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Summary. Are examined and defined pat-

tern vibratory motion to form horizontal sur-
faces on the basis of the account of wave phe-
nomena and bias voltages. Given numerical 
values screeds and rheological characteristics of 
sealing concrete. 

Based on the analysis of the energy balance, 
motion qualities limits are defined. Analytical 
dependences for the estimation of main parame-
ters of the effective vibroimpact mode are sug-
gested as well as the motion stability layout of 
the analyzed system is cited. 

Key words: concrete mix, resonance, seals, 
vibration. 

 
 

INTRODUCTION 
 

In modern construction fate cast-frame 
method is increasingly used [1]. A large 
proportion of the implementation of this 
method is accompanied by the formation of 
horizontal surfaces where there is a problem 
of sealing. Of particular importance is the 
formation of horizontal surfaces in the ar-
rangement of underground garages, units, 
installations and maintenance of the build-
ing etc. In this paper we solve the problem 
to study the dynamics of surface vehicles of 
considerable length (l > 2...3 m) in terms of 
interaction with the manufacturing envi-
ronment. 

 
 

PURPOSE OF WORK 
 

Of surface compaction devoted a number 
of works [2-4]. In [2, 3] considered a dis-
crete model of the concrete mix. Significant 
theoretical research based on wave theory 
Concrete mixture ramming surface vibra-
tion are given in [4, 5], which revealed the 
basic laws of motion of this class of ma-
chines. The results [4, 5] is much deeper 
insight into the process of consolidation. 
Soil compaction over Vibration rammer 
dedicated works [6, 7]. Based on the results 
of the cited studies [4�7], a similar problem 
is solved based on the model of the envi-
ronment, taking into account the shear 
stress [8, 9], which is one of the effective 
compaction.  
 
 

RESULTS AND DISCUSSION 
 

Methodology provides premise that the 
concrete mixture, which is under the lining 
for the device horizontal surfaces are quasi 
homogeneous body. It is assumed that the 
concrete mixture is modeled flexible rod 
length h. Consider that at the core of the 
force of gravity, which causes it to longitu-
dinal oscillations. 

If we denote by u(x, t) displacement of 
the rod cross-section of abscissa x at time t, 
then the differential equation of forced os-
cillations of "lining � a layer of concrete 
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mix" considering energy dissipation is as 
follows: 
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concrete mixture having elastic modulus E  

and density γ
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which characterizes the energy dissipation; 
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� energy absorbed by the 

basic layer of concrete mixture over period; 
W  −−−−potential energy of deformation of this 
layer; g  −−−− acceleration due to gravity. 

Assuming that the concrete mix is an en-
vironment in which the generated elastic 
shear wave, and the surface of the lining is 
not separated from the surface layer of the 
concrete mix, the boundary conditions can 
be represented as follows: 
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where: Ax ≡0 � the amplitude of oscillation 

of the working body lining, ω� circular fre-
quency of its oscillations. 

We assume that the initial displacement 
and initial velocity is zero, then the initial 
conditions can be summarized as follows: 

 

0,0|
0

0 =
∂
∂=

=
=

t
t t

y
u                (3) 

 
To address the problem (1) � (2) can not 

apply the Fourier method, since the bound-
ary conditions (3) uniform. But this prob-
lem is easily reduced to a problem with zero 
boundary conditions (in which you can ap-
ply the Fourier method). 

Indeed, we introduce a supporting role: 
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It is clear that: 

 
0|),sin(| 00 =ω= == hxx wtxw    (5) 

 
The problem is now looking as the sum 

of: 
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where ),( txv  - new unknown function. Due 
to the boundary conditions (2), (5) and the 
initial conditions (3), the function ),( txv  
must satisfy the boundary conditions: 
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and initial conditions: 
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Substituting  now equation, we get: 
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or by virtue of (4), 
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In (10) and (11) introduce the notation: 
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Thus, we obtain the problem for the 
function ),( txv : 
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We will seek a solution to this problem 
as the sum of: 

),,(),(),( 21 txvtxvtxv +=          (15) 

where ),(1 txv  is a solution of the inhomo-
geneous equation: 
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Satisfying the boundary conditions: 

,0|;0| 101 == == hxx vv           (17) 

and initial conditions: 
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and ),,(2 txv is a solution of a homogeneous 

equation: 
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Meets the boundary conditions: 

,0|;0| 202 == == hxx vv            (20) 

and  initial conditions: 
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Decision ),(1 txv  is the forced oscillation 

layer of concrete mixture, and oscillations 

that occur under external exciting force, if 
the initial perturbations are absent. 

