technology for compaction of building mixtures, the third equation (5.1) is more applied due to the 
fact that for a specific vibration frequency, the stress state is determined by the vibration amplitude.  
Therefore, in further analytical studies, the third equation (5.1) is used.

 Table 5.1 The main types of physical models

Model  
properties

Physical model
Model name

scheme Mathematical notation
Elastic σ ε τ= =Ε; xG Hooke

Plastic τ τ= pl Saint-Venant

Elastic-plastic τ τ= pl ; τ = xG Prandtl

Viscous τ η= dV
dz

Newton

Elastoviscous with 
stress relaxation τ η= dV

dz
; τ = xG

Maxwell

Elastoviscous with  
delayed deforma-
tions

τ = xG +η dV
dz

Voigt

Elastoviscous with 
creep phenomenon τ = xG;  τ η= +x G

dV
dz1 1

Kelvin

Elasto-visco-plastic τ = xG;  τ τ= +x G pl1 1 Bingham

Elasto-visco-plastic 
with relaxation τ = xG;  τ τ= +x G pl1 1 ;  τ τ η= +pl

dV
dz

Shvedov

Elasto-visco-plastic 
in the process of 
shear deformation

τ = xG;  τ η= +x G
dV
dz1 1 ; τ τ η= +pl

dV
dz1

Generalized 
Kelvin and 
Shvedov

When vibrations are transmitted from the working body to the mixture (Fig. 5.2), elas-
tic waves propagate in the latter, which carry the energy that goes to the compaction of the 
mixture layers.
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 Fig. 5.2 «Vibration unit – concrete mix» block diagram

Based on the above reasoning, the «machine – medium» vibration system by different signs 
of their behavior will be represented from the point of view of modeling as subsystems with dis-
crete (machine) and distributed (medium) parameters.

The next premise is based on the fact that the «machine – medium» vibration system at any mo-
ment of movement consists of two components – one is capable of accumulating energy that passes 
from one form to another (reactance), and the second is energy dissipation (active resistance) [3].

Thus, the task of accounting for the medium to be processed is reduced to determining the 
active and reactive forces in the contact zone and introducing them into the equation of motion of 
the vibration unit.

For this purpose, the «vibration unit – concrete mix» design diagram according to the me-
thod [2] is shown in Fig. 5.3.

 Fig. 5.3 Design diagram of the «vibration plant – concrete mix» system:  
х – displacement; F(t) – external forced force; u(z, t) – longitudinal displacement  
of the current section of the concrete mixture column; Rz = 0 – reaction of the 
concrete mixture in the section, provided that z = 0; Rz = h – reaction of the  
concrete mixture in the cross section of the column, provided that z = h
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The wave equation of displacement of the current section of the column of concrete mixture 
is taken in the form (5.1):
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Here ∂ ∂2 2u t  – acceleration of the concrete mixture layer; ∂ ∂2 2u z  – the second derivative 
of the displacement of the concrete mixture layer u along the coordinate of the mixture column z;  
с – speed of the mixture layer; γ  – coefficient of resistance of the concrete mixture, which 
characterizes the quantitative value of energy dissipation; і – imaginary unit showing the rotation 
between the elastic and dissipative components by the angle π/2.

The solutions of the wave equation (5.1) will be used in the form:

u z t u e u e ekz kz i t, .( ) = +( )−
1 2

ω  (5.2)

The displacement u is determined by the product of two functions, one of which depends on 
the arguments z z( )  and T t( ) :

z z u e u ekz kz( ) = − −
1 2 , (5.3)

T t ei t( ) = ω .

In solution (5.2) u1 and u2  are constants determined by the boundary conditions, k  – complex 
wavenumber: k i= +( )α β ,  where α, β  – coefficients [1–3]:
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The coefficient α determines the attenuation of the wave propagated in the layer of the me-
dium, and the coefficient β determines the attenuation of the same wavelength. Indeed, if there 
is no resistance (γ = 0), then α = 0, β ω= co , that is, the wave under this condition propagates 
without extinction, which corresponds to the first equation (5.1).

