36ipHuk HaykoBux npanb. Cepisi: I'ay3eBe ManiuHoOy1yBaHHs, OYIiBHUIITBO

Academic journal. Series: Industrial Machine Building, Civil Engineering

http://journals.pntu.edu.ua/znp
https://doi.org/10.26906/znp.2019.52.1662

UDC 666.97.003.16

The research of the operating mode of the concrete mixture
plane depth compactor with a circular vibration exciter

Maslov Alexanderl*, Batsaikhan Janar®

! Kremenchuk Mykhailo Ostrohradskyi National University https:/orcid.org/0000-0002-8860-2035
* Research And Production Center «Mcpcgr», Mongolia  https://orcid.org/0000-0002-1506-5590
*Corresponding Author E-Mail: kmto.43@gmail.com

The paper proposes an essentially new design of a concrete mixture depth compactor made in the form of a vertical plate with
a circular vibration exciter mounted on its upper part. A design diagram of the «plane depth compactor — concrete mixturey»
dynamic system is presented and the vertical plate movement equations describing its linear vibrations in the horizontal plane
and torsional vibrations in relation to the center of gravity are provided. It has been determined the regularity of the vertical
plate motion during the compaction of concrete mixtures. The provided results of the research enable the substantiation of the
rational parameters of the plane depth compactor performing spatial vibrations and the efficient modes of the vibratory action
on the concrete mixtures of different consistence.
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3anpornoHOBaHa MPHUHIXIIOBO HOBA KOHCTPYKIsl TNTMOMHHOIO YIIUIbHIOBa4Ya OCTOHHHUX CyMilleil, 10 BUKOHAHA y BUIJISIL
BEPTUKAIBHOI BJIUTH, Ha BEPXHiil YaCTHHI sIKOT 3MOHTOBaHO BiOp030yIKyBau KpyroBHX KonuBaHb. ONMCAHO MPUHIMI Iii
IUIOIIMHHOTO TJIMOMHHOTO YIIiIbHIOBaya OeToHHHMX cyMimell. CkiaieHa po3paxyHKOBa CXeMa [JUHAMIYHOI CHCTEMH
«IUIOIMHHUH TTMOMHHUA yIIUIbHIOBaY — OETOHHE CEPEeJOBHILEY, B SIKIH OCTAHHE MPEICTABICHO y BUIVISAI HABEICHOI MacH i
HaBeZeHUX Koe(il[ieHTiB HENMPYXKHOTO 1 PYKHOTO OMOPiB. 3HalICHO MOMEHT iHepwii HaBeleHoI Macu GETOHHOT cyMilli 1o~
JI0 IIEHTPY Baru CHCTEMH, IO KOJIMBAETHCS. BU3HAUEHO iHEpHilHi, IPYKHI 1 HENPYXKHI CHIN OHOpPY OETOHHOI CyMmimIi, sIKi
JHIOTh Ha BEPTHKAJIbHY IUIUTY B IPOLECI X CHIIbHUX KoiuBaHb. CKJIajeHI PIBHAHHS PYXY BEPTHKaJIbHOI IUTUTH, SIKa KOHTAK-
Tye 3 OETOHHOIO CYMIIIIIIIO, 1[0 OMUCYIOTH ii MPSAMOIIIHIAHI KOJIMBAHHS B TOPHU30HTAIIBHIN IUIOMIMHI 1 KPYTHIIbHI KOJMBAHHSI
BIZIHOCHO LIEHTPY TSDKiHHS. PiBHSHHS pyXy BpaxoBYIOTH Mil0 iHEPUiIHHMX CHJI MIHOMHHOTO YIIJIbHIOBAYa 1 YUIIbHIOBAHOL
6eTOHHOI CyMilll, CHJT TIPY)KHOTO i HENPY)KHOTO OMOpPYy OETOHHOT CyMillli i CHIJI TepTsS HIKHBOT KDOMKH BEPTHKAIBHOT IUIHTH
npo 6eToHHY cyMilr a0o 0OCHOBY. BecraHoBiI€Ha 3aKOHOMIPHICT PyXy po0040i MOBEPXHi BEPTHKAIBHOI IUTUTH, 1[0 B3aEMOJIIE
3 GETOHHOIO CYMIIIIIIO B TOPU3OHTAJIBHOMY HANPSIMKY 1 BUKJIHKAE B IIbOMY OCTOHHOMY CEPEIOBHIII HOPMAJbHI HAIpPYyTH.
Tpu 1pOMY peati3yeThesi 3MiHHUIT aMILTITYJHO-4aCTOTHHI PEXXHUM PYXy BEPTHKAJIbHOI IUIUTH, 0 BHKJIUKAE B YIIIIBHIOBA-
JBHOMY ILapi MOLIMPEHHS MPYXHO-IUIACTHYHHUX XBHIb JeopMalliii, siki 3a0€31euyoTh CTBOPEHHS IMITYJIBCHOTO HaIpyKe-
HO-1e(hOPMOBAHOTO CTaHy, L0 3a0e3neuye eeKTUBHE YIIUIbHEHHS OCTOHHHMX CyMilleil IIIACTUYHUX 3 OCAJKOK KOHyca
OK-3,5 — 4 cm cywminreii, Tak i )opcTkux cymimeit xopcerkictio K=30 — 120 ¢ HaBeneni pe3yabpraTu AOCTIKEHb J03BOJIS-
I0Th OOIPYHTYBATH PalliOHANbHI MapaMeTPH MUIOIINHHOTO TIIMOMHHOTO YIIIbHIOBAYa, [0 3AiHCHIOE TPOCTOPOBI KOJIMBAHHS,
i edhexTHBHI pexkuMy BiOpauiiiHoi aii Ha OTOHHI cyMinTi pi3HOT KOHCUCTEHII.

