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PURPOSE OF WORK
Summary. Are examined and defined pat-

tern vibratory motion to form horizontal sur- Of surface compaction devoted a number

faces on thedbsas of tlhe acco(t;nt of wave phel- of works [2-4]. In [2, 3] considered a dis-

C;{Sggzc?el s ;?% %Oet;gei%al C'%’zpac?é’r?;‘aggif crete model of the concrete mix. Significant
9 theoretical research based on wave theory

sealing concrete. C i it . f i
Based on the analysis of the energy balance, oncrete mixture ramming surtace vibra-

motion qualities limits are defined. Analytical 0N are given in [4, 5], which revealed the
dependences for the estimation of main parame- basic laws of motion of this class of ma-
ters of the effective vibroimpact mode are sug- chines. The results [4, 5] is much deeper
gested as well as the motion stability layout of insight into the process of consolidation.

the analyzed system is cite_\d. Soil compaction over Vibration rammer
_ Key words: concrete mix, resonance, seals, dedicated works [6, 7]. Based on the results
vibration. of the cited studies [Z], a similar problem

is solved based on the model of the envi-
ronment, taking into account the shear
INTRODUCTION stress [8, 9], which is one of the effective

_ compaction.
In modern construction fate cast-frame

method is increasingly used [1]. A large

proportion of the implementation of this RESULTS AND DISCUSSION

method is accompanied by the formation of

horizontal surfaces where there is a problem  \ethodology provides premise that the
of sealing. Of particular importance is the concrete mixture, which is under the lining
formation of horizontal surfaces in the ar- for the device horizontal surfaces are quasi
rangement of underground garages, units, homogeneous body. It is assumed that the
installations and maintenance of the build- ¢gncrete mixture is modeled flexible rod

ing etc. In this paper we solve the problem length h. Consider that at the core of the

to study the dynamics of surface vehicles of tgrce of gravity, which causes it to longitu-

considerable length & 2...3 m) in terms of  (inal oscillations.

interaction with the manufacturing envi- If we denote byu(x, t) displacement of

ronment. the rod cross-section of abscissat timet,
then the differential equation of forced os-
cillations of "lining - a layer of concrete
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mix" considering energy dissipation is as Indeed, we introduce a supporting role:
follows:
. . X
W(X,1) = Xg sin(wt) — Xg sin(wt) — =
2u(xt) 1 d2u(xt) ra @ (1) = X sinfwt) = xo sin(t) @
2 24 2 ; :
ox°  c(+iy) ot = Xg sm(cot)(l—%)

62u 62u . ; .
where — and — - under acceleration Itis clear that:

dt? ox?
mixture and the second derivative of strain W|y=0= Xg Sin(wt), WwW|y=h=0 (5)
s=%;i =,/—1 c- velocity of longi-

X

. . The problem is now looking as the sum
tudinal waves propagating in a layer of .

concrete mixture having elastic modulks

and density p,c:\/E;y - loss factor, u(xt) =v(x.1) +wx.t), 6)

P
which characterizes the energy dissipation; Where v(x,t )- new unknown function. Due
y= AW AW - energy absorbed by the to the boundary conditions (2), (5) and the

21T W initial conditions (3), the functionv(x,t )
basic layer of concrete mixture over period; must satisfy the boundary conditions:
W —potential energy of deformation of this
layer; g — acceleration due to gravity. Vlx=0=0; V[x=h=0, (7)
Assuming that the concrete mix is an en-

vironment in which the generated elastic and initial conditions:
shear wave, and the surface of the lining is

not separated from the surface layer of the Vh-o=Ubk-o ~W==0. (8)
concrete mix, the boundary conditions can
be represented as follows: ov|  _ou _ow  _
Otlo Otlio Ol
Uler=OU o= X sin@),  (2) ©

X X
==X + WXg — = —WXg (1 ——).
. _— h h
where: x, = A- the amplitude of oscillation

of the working body lininge- circular fre- Substituting now equation, we get:
quency of its oscillations. 2 2 2 2
We assume that the initial displacement a—; =a’ a—;/ +g+ a® 0_\2N - 6_\2/v (10)
and initial velocity is zero, then the initial ot oX [0)4 ot
conditions can be summarized as follows: or by virtue of (4),
G 2 v
Uleo=0.2] =0 © OV_a2%Vigixy, @)
Otli=0 ot ox
To address the problem (1)2) can not where:
apply the Fourier method, since the bound- ~ _ 2 . X
ary conditions (3) uniform. But this prob- g(xt)=g-wxo sm(oot)(l—ﬁ). (12)
lem is easily reduced to a problem with zero , )
boundary conditions (in which you can ap- In (10) and (11) introduce the notation:

ply the Fourier method).
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(13) that occur under external exciting force, if
the initial perturbations are absent.