The main task is to provide an analytical description of the dynamics of the «vibration unit – 
concrete mix» hybrid system.

The design diagram of the vibration system (Fig. 5.4) is described by the equation obtained  
on the basis of the use of the reaction method [4–6]:

m m a x b m d x c x Fo tc c o+( ) + +( ) + = ⋅ ω ωsin .  (5.5)
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The solution to this equation gives an expression x x to= +( )sin ω γ  for determining the vibra-
tion amplitude of a vibration machine, taking into account the entire complex of resistance forces:
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where a – wave coefficient of the reactance of the concrete mixture; d – wave coefficient of the 
active resistance of the concrete mixture;

a
h h

h h h
=

+
+( ) + 

α α β β
α β α β

sh
ch

2 2
2 22 2

sin
cos

; d
h h

h h h
=

−
+( ) + 

α β β α
α β α β

sin
cos

.
2 2

2 22 2

sh
ch

 (5.7)

Because of the task at hand, it is important to determine not only the influence of the nominal 
resistance forces on the amplitude value of displacement in the contact zone, but also to find an 
expression for determining the nature and magnitude of the distribution of the amplitudes of dis-
placement over the layers of the mixture z z h= ( ).

Using the solution of the wave equation, let’s find an expression for finding the displacement 
of any layer of the mixture:
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The modulus of expression (5.8) gives a formula for the amplitude of the displacement of the 
mixture layer:
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When to enter an additional element, for example when loading, the limit conditions are 
changed. Now the stress on the upper contacting surface will not be equal to zero. It is obvious 
that the surcharge, like the working body, in its motion will also perceive the influence of the 
active and reactive resistances of the medium. By analogy, the force of resistance to surcharge 
fluctuations can be expressed as:
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The notation is accepted here k w c= ; m ShA = ρ ;  δ α β= + i .
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5.2 Investigation of the parameters of vibration machines for the compaction  
of concrete mix

To study the parameters of vibration machines for the compaction of a concrete mixture according 
to the obtained formulas, calculations were made according to the following variable parameters: the 
height of the mixture column h = 0 1 1 5. ... . ;m  the frequency of the oscillations w = 100 300.. ;1 c  
the speed of propagation of vibrations in the concrete mixture Cc = 30 50... ;m/s  the loss factor 
γ = 0 05 1 0. ... . ; the ratio of the masses of the concrete mixture mc to the mass of the vibration 
machine m: m mc = 0 4 1 0. ... . ; static pressure. Fig. 5.4 shows the results calculations.

 Fig. 5.4 The results of calculations of changes in the parameters of vibration machines  
for the processes of compaction of a concrete mixture: a – the influence of the ratio of the  
masses of the medium and the machine on the amplitude of oscillations; b – the dependence  
of the amplitude of the oscillations on the height of the mixture column; c – the influence  
of the wave number on the amplitude of the oscillations; d – the influence of the loss factor  
on the vibration amplitude of the working body

a b

c d

The effect of the mass ratio of the medium and the machine on the vibration amplitude depends 
on the specific height of the mixture column. So, in zones far from resonance, these are the heights 
of the mixture column h = 0.2 g and h = 0.5 m (Fig. 5.4, a, curve 1 and curve 2), the amplitude 
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of the oscillations decreases. In the resonance zone h = 0.3 m (Fig. 5.4, curve 3), the amplitude 
of oscillations increases, which is confirmed by the graph (Fig. 5.4, b). A noticeable effect on the 
amplitude has the speed of propagation of oscillations (Fig. 5.4), the value of which is included in 
the determination of the numerical values of the wave coefficients a and d (5.7). So, an error in 
determining the vibration speed by 10 % can lead to a discrepancy between the calculated and 
actual vibration amplitudes by 150 % (Fig. 5.4, curve 2).

The degree of influence of active resistance forces (Fig. 5.4, d) is determined by the height 
of the mixture column. In the zone of the greatest value of the vibration amplitude for a height of 
h = 0.3 m (curve 1, Fig. 5.4, d), an increase γ  leads to a natural decrease xo. For the height (curve 1, 
Fig. 5.4, d), the picture is the opposite: here an increase γ  leads to an increase in the amplitude 
of oscillations xo.