KorouoBi c1oBa: momuHHNN NIMONHHUN YIUIBHIOBAY, OETOHHA CyMilll, BiOparliifHe yIIiIbHeHHS.
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Introduction

The depth (internal) vibration of concrete mixtures
takes less energy than vibration compaction by other
methods. Thus, it is topical to create simple, reliable
and highly efficient vibration machines for depth
compaction.

Review of research sources and publications

For internal vibration depth vibrators [1 - 4],
equipped with circular tips of various diameters, sub-
merged into the concrete mixture, is used.
They have a small radius of concrete mixture working
and are used for the compaction of plastic concrete
mixtures. To improve the productivity it is used pack-
aged depth vibrators with individual drives [5].
The design of these devices is rather complex and
they are used for very big volumes of concreting.
To improve the vibration efficiency the author of pa-
per [6], proposed a plane depth compactor performed
in the form of a vertical flat plate equipped with two
depth vibrators, each with an individual drive.
Big weight prevented this depth compactor from being
used in construction industry as a manual mechanism.
Moreover, all the depth vibrators are equipped
with planetary vibration exciters that quickly break
down [7].

Definition of unsolved aspects of the problem

In the process of the research it is necessary to sub-
stantiate the rational parameters of the plane depth
compactor of a simple design, high reliability and
provision of the compaction of concrete mixtures of
different consistence.

Problem statement

The purpose of the paper consists in the develop-
ment of a highly efficient plane depth vibration com-
pactor for concrete mixtures of different consistence.

Basic material and results

The proposed plane depth compactor (Fig. 1) con-
sists of a compacting plate made in the form of verti-
cal plate 1 with stiffening rib 2, bracket 3, rigidly
fixed to plate 1, and mounted on this bracket by means
of threaded joints 4 of circular vibration exciter 5 with
unbalance shaft 6.

The plane depth compactor operates in the following
way.

The operator turns on the plane depth compactor and
introduces vertical plate 1 into concrete mixture 7,
spread as a smooth layer. Under the action of circular
vibration exciter 5 the vertical plate performs complex
motions, arousing in the compacted medium the resil-
ient viscous plastic deformation waves with rather
high frequency. These deformations cause ultimate
destruction of the structural connections in the con-
crete mixture and transform it into thixotropic condi-
tion. They result in the intensive reorientation of the
mineral particles, the displacement of the air and the
formation of a more compact packing.