Decision ),,(2 txv is the free oscillation 
layer of concrete mixture, and fluctuations 
which occur only as a result of the initial 
perturbation. 

Using [3], we have to ),,(2 txv : 
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For ),(1 txv  can find a solution in the 
form of the following series: 
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The first term in (25) is a layer of con-

crete mix fluctuations, caused by the pres-
ence of gravity and magnitude of the effect 
of the working body surface lining for 
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placement of horizontal surfaces with zero 
initial conditions.  

The second term in (25) is a layer of 
concrete mix fluctuations, caused by the 
presence of non-zero initial conditions. 

Table 2, 3 presents values 1, −ω sk  for 

k = 1,2,3 and different values of h, m, а, 
m/s.  

In the case of resonance ( )kω=ω  the 

time during which an increase of the ampli-
tude of the movement in the layer of con-
crete mix is determined by the approximate 
relation: 

 

 

γω
= 2

.incrt  .                          (26) 

For typical values of ω  (see Tab. 1) and 
( ) .,3,0...1,0 incrt=γγ  is (0.01…0.02) s. 

As a result of solving the problem of sur-
vey was requested and made screeds l = 2 m, 
l = 3 m and l = 4 m, are put into production. 
Specifications of screed l = 3 m and l = 4 m 
are shown in Tab. 2. 

 
 

Table 1. The numerical values 
  

a = 20 m/s a = 40 m/s a = 60 m/s 
k k k h, m 

1 2 3 1 2 3 1 2 3 
0,1 228,3 125,7 188,5 125,7 251,3 377,0 188,5 377,0 565,5 
0,15 218,9 237,8 125,7 237,8 167,6 251,3 125,7 251,3 377,0 
0,2 314,2 228,3 242,6 228,4 125,7 188,5 242,6 188,5 282,8 

 
 

Table 2. Specification screeds 
 

Perfomance, 
m3/h 

Mass, kg 
Para- 
meter 

l = 2 m l = 3 m 

Oscil-
lation 
fre-

quency 
rad/s 

Static 
moment, 

kg×m 

Power, 
kW 

Dimensions, 
l×b×h 

l = 2 m l = 3 m 

The nu-
merical 
values 

60- 180 90-270 314 

0,046; 
0,058; 
0,072; 
0,092 

0,6 2(3)×0,4×0,27 52 72,8 

 
 

For determination of the energy is neces-
sary to make the equation of energy balance, 
for this work  A , performed by external force  
F(t) at time T, equivalent to the total dissipa-
tive energy losses in the system at the same 
time [10]. These losses consist of: viscous 
losses in the nodes of the machine; dissipa-
tion of energy when hitting the limiter of 
oscillations; the energy lost to seal the con-
crete mix for the period of oscillation T. 
Based on these assumptions, we can write the 
expression for work: 
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k

T
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2
0 ....

1

 &
      (27) 

where R � factor recovery rate when hitting 
the limiter of oscillations; kA  � kinetic en-

ergy of the form with concrete mix before 
hitting of the limiter of oscillations;  

[ ] ( ) ek cxmmA νδδ τ′+= ;2/1
2
&  −−−− equivalent 

stiffness losses in viscoelastic vibration 
nodes of machine; δA  � average height h mix 

work for the period T, which lost in the con-
solidation of this mixture. 
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Assume designations: 

.... peqposteqe ccc ++=η νµ             (28) 

Find work δA  in accordance with the equ-

ations of motion of the mixture and expres-
sion for the contact force [10]. Elementary 
work .. friceqF  of friction in the mix: 
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The first term that depending brackets 
(30) describes work in elementary layer of 
concrete mix, which is connected with its 
deformation, and the second term − with the 
movement of a single layer. The average 
value of losses on the height of the product in 
one period of the movement (30), we obtain 
the expression: 

 

.
),(

11

0

2

0

2

00







∂∂
∂γ

+






+

∂∂
∂γ

=

∫

∫∫∫

δ

δ
δ

T

hTh

dt
dt

du

ty

tyu

dy
dy

du

ty

u
dtdy

hT
A

  (31) 

In consideration of equivalent (average) 
values of amplitude after simple transforma-
tions (31) we have: 

∫ δδ = T
dtxnA

0
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The formula (33) is much simpler if you 

accept some conditions. For example, for  
| z | >> 1: 
 

;
2

1

π
β

⋅γ= δδn                     (34) 

for | z | << 1: in general terms ).(hfn =δ  

Thus the energy balance equation can be 
folded in a way that limits the possible vibra-
tion amplitude will be determined by the up-
per −−−− viscosity effects, and bottom −−−− the 
shock dissipation. In the case under consid-
eration, vibration resistant operation will be 
when ω=ω .av : 
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In the case of abruption vibrator and mix-
ture 21>ξ  is selected from those provi-
sions, leading to shock-vibration mode in the 
system and then had realized one hit in one 
period of movement. 