The change γ  from 0.1 to 0.3 led to an increase in the xo  amplitude from 0.156 to 0.173 mm.
The considered examples clearly confirm the taken into account the reactive and active resis-

tance of the concrete mixture.

5.3 Study of the parameters of soil compaction processes under the main pipeline

Main pipelines are rightly considered the energy arteries of Ukraine, because they provide en-
ergy resources not only for the needs of the state’s own economy, but also for the transportation 
of oil and gas to more than 15 European countries. The current state of ensuring reliable and safe 
operation of trunk pipelines requires the urgent development and implementation of new equipment 
and technologies for capital repairs of pipelines, the use of which will significantly accelerate the 
pace of repair work with a decrease in material and labor costs for their implementation [7–9].

A feature of the new technology is that after a complex of works on replacing insulation under 
the repaired pipeline, soil is poured and compacted under the pipe to such an extent that it excludes 
subsidence of the latter after repair.

A schematic diagram of soil compaction under the pipeline by two surfaces symmetrically 
located relative to the longitudinal axis of the pipeline, synchronously moving against each other 
along the required trajectory, is shown in Fig. 5.5. In the process of compaction, there is a mutual 
influence of stress diagrams in the soil from both soil-compaction surfaces, which leads to the for-
mation of a generalized stress diagram in the zone of the vertical soil mass under the main pipeline.

The stress state of the massif depends on many factors, primarily on the magnitude of the ap-
plied external loads, load modes, physical and mechanical characteristics of the compacting soil, the 
size of the soil mass under the pipe, the shape and size of the trench, and the design parameters 
of the soil compacting working equipment.

The values of technological factors in this study are taken to be fixed. The diameter of the 
pipeline is taken Dp = 1220 mm, as the most common in Ukraine. The weight of one running meter 
of the pipeline is assumed unchanged and maximum in value, for the case when the pipe is filled with  
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oil qp = 14.3 kN/m. The height of the soil mass under the pipeline (the height of the placement of the 
lower point of the pipe relative to the bottom of the trench) is taken no more than H = 820 mm. 
The geometrical dimensions of the trench for pipeline repair Dp = 1220 mm, the following: depth 
h = 3000 mm, width of the trench at the top bt = 4400 mm and at the bottom bb = 2620 mm (Fig. 5.5).

The speed of application of loads to the soil-packing surfaces Vl reflects the mode of operation 
of the soil-packing equipment. It must be consistent with the overlap factor of the compaction 
zone [10, 11]. Soil moisture W has a significant effect on the characteristics of its compaction. 
Let’s believe that the compacted soil has an optimal moisture content Wo [12, 13].

The structural and force factors that significantly affect the soil compaction process under 
the pipelines include the geometric dimensions of the sealing surfaces, their relative position in 
the trench relative to the pipeline and the pressure they create on the compacted soil mass. Flat 
undeformed surfaces (blades) of rectangular shape are taken as working surfaces.

Determining the approach to the study of the stress-strain state of the soil mass under the 
pipeline, let’s note that in the elastic region the stresses are directly proportional to the value of 
the applied loads. With a known value of stresses in the soil mass from the action of each fixed 
pressure of the sealing blades on the soil, it is possible to determine the value of stresses for 
another value of the applied pressure to the soil mass [14, 15]. Thus, with a known stress in the 
soil mass under the action of a fixed pressure P created by the working surfaces, it is possible to 
find new stresses in the soil mass for other values of the applied pressure of the blades on the soil:

′ = ′ ⋅σ σ
P
P

, (5.11)

where Р – fixed pressure created by the blades on the soil mass; σ  – known value of stresses in 
the soil mass from the action of a fixed pressure.

 Fig. 5.5 Scheme of compaction of the soil mass under the main pipeline
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It follows from this that the pressure P created by the blades on the soil can be excluded from 
the number of variable factors.