To determine the law of motion of the vertical plate
interacting with the concrete mixture in the operating

mode we consider the design model of the «plane
depth compactor — concrete mixture» dynamic system
(Fig. 1). The movements of the considered dynamic
system under the action of the circular vibration ex-
citer whose unbalance generate circular disturbing
force O have been analyzed. It has been decomposed
this force into two components: horizontal Q sin a¢
and vertical Q cos a¥ forces.

Under the action of horizontal force QO sin ax, the
vertical plate interacting with the concrete mixture
performs complex movements: linear movements in
the direction of coordinate axis X, passing via the cen-
ter of gravity C of the vibrating system and torsion vi-
brations about the center of gravity C.
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Figure 1 — The design diagram of

the «plane depth compactor — concrete mixture»
dynamic system

It is determined the vertical shift of the center of
gravity C of the vibrating system in relation to the
center of gravity of the concrete mixture O; from the
following dependence

_ m(05H%R)

m+mb

3 1)
where m — the mass of the plane depth compactor;

r — the distance from the center of gravity of the plane
depth compactor to the vertical plate upper edge coin-
ciding with the surface of the compacted concrete
mixture;
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my, — the modified mass of the concrete mixture deter-
mined depending on the method of vibration of the
concrete mixture: in half-space [8] or in the form [9].

In expression (1) sign plus is taken in parentheses if
the center of gravity of the plane depth compactor is
over the upper edge of the vertical plate, and sign mi-
nus if it is below.

In this case the movement of the vertical plate con-
tacting the concrete mixture can be described by the
following equation system:

— the linear movement in the horizontal plane in the
direction of coordinate axis X

d’x

(m+mb)?+bb%+cbxiFn,:Qsina)t; 2)

— the angular shift about coordinate axis Y
d*y
dr?
where x — the linear movements of the vertical plate
over the center of gravity of the vibrating system,;

w — the angular movements of the vertical plate about
coordinate axis Y, passing via the center of gravity of
the vibrating system;

my, by, ¢, — the values of the modified mass and modi-
fied coefficients of the concrete mixture elastic and
non-clastic resistances, determined according to the
method of the concrete mixture vibration: in half-
space [8] or in a form [9];

F,. — the force of friction of the vertical plate lower
edge against the concrete mixture or the base,

Ep=mg-f,, )

[ — the coefficient of the friction of the vertical plate
lower edge against the concrete mixture or the base;

J — the moment of inertia of the plane depth compac-
tor against the center of gravity C of the vibrating
mass,

J=J,+m(05H —ry,+7)°, (5)

J, — the moment of inertia of the plane depth compac-
tor against its own center of gravity Oy;
r —the distance from the axis of rotation of the unbal-
ance shaft of the vibration exciter to the center of
gravity of the vibrating system;
J, — the moment of inertia of the modified mass of the
concrete mixture against the center of gravity of the
vibrating system,
2
Jy =m,,?+m,,r32; 6)

(J+J,) +nbcii—l;/+k,,t//iM” =Orsinat; (3)

ky, ny, — the coefficients of torsional stiffness and non-
elastic resistance of the compacted medium at the an-
gular movements of the vibrating system against co-
ordinate axis Y,

ky =ky +kyys ny =my ;s (7

ki1, np; — the coefficients of torsional stiffness and
non-elastic resistance of the compacted medium at the
angular movements of the vibrating system against
coordinate axis Y at the section of height 4 = 0,5H-r3,

1] ]
2. 2.
ky = ey Fizi 3 my =D by, Fiz} s (®
p il

ki, nyy — the coefficients of torsional stiffness and
non-elastic resistance of the compacted medium at the
angular movements of the vibrating system against
coordinate axis Y at the section of height

hl = O,SH— rs,
nz 2 nz 2
kyy =D ey Fizi 3 myy =D by Fizi )

i=1 i=1

F; — the area of equal elementary sections with the
height division of the vertical plate,

Fi=F/(n +mny);
n;, ny — the number of the divisions of the vertical
plate respectively in its upper part at the section of
height 7 and its lower part at the section of height /;
Z; — the vertical distance from the center of gravity of
the vibrating system to the i-the marked element;
Cpy, b, — the values of the specific modified coeffi-
cients of the elastic and non-elastic resistances of the
concrete mixture determined according to the method
of the concrete mixture vibration: in half-space [8] or
in a form [9];
M, — the moment of the forces of friction of the verti-
cal plate lower edge against the concrete mixture or
the base,