Decision v, (x,t),is the free oscillation

layer of concrete mixture, and fluctuations
which occur only as a result of the initial

a2 = C2 (l+ Iy)

Thus, we obtain the problem for the
function v(x,t):

a_ZV =a? a_ZV +G(x.1) perturbation.
ot 2 Ox2 Y Using [3], we have tor,(x,t),
Vlx=0=0; V[x=h=0, (14)
N0 kmat
Vli=0=0; Lo/ —WXq (1—5), va (1) =2 o (ak CO{T} +by
Otli—o h
. kmat |, . | kmnx
We will seek a solution to this problem  [*SIN h )sin h )
as the sum of: (22)
VD= HR(60, (15) |4 =0 by :éx
where v,(x,t) is a solution of the inhomo-
. h Xy | .| kX
geneous equation: XJO{— WX (1—3)} sm{T}dx.
92 % | -
\;1 =a? \;1 +g(x,1t). (16) For v,(x,t) can find a solution in the
ot 0x form of the following series:
Satisfying the boundary conditions:
o) . knx
V1 Ix=0=0; V1Ix=h=0, (17) V(X 1) =3 Tk (t) SIIr1(T).
and initial conditions: (23)
ov where,
vik=0=0 —F =0, (18)
t=0
Te() = 2
and v,(x,t),is a solution of a homogeneous k hooy
equation: x[ar [} Gx)sinfo(t-r)]x  (24)
0%v, 0%, KTE kma
= . 19 xsinC=)dg, W =——.
ikl (29) CodE, ==
Meets the boundary conditions: © KX
v(x,t) = Zklek (t) S'”(T) +
V2 |x:O= O’ V2 |x:h= O’ (20)
and initial conditions: + Zk:]_{ak CO{T} +y SIH{T}} x (25)
15
X sin T .
V2 lt=0=0,
ov| X (21) The first term in (25) is a layer of con-
tho = ~0Xo ﬁ)' crete mix fluctuations, caused by the pres-

ence of gravity and magnitude of the effect

Decision v, (x,t) is the forced oscillation of the working body surface lining for

layer of concrete mixture, and oscillations
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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 valuesk,s_1 for

k = 1,2,3 and different values &f m, a,
m/s.

In the case of resonandeo=wy ) the
time during which an increase of the ampli-

-2 (26)
yw
For typical values ofwc (see Tab. 1) and
y(y = 01...03)ti,r is (0.01..0.02) s.

As a result of solving the problem of sur-
vey was requested and made scrded® m,
| =3 mand = 4 m, are put into production.
Specifications of screeld= 3 m andl = 4 m
are shown in Tab. 2.

tincr.

tude of the movement in the layer of con-
crete mix is determined by the approximate
relation:

Table 1.The numerical values

a=20m/s a=40m/s a=60m/s
h, m k k k
1 2 3 1 2 3 1 2 3
0,1 228,3 125,7 188,5 125,7 251,3 377,0 188,59 377,0 565,5
0,15 218,99 237,8 125,7 237,8 167,6 251,3 125,71 251,3 377,0
0,2 314,2| 228,3 242,6 228,4 125,7 188,5 242, 188,5 282,8
Table 2. Specification screeds
Perfomance, Oscil- Mass, kg
3 H 1 1
Para- m'/h Ie]};[gn m%tr?]t;% ¢ Power, Dimensions,
meter [=2m |1=3m| quency kgxm kW Ixbxh [=2m|1=3m
rad/s
The nu- gggg
merical | 60- 180 | 90-270 314 0’0721 0,6 2(3)x0,4x0,2f 52 72,8
values 0.092
For determination of the energy is neces- T .
. A= +C +cC xdt +
sary to make the equation of energy balance, IO (C"e eq.post. * *eq. p-) (27)

for this work A, performed by external force , (7_ RZ)Ak + As
F(t) at timeT, equivalent to the total dissipa-

tive energy losses in the system at the samdereR - factor recovery rate when hitting
time [10]. These losses consist of. viscouge limiter of oscillations;A - kinetic en-
losses in the nodes of the machine; dissipgrgy of the form with concrete mix before
tion of energy when hitting the limiter Ofpitting of the limiter of oscillations;

oscillations; the energy lost to seal the con- 2 ,
: : At A =[mg +ms|x2(11)/2; - equivalent
crete mix for the period of oscillatiof. M M X"\T1)/ 4 Cve