Since the pressure on the soil from the blade is distributed evenly both along the length and 
along its width, the problem of determining the stress-strain state of the soil under the pipe in 
the direction along the pipeline can be considered as flat. Consequently, the stresses in the soil, 
when they are determined within the framework of flat surrender, will depend on the value of the 
pressure under the blades, regardless of the width of the blades B. On the other hand, under all 
equal loading conditions (fixed pressures), when the width of the blade changes, the stresses in the 
soil mass will change proportional to the width of the blade B:

′ = ′ ⋅σ σ
B
B

, (5.12)

where ′σ  – stress at an arbitrary blade width; σ  – stress determined for a fixed blade width.
Therefore, such a geometric parameter as the width of the blade B is also referred to as 

constant factors.
Combining formulas (5.11) and (5.12), let’s obtain the dependence of the stress σ′ for ar-

bitrary P′ and B′ at a known stress σ arising in a flat body with thickness B and a given load P:

′ = ⋅ ′
′
⋅σ σ

P B
PB

 (5.13)

Thus, on the basis of consideration and analysis of the factors affecting the stress-strain 
state of the soil under the pipeline, it was established that the unchanged (constant) ones should 
include: h = 3000 mm, bt = 4400 mm, bb = 2620 mm, Н = 820 mm, Dp = 1220 mm, qp = 14.3 kN/m, 
hd = H+0.5Dp, P = 10, µ = 0.37.

Consequently, the constant factors, the value of which must be determined experimentally, in-
clude: the compression rate Vl, the compaction delay time td, the compaction overlap coefficient Ko, 
the elastic modulus E, the optimal moisture content Wo.

In the process of studying the stress-strain state of the soil under the pipeline, it is necessary 
to determine the effect on the characteristics of the stress state of the following parameters: 
blade angle α, blade length L and width B, blade pressure P on the ground, distance l from blade 
to pipe, as well as distance S between blades (Fig. 5.6). Determination of the rational values of 
these factors and their interaction in the process of soil compaction is the main task of the study.

The essence of the study is to determine the effect of changes in the linear parameters L and 
B of the sealing blades, the pressure P they create on the ground, on the provision of the neces-
sary stresses in the soil mass under the pipeline, taking into account the parameters α, l and S, 
characterizing the position of the blades in the trench relative to the pipeline of a given diameter.

To construct a mathematical model of the stress state of the soil mass under the pipeline, 
let’s select the values of the variable factors characterizing the compaction process for the zero 
level and the limits of change of these values are the intervals of variation of the factors. The value 
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of the variation intervals is chosen based on the following considerations and requirements. The 
compression angle was chosen α = 90°...70°, based on the values of the angle of the prism of the 
soil massif under the pipeline, at which a sufficient stability coefficient of the massif will be ensured. 
When choosing the intervals for changing the linear parameters of the blades L and B, we leave, 
first of all, from the position of ensuring guaranteed non-damage of the pipeline insulation coating 
during soil compaction L = 450...650 mm.

Based on the results of studies of soil compaction with stamps, the recommended width of the 
stamp should be equal to half of its length, because it is with this ratio that the maximum depth 
of the active compaction zone, B = 225...325 mm, is achieved during the compaction process.  
In further studies, let’s take the value of the blade width to be constant and equal to B = 300 mm.

Since it is known that the depth of the core during soil compaction [13] is equal to two 
dimensions of the smaller side of the stamp [11], and taking into account the predicted increase 
in the active zones as a result of their overlap as a result of the oncoming motion of the sealing 
blades, let’s take S = 1200...1600 mm. The levels of the selected factors and the intervals of their 
variation are presented in Table 5.2.