M, =mg(H ~h)f,. (10)

Using the method of linearization of Coulomb fric-
tion [10], it is modified equations (2) and (3) to the
following form:

2

dx dx .
(m+mb)?+(bb+bS)E+cbx:Qsma)t; (11)
2
(J+Jb)d—lé/+(nb+ns)d—w+kbl//:Qrsina)t,(12)
dt dt

where b, — the equivalent coefficient of viscous fric-
tion in the direction of coordinate axis X,

_AF, 4 .
Y e A’

n, — the equivalent coefficient of viscous friction about
horizontal axis Y;

n. = 4MIV — qlﬂ .

Coade O’

A — the amplitudes of the vertical plate vibrations in

the horizontal direction about the center of gravity of
the vibrating system;

@ — the amplitude of the angular (torsion) vibrations
of the vertical plate about horizontal axis Y;

(13)

(14)

4F,

q, =—"; (15)
T
4M

G =—" . (16)
T

36ipHuK HayKoBHX Tpatb. Cepist: ['anmy3eBe MammHoOy 1yBaHHs, OyaiBHunTBo. — 1 (52)' 2019. 7




Based on the known methods of the classical theory
of vibrations [10, 11], it is found the solution to equa-
tions (13) and (14) in the following form:

x(t) = Asin(wt —¢,) ; (17)

w(t)=Dsin(wt—,), (18)

where ¢, — the angle of phases shift between the
amplitude of disturbing force Q and the movement
along x;

@, — the angle of phases shift between the amplitude
of the moment of the disturbing forces and the ampli-
tude of the angle movement;

0

A= . (19)
ey = (m+my)a* P + (b, +b,)’ &
®= o . Qo)
Ik = (J + J)@ T +(ny +n,) >’
o= arcth; (21)
¢, —(m+my )a)2
@, = arctg (n + 1, )0 (22)

ky—(J+J,)o°

Substituting dependences (13) and (14) respectively
in expressions (19) and (20), we obtain equations for
the determination of the amplitudes of the linear and
torsion vibrations of the vertical plate in the following
form:

A2+ 2Aq,bba) _
[c, —(m+my)w? ] +biw’
- Qz_qzrz T 2 -0 (23)
[c, —(m+my)o”]" +bjw
o2+ 2®q,,ny@ _
lky —(J +J,)0* 1 +njw?
22 2
Crdn o (24)

[k, —(J +J,)0° 1 +nj 0’
Solving equations (23) and (24), we find the final
values of the amplitudes of the vertical plate vibra-
tions taking into account the values of the equivalent
coefficients of viscous friction b,, and n;

1
A= -q,byo+
[cb—(m+mb)a)2]2+bga)2< 4%

+Ja2b2e” + M\ {[c, - (m+my)o* +b§w2}>; (25)

|
D= —q N0+
[k, —(J +J, )0 * + n2e> < b

g2 nia? + My {Tk, —(J + J,)0” ) +n§w2}> . (26)
where
M, :Qz_qrz; M2:Q2”2—q,2n-

We can represent the law of movement of the ver-
tical plate working surface interacting with the con-
crete mixture in the direction of coordinate axis X, and

causing normal stresses in this concrete medium,
based on expressions (17) and (18), taking into ac-
count expressions (25) and (26), in the form of the fol-
lowing functions

X, (z,)=x()+zp(t) at -(H-h)<z<h. (27)

Substituting the values of functions x(#) (17) and ¢(2)
(18) into expression (27) it is obtained the dependence
for the description of the law of the movement of the
vertical plate working surface contacting with the con-
crete mixture in the following form

X, (z,8)= A(Z)sin[ax +(2)] at —(H-h)<z<h, (28)

where A(z) — the amplitude of the movement of the
vertical plate working surface interacting with the
concrete mixture, depending on coordinate z,

A(z) = A2 + 222 4 240zcos(p — ;) 1 (29)

@(z) — the angle of phases shift between the ampli-
tude of the disturbing load and the amplitude of a cer-
tain point movement on the vertical plate with coordi-
nate z,

Asin @, + ®zsin g,

o(z) = arctg (30)