When conditions (35) the average of the 
amplitude of vibration will be determined 
from the following relationship: 
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where ( ) ( )[ ].1/12 1 RmRc +−π=∗  
Calculations by the formulas (35) in rela-

tion machines for seal concrete mix give 
range for values: 0,6 ≤ q ≤ 1,5  and 

5,24,1 ≤ξ≤  [7]. Thus for the criteria q, 
which determines the balance of power, the 
value q ≈ 1,0...1,5 corresponds criteria , 
which has the value ξ = 0,8..1,3. This is the 
first (Fig. 3) zone of stability, which in terms 
of selection parameters more suitable in cer-
tain accurately mass characteristics. This area 
is sensitive to changes of mass in the process 
of movement of the shock-vibration installa-
tion. The zone of stability at 7,0...6,0≈q , 
which corresponds to 5,2...0,2=ξ , requires 
less power loss, but the amplitude spectrum 
may decrease, which follows from the analy-
sis of the formula (36). Map of stability 

(Fig.1), built for a wide range of parameters, 
confirms the possible existence of several 
zones (at least three for installation of form-
ing units) of stability. 

In Tab.3 are shown numerical values of 
performance parameters of vibration-shock 
process to determine their effect at the time 
of impact .impt . 

Calculations that are made for resulted pa-
rameter values (see Tab.1) show that for the 
acceleration coefficient ( )ga 5...4max =  at 

coefficient of restoration of speed Kv= 
0,3…0,4 time of impact is equal to 

( )stimp 01,0...015,0. = , that is for the fre-

quency, 1157 −=ω s  ratio 238,0...358,0=τ
T

 

which determines the effect of intense accel-
eration on the process of compaction. An 
important characteristic that affects the pa-
rameter TK t /τ= , as at the time of contact 

is coefficient of stiffness. 
 
 
 
 

 
 

 
 

 
Fig. 1. Map stability of motion of the shock vibration systems: 1 − first zone, 2 − second zone, 
3 − third zone 
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CONCLUSIONS 
 

1. In the case of application of vibration im-
pacts are commonly used to determine the 
dependence of the calculated viscosity re-
quire considerable refinement: necessary 
to account for vibration, and in some cases 
the inertial forces of resistance fluctua-
tions. 

2. To ensure that the products of good qual-
ity (horizontal surface), where the pres-
ence of cavities and shells kept to a mini-
mum, you must set the mode vibro-
formation concrete mixes, which are in-
herent limitations to the vibration ampli-
tude. 

3. The basic laws of motion of a concrete 
mixture is compacted surface lining in the 
process of improvement of concrete hori-
zontal surfaces, methods of mathematical 
physics, and held valid in terms of ma-
thematics, the procedure for obtaining 
general solution of equations, allowing 
full use of the Fourier method. 

4. Dependences should be used in the im-
provement and refinement of engineering 
calculations such systems in order to op-
timize them and to improve the quality 
furnished horizontal surfaces. 

5. Formulated energy balance, realizing the 
impact-vibration mode mixed discrete-
continuous system of movement. 

6. Getting analytical dependences for defini-
tion of rational parameters of workflow 
and new different from main resonance, 
movement stable zones of contribution of 
higher harmonics. 
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ОПРЕДЕЛЕНИЕ ОСНОВЫХ ПАРАМЕТРОВ 
ВИБРАЦИОННЫХ УСТАНОВОК ДЛЯ 
УПЛОТНЕНИЯ ГОРИЗОНТАЛЬНЫХ 

ПОВЕРХНОСТЕЙ 
 

Аннотация. Рассмотрена и определена за-
кономерность движения виброустановки для 
формирования горизонтальных поверхностей 
на основе учёта волновых явлений и напря-
жения сдвига. Приведены числовые значения 
параметров виброрейки и реологических ха-
рактеристик уплотняемой бетонной смеси. На 
основании рассмотрения энергетического 
баланса энергии определяются ограничения 
на параметры движения. Предложены анали-
тические зависимости для расчёта основных 
параметров эффективного виброударного 
режима и приведена карта устойчивости дви-
жения исследуемой системы. 
Ключевые слова: бетонная смесь, резо-

нанс, уплотнение, вибрация. 

 

 