 Table 5.2 Factor levels and intervals of their variation study of the stress state of the MP soil bed

Independent variables
Variation levels Variation  

intervals ΔiUpper +1 Basic 0 Low –1

X1 α, degree 90 80 70 10

X2 S, mm 1600 1400 1200 200

X3 L, mm 650 550 450 100

X4 l, mm 250 200 150 50

The design diagram of soil compaction under the pipeline is shown in Fig. 5.6. The geometrical 
dimensions of the investigated soil massif were determined on the basis of the dimensions bt, bb, 
h of the trench profile, built by the pipeline opening machine Dp = 1220 mm. The height of the soil 
massif under the pipe Н is taken in accordance with the size of the developed soil massif under the 
pipe Н = 820 mm.

The soil mass, compacted under the pipeline, is bounded by two inclined surfaces symmetrical 
about the vertical axis passing through the center of the pipeline, the positions of which are regu-
lated by the values of the compression angle X1 and the distance between the blades X2 (Fig. 5.7). 
It is accepted that the value of the parameter X2 is calculated horizontally, located relative to the 
lower point of the pipeline at a distance of 1/3H.

In this case, the mass of compacted soil is limited from the top of the generatrix of the pipe of 
a given diameter Dp, and from the bottom by the bottom of the excavated recess, which is located 
at a distance H from the lower point of the generatrix of the pipeline. Since the pipeline wall and 
trench walls have significantly higher elastic moduli than the compacted soil mass, they can be 
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considered undeformed surfaces. Therefore, in the zones where the compacted soil borders on the 
generatrix of the pipeline and the walls of the trench, it is legitimate to impose boundary conditions 
for the movement of the soil perpendicular to the undeformed surfaces.

 Fig. 5.6 Design scheme for determining the stress state  
of the soil mass under the pipeline

 Fig. 5.7 Results of calculating the stress state of the soil  
mass under the pipeline for typical experimental plans

Taking into account the above, for further research let’s take soil compacted isotropic in volume.
The sizes, which are determined (reviews) in the study, are equivalent stresses at the characte-

ristic points of the soil mass along the axis under the pipeline. Typical points are considered (Fig. 5.7):  
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Y1 – the magnitude of stresses in the soil mass in the area under the pipeline; Y2 – the value of 
stresses in the middle part of the soil massif at a distance of 1/2N from the pipeline; Y3 – the 
magnitude of stresses in the lower part of the massif at the level with the bottom of the trench; 
Y4 – the value of stress in the soil at a distance of 1/4H from the pipeline.

Determination of the rational values of the parameters X1...X4, B and P, their functional 
interdependence and influence on the stress state of the soil compacted under the pipeline made 
it possible to provide the necessary values of the soil compaction coefficients and the uniformity 
of its compaction.

The visual presentation of the results of calculating the stress state of the soil [8] under the 
pipeline using the finite element method made it possible to evaluate the influence of the interaction 
of compaction nuclei in the soil mass created by the blades of the working body, under the action 
of various combinations of values of the initial parameters that determine the compaction process. 
Typical results of calculating the stress state of the soil indicate that there may be combinations 
of initial parameters at which the expected effect of superposition of compaction nuclei is not 
observed, the stresses in the soil mass at different depths under the pipeline are insignificant, 
therefore, the coefficients of soil compaction remain minimal. The combination of the initial parame-
ters (Fig. 5.8) provides a more uniform soil compaction under the pipeline, which indicates the 
presence of the effect of the interaction of compaction nuclei in the soil.

Thus, it can be argued that by changing the combinations of the initial parameters that determine 
the process of soil compaction under the pipeline, it is possible to control the interaction of soil com-
paction nuclei, as well as to influence the value of the final indicators of this process [11, 12, 16–18].

As a result of processing the data of numerical experiments [10], in accordance with the 
folded matrix, mathematical models were obtained to determine the stress state of the soil at the 
characteristic points of the massif under the pipelines, which are predictive models. Their adequacy 
was confirmed by the Fisher test with a confidence level of 0.95 [11].
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Thanks to the predictive models (5.14)–(5.17), it became possible to control the process of 
interaction of the compaction nuclei by changing the linear dimensions of the blades, the parameters  
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of their installation, namely: the compression angle α = Х1, the distance between the blades S = Х2, 
the blade length L = Х3 mm, the distance from the blade to the pipeline l = Х4, blade width B.