Acos g, + Dzcosp,

Considering expressions (13) and (14), it is modified
dependences (21) and (22) to the following form:

A
o = arctg—bbw+qr/ 75 €1y
¢, —(m+my)w
0, = arcig—"00F In/® (32)

ky —(J +J,)o°

The analysis of expressions (28 — 30) reveals that the
vertical plate of the proposed plane depth vibration
compactor performs spatial vibrations during its op-
eration. It provides efficient compaction of the con-
crete mixture due to alternating amplitude-frequency
action. This vibratory action causes normal stresses in
the compacted medium in the horizontal plane.
They determine the destruction of the structural con-
nections and result in the transformation of the con-
crete mixture into the thixotropic condition. In this
case the forces of internal friction in the mixture
sharply decrease due to the release of water, acting as
lubrication, into the inter-grain space. The air is dis-
placed out of the compacted mixture, the mineral par-
ticles reorient and approach each other forming a more
compacted packing.

The obtained dependences used for the functional
dependences determination of the concrete mixture
compacting process represented in the form of a half-
space is analyzed.

Fig. 2 shows the variation of the vertical plate vibra-
tions amplitude of the depth vibration compactor 4
and stresses o, occurring in the concrete medium of
different consistence at the place of the concrete mix-
ture contact with the vertical plate along its height, i.e.
from the upper edge of the vertical plate to its lower
edge. In Fig. 2 the origin of coordinates along the
height of the vertical plate superposes its upper edge.
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The data were obtained at the use of the above given
theoretical dependences for the depth plane compactor
with the following basic parameters: the depth com-
pactor mass — m = 4.93 kg; the amplitude
of the disturbing force of the vibration exciter —
0 =0.981 kN (100 kg); the angular frequency of the
forced vibration — ® = 292 rad/s; the distance from the
center of gravity of the depth vibration exciter O, to
the upper edge of the vertical plate — »; = 2.85 cm;
the moment of inertia of the depth vibration compac-
tor against the axis passing through the center of grav-
ity O, — J, = 0.0365 kg-m?; the height of the vertical
plate — H = 20 cm; the width of the vertical plate —
B =20 cm; the area of the vertical plate surface inter-
acting with the concrete mixture (at the bilateral con-
tact) — F' = 800 cm’.
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Figure 2 — The variations of the amplitudes
of movements A4 and stresses o, occurring

in the concrete medium of different consistence
at the place of its contact with the plane depth vi-
bration compactor depending on the coordinate

along the height of the vertical plate:
1 — at the slump of 3.5 — 4 cm;
2 — at mixture hardness H =30 s;
3—atH=60s; 4—atH=90s; 5S—atH=120s

The analysis of the given data (Fig. 2), obtained for
the final process of compacting, i.e. at complete com-
paction py, reveals that during the process of vibratory
compacting by the proposed plane compactor the con-
crete mixture is subject to the action of the alternating
amplitude-frequency vibration along the height.

This vibratory action results from simultaneous lin-
ear and torsion vibrations of the vertical plate.
The amplitudes change of the vibrations and stresses
during the compacting process depending on the mix-
ture relative deformation ¢ is also continuous. By way
of example, Fig. 3 shows the typical change of the
amplitudes of vibrations and stresses occurring in the
concrete mixture of the hardness of 60 s at the place of
its contact with the vertical vibration plate, depending
on relative density ¢. The farther the vibration source
is the lower and smoother the amplitudes of the vibra-
tions in the compacted medium and stresses in it are

(Fig. 4).
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Figure 3 — The variations of the amplitudes
of movements 4 and stresses g, occurring
in the concrete mixture of hardness 60 s
at the place of its contact with the plane
depth vibration compactor depending on
the concrete mixture relative density &
and coordinate z along the height of
the vertical plate beginning
with its vertical edge:
l-atz=0;2—atz=5cm;3 —atz=10 cm;
4—atz=15cm;5—atz=20cm