Based on these assumptions, we can write tBéffness losses in viscoelastic vibration
expression for work: nodes of machinefy - average height mix

work for the periodrl, which lost in the con-
solidation of this mixture.
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-2z
Assume designations: ng = 2Ry V&€ (1( Z . 1}(
[1+e_zz] | 2li2rh  h
n = Cve * Ceq.post. * Ceq.p. (28) (33)
Find work A, in accordance with the equ- x (ezz - e‘zz)»_zi}
ations of motion of the mixture and expres- 12
sion for the contact force [10]. Elementary
work F, ¢ of friction in the mix: z= h(al + i[31)
—==—C0 arctg
a2u(y,t { }
dAg = Feq fric.du =5 —ayg,t Jaw 9 v1+v

1
where ys - coefficient characterizing energy B1 :%S'n{z arctg( V)}
loss in the mixture, \/1+ Y5

u(y,t) -moving in layers of mix. ' _ _
The formula (33) is much simpler if you

Because -,
du du accept some conditions. For example, for
du=—dy +—dt, |z|>>1:
dy dt
then (29) can be written: |
ﬁ 1
2 N3 =Ys : (34)
da, =Y U pdu g Uyl () 21
oy[ot |dy dt

for |z| << 1:in general termgy = f(h ).

The first term that depending brackets Thus the energy balance equation can be
(30) describes work in elementary layer ofolded in a way that limits the possible vibra-
concrete mix, which is connected with itgion amplitude will be determined by the up-
deformation, and the second ternwith the per — viscosity effects, and bottom the
movement of a single layer. The averagshock dissipation. In the case under consid-
value of losses on the height of the product ieration, vibration resistant operation will be
one period of the movement (30), we obtaiyvhen w,, = w:

the expression:
! dmrm) o

(6)
e
oy | ¢

8r[(nI +Ng )(1+ R 2

11 hy56 u du
h.[ody.[o {[O aya dy

2
N IT Y50 “u(y,t) du dt}_

(35)

0 dyot dt In the case of abruption vibrator and mix-

e £>1/2 is selected from those provi-
ions, leading to shoekibration mode in the
system and then had realized one hit in one
T ) period of movement.

As :Jo ngX“dt, (32)  When conditions (35) the average of the
amplitude of vibration will be determined
where: from the following relationship:

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

153



MYKOLA RUCHYNSKYY, ANDRIY ZAPRYVODA

2 0 Fig.1), built for a wide range of parameters,
__Fo 1—\/1—4q (N5 + in) € < gor?firr)ns the possible exigtenceIO of several
2(ng + oo w zones (at least three for installation of form-
<Ay < (36) ing units) of stability.
In Tab.3 are shown numerical values of
< Fo {1 + \/1— 4q2(n5 + nm)ECD} performance parameters of vibratisinock
" 2(ns + Ny Jw w process to determine their effect at the time

of impacttimy .

O_
wherec —_2”(1‘ R)/[my(L+ R)} ' Calculations that are made for resulted pa-
~ Calculations by the formulas (35) in relarameter values (see Tab.1) show that for the
tion machines for seal concrete mix giv§cceleration coefficientayay = (4..5)g at
range for values: 0,& q < 1’5. _and coefficient of restoration of spee&,=
14<8<25 [7]. Thus for the criteria G, 53 04 time of impact is equal to

which determines the balance of po.we'r, th?lmp. - (0,015__0101)& that is for the fre-
valueq = 1,0...1,5 corresponds criteria

which has the valué = 0,8..1,3. This is the quency, w=157s"1 ratio e 0,358..0,238
first (Fig. 3) zone of stability, which in terms . , T ,

of selection parameters more suitable in cefNich determines the effect of intense accel-
tain accurately mass characteristics. This arE§2tion on the process of compaction. An
is sensitive to changes of mass in the procgdPortant characteristic that affects the pa-
of movement of the shock-vibration installaf@meterK; =t/T, as at the time of contact
tion. The zone of stability ag=06... 07 is coefficient of stiffness.

which corresponds t¢ = 20... 25requires

less power loss, but the amplitude spectrum
may decrease, which follows from the analy-
sis of the formula (36). Map of stability

Ty
AW
1 \ §/>>>x

Fig. 1. Map stability of motion of the shock vibration sms:1 — first zone 2 — second zone,
3 - third zone
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Table &. Limits change of parameters of vibration-shoabcesss

. Dimensionless .
Accelgéesl'::g; in the coefficient Coeffrlgl:eor:/te?;speed Time of blow,
] H 1 -2
Al of res:sstance, K, t,, 107, s
3...10 0,045...0,3 0,3...0,8 1,5...1,95
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