Based on the solution of the system of equations (5.14)–(5.17), a rational combination of 
the output parameters of the soil compaction process under the pipelines was found: α = 75°, 
S = 1400 mm, L = 600  mm, l = 180 mm, В = 300 mm, as well as the dependence for the charac-
teristic points 1...4 of the change in the values of the compaction coefficients on the pressure of 
the blades on the ground is built (Fig. 5.8).

 Fig 5.8 The value of the pressure of the blades on the soil  
from the coefficient of its compaction

This made it possible to obtain the value of the pressure of the blades on the soil P = 0.2...0.35 MPa, 
at which the necessary values of the soil compaction coefficients under the pipeline will be provided 
within the range of Kу = 0.9...0.95.

Rational values of the parameters of the working body and operating modes under which the 
interaction of soil compaction nuclei under the pipeline is guaranteed, adopted for subsequent 
research and for use in the design of working equipment for soil compaction under the pipeline.

5.4 Discussion of research results

A certain model of the processing medium, based on a general view of the compaction pro-
cess, is characterized by three stages. This is at the first stage of compaction of a granular me-
dium (Fig. 5.1), at the second and third stages of compaction, an elastic-viscoplastic medium.  



5 Study of technical systems of materials compaction process

91

This important result requires a clear definition of the physical and mathematical model, which 
is suggested by equations (5.1). Further studies are required to determine the temporal as-
sessment of the course of these stages. Application of the idea of considering the «technical 
system – medium» system as a system that at any moment of movement consists of two com-
ponents. One is capable of storing energy that passes from one form to another (reactance), 
and the other is capable of dissipating energy (resistance). A certain significant influence of 
the components of resistance on the movement of a technical system (Fig. 5.4) testifies 
to the hypothesis put forward about the need to take into account the forces of resistance 
of the medium. A technical system is a system with discrete parameters, and a medium –  
with distributed parameters. In this case, this general system is reduced to a computational 
system in the form of a system with discrete parameters, in which the wave phenomena of 
the medium are preserved and are represented by a contact force. The obtained wave coef-
ficients (5.7) have general properties. They can be used in any equations of motion for such 
technical systems. This is the novelty of the method of analytical study of vibration systems for 
compaction of mixtures.

The presentation of the results of calculating the stress state of the soil under the pipeline 
using the finite element method made it possible to assess the influence of the interaction of 
compaction of nuclei in the soil mass. By changing the combinations of the initial parameters that 
determine the process of soil compaction under the pipeline, it allows to control the interaction 
of soil compaction nuclei, as well as to influence the value of the final indicators of this process. 
Based on the results of studies of soil compaction with stamps, the width of the stamp was de-
termined (B = 225...325 mm). Its value is equal to half of its length, since according to this ratio, 
the maximum depth of the active zone of compaction is achieved during the compaction process. 
A rational combination of the initial parameters of the soil compaction process under the pipe-
lines (α = 75°, S = 1400 mm, L = 600 mm, l = 180 mm, В = 300 mm) has been established under 
which the interaction of soil compaction nuclei under the pipeline is guaranteed.

Conclusions to Section 5

1. The model of the processing medium, characterized by three stages of compaction, has 
been determined.

2. The review and analysis of physical and mathematical models of the process of compaction 
of technological media has been carried out.

3. A model of the «vibration plant – medium» hybrid system is proposed, in which active and 
reactive resistances to wave coefficients are taken into account.

4. The results of calculations of changes in the parameters of vibration machines for the 
processes of compaction of concrete mixture have been obtained, confirming the implementation  
of accounting for the reactive and active resistance of the concrete mixture.
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5. Predictive mathematical models have been created to determine the stress state of the 
soil during compaction at the characteristic points of the massif under the pipelines, which make 
it possible to obtain rational values of the parameters of the working bodies for soil compaction.

6. Regularities of movement of technical systems for compacting concrete mixtures and soils 
and their rational parameters have been established.

7. An algorithm and methodology for calculating the main parameters of vibration systems for 
compaction of working media have been developed.
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