It is this ambiguous character of the vibration action
on the concrete medium that contributes to the effi-
cient destruction of the internal connections in the
concrete mixture, the reorientation of the mineral par-
ticles and air displacement with the formation of a
more compact packing. The obtained indices deter-
mine the amount of the energy put into the concrete
medium by the depth plane vibration compactor and
enable the determination of the law of the increase of
the concrete medium density during the process of its
compacting by the vibration action. They also enable
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the determination of the necessary duration of the vi-
bration action depending on the average values of the
amplitudes of vibrations and stresses in the concrete
medium, the consistence of the concrete mixture and
the distance of the propagation of the resilient-plastic
deformation waves providing the required compact-
ness.
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Figure 4 — The amplitudes variations

of movements 4 and stresses o, occurring

in the concrete medium of different consistence
at the distance of x =80 cm from the source

of vibration depending on the coordinate along

the height of the vertical plate beginning

from its vertical edge:
1 — at the slump of 3.5 — 4 cm;
2 — at the mixture hardness H=30s;

3—atH=60s; 4—atH=90s; 5S—atH=120s

Table 1 contains the values of the required duration
of compacting the concrete mixtures of different con-
sistence at the vibration processing length of x =80
cm. The total length of the vibration processing is 160
cm, as vibration processing is performed simultane-
ously by both the front and the end wall of the plane
vibration compactor.

The comparison of the data given in paper [8] and
Table 1 reveals that at the equal disturbing force the
proposed plane vibration depth compactor, performing
simultaneously linear and torsion vibrations, is more
efficient than the plane vibration depth compactor per-
forming only linear vibrations. The use of linear and
torsion vibrations enables to improve the productivity
of the plane depth vibration compactor by 1.62 — 2.32
times at compacting plastic and moderately hard con-
crete mixtures and by 1.35 — 1.38 times at compacting
hard concrete mixtures of the hardness of 60 — 90 s.

Table 2 contains the values of the required dura-
tion of compacting the concrete mixtures of different
consistence at the length of the vibration processing of
x =60 cm and the vibration plate width increased by
1.5 times — B=30 cm, i.e. at somewhat changed
parameters of the vibration depth compactor:

the mass of the depth compactor — m =15.57 kg;
the distance from the center of gravity of the depth vi-
bration compactor to the upper edge of the vertical
plate — »; =0.05 cm; the moment of inertia of the
depth vibration compactor against the axis passing
across the center of gravity — J, = 0.0486 kg-m?; the
area of the vertical plate surface interacting with the
concrete mixture (at bilateral contact) — F = 1200 cm®.

Table 1 — The values of the required duration
of the vibration process of compacting ¢,
concrete mixtures of different consistence
at the vibratory processing length x = 80 cm

Concrete mix- Slump=| H= | H= | H= | H=
ture  consis{ 3.5-4 | 30s | 60s | 90s | 120s
tence cm

Compacting 17.0 | 31.5 | 41.6 | 48.7 | 53.8
required

time, s

Table 2 — The values of the required duration
of the vibration process of compacting ¢,
concrete mixtures of different consistence
at the vibration plate width B =30 cm
and the vibratory processing length x = 60 cm

Concrete mix- Slump=| H= | H= | H= | H=
ture  consis{ 3.5-4 | 30s | 60s | 90s [ 120s
tence cm

Compacting 29.5 | 60.1 | 79.2 | 92.0 | 100.0
required

time, s

The analysis of the data given in Table 2 reveals that
the increase of the area of the interaction of the plane
depth vibration compactor by 1.5 times due to the in-
crease of the vibration plate width without the growth
of the amplitude of the disturbing force does not result
in a significant improvement of the productivity.
In this case it is possible to consider admissible
(Table 2) plastic concrete mixtures compacting with
the slump S = 3.5 — 4 cm and hard concrete mixtures
compacting of hardness 30 — 90 s.

Fig. 5 shows the change of the amplitude of the vi-
brations of the vertical plate of the depth vibration
compactor 4 and stresses o, occurring in the concrete
medium of different consistence at the place of the
concrete mixture contact with the vertical plate along
its height at somewhat changed parameters of the vi-
bration depth compactor: the mass of the depth com-
pactor — m = 5.57 kg; the distance from the center of
gravity of the depth vibration compactor O, to the up-
per edge of the vertical plate — r; = 0; the moment of
inertia of the depth vibration compactor against the
axis passing across the center of gravity O, —
J, = 0.0803 kg-m’ ; the area of the vertical plate sur-
face interacting with the concrete mixture (at bilateral
contact) — F = 1200 cm’; the height of the vertical
plate — H=30 cm.
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The data (Fig. 5) of the change of the amplitude and
stresses, occurring at the place of the vertical vibration
plate contact with the concrete mixtures of different
consistence, are given for the final stage of the com-
pacting vibration process when hardness p; is
achieved. Fig. 6 shows the change of the stresses oc-
curring in the concrete mixture at the distance of
60 and 80 cm from the vibration source.
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Figure 5 — The variations of the amplitudes
of movements 4 and stresses o, occurring
in the concrete medium of different consistence
at the place of its contact with the depth vibration
compactor vertical plate depending on
the coordinate along the height
of the vertical plate from 0 to 30 cm:
1 — at the slump 3.5 — 4 cm;
2 — at the mixture hardness H =30 s;
3-atH=60s;4—-atH=90s;5—atH=120s

The analysis of the data given in Figs. 5 and 6 re-
veals that the 1.5-time increase of the area of the verti-
cal plate interaction with the concrete mixture due to
the increase of the height changes the character of the
variation of the amplitudes and stresses to some de-
gree in comparison with other data stated above.
The farther the vibration source is the essentially
lower and somewhat smoother the amplitudes of the
stresses in the compacted medium are.

Table 3 contains the values of the required durability
of compacting the concrete mixtures of different
consistence at the vibratory processing length of
x=60 cm and x =80 cm, and at the vibration plate
height increased by 1.5 times — H = 30 cm.

It follows from Table 3 that the growth of the area of
the interaction of the plane depth vibration compactor
by 1.5 times due to the increase of the vibration plate
height without the growth of the amplitude of the dis-
turbing force does not result in significant improve-
ment of the productivity. In this case, it is possible to
consider admissible (Table 3) the compaction of plas-

tic concrete mixtures with the slump S = 3.5 — 4 cm,
and of hard concrete mixtures of hardness 30 — 90 s at
the processing length 60 cm and 30 — 60 s at the
processing length of 80 cm. To reduce the duration of
the vibration process at the increased area of the verti-
cal plate interaction with the concrete mixture it is rea-
sonable to increase the amplitude of the disturbing
force of the vibration exciter.
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Figure 6 — The variation of the amplitudes
of stresses o, occurring in the concrete mixtures
of different consistence at the distance
of x =60 cm (a) and x = 80 cm (b) from
the source of vibration depending on
the coordinate along the height
of the vertical plate beginning
from its vertical edge:

1 — at the slump 3.5—-4 cm;

2 — at mixture hardness H=30s;
3—atH=60s; 4—atH=90s; 5—atH=120s

Table 3 — The values of the required duration
of the vibration process of compacting ¢,
concrete mixtures of different consistence
at the vibration plate height H =30 cm
and the vibratory processing length
x =60 cm and x =80 cm

Concrete mix- Slump=| H= | H= | H= =
ture  consis{ 3.5-4 | 30s | 60s | 90s | 120s
tence cm

Compacting | 33 | 65 | 83 | 96 | 104
required 39 76 96 111 122
time, S

Note 1. The numerator contains the data obtained at
the vibratory processing length x = 60 cm, and the
denominator contains the data obtained at x = 80 cm.

Thus, it has been determined that the use of the
plane depth vibration compactor, simultaneously ac-
cepting linear and torsion vibrations, provides the effi-
cient compaction of concrete mixtures.
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Conclusions

It has been proposed a fundamentally new design of
a plane depth concrete mixture compactor made in the
form of a vertical plate equipped with a circular vibra-
tion exciter in its upper part. It has been presented a
design diagram of the «plane depth compactor — con-
crete mixture» dynamic system and determined the
regularity of the movement of the vertical plate con-
tacting with the compacted concrete mixture in the
operating mode. The obtained analytical dependences

enable to determine the efficient modes of the vibra-
tory action on the compacted medium in the form of
an alternating amplitude-frequency deformation of the
compacted medium. The presented research results
enable the substantiation of the rational parameters of
the plane depth compactor, performing spatial vibra-
tions, and the modes of vibratory action on the con-
crete mixtures of different consistence.
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