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Abstract. Realization of the process of laying of liquid plasubstance on the vertical plane as
well as its compacting and packing with the useibfations is proposed. Content of air bubbles
in the compacted (packed) concrete is diminishesndtm the minimum due to the vibrational
action. Furthermore, destruction of the plasteel because of action of the frozen water
present in pores is reduced significantly due ®ititreased contact area of concrete with the
wall.
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Introduction

Vibratory engineering and corresponding technoledied more and more increasing
application in modern industry and everyday lifelbidtory engineering is widely used in
building industry. Namely, vibration plays decisik@e in production of the concrete building
construction of various forms and purposes, undgom of vibrations grains are located tightly
in the liquid plaster mass due to banishment obabbles existent therein, resulting in increase
of the plastic mass density several times. Thesgeoted concrete constructions possess much
greater strength, durability and reliability in éoipation.

Concrete mixture or plates placed on the vertigl without compacting and packing
contain great number of air bubbles, decreasingnbyt strength of the plastered layer but also
the area of its contact with the wall. This procisssignificantly amplified in the winter period
under negative temperatures. Concrete easily absaater through its pores, because of which,
due to expansion of the frozen water on the onel lzaml compression of the concrete on the
other hand, great stresses arise both in the ggavaterial and in places of its contact with the
wall. Consequently, structure of the plastered nwltés damaged (loosened) and it comes off
the wall prematurely as wall facing plates.

Despite of the above-mentioned aspects, presdhplaatering and coating works are
still based on hard physical work of a plastefgeréby not ensuring high strength and reliability
of the plastered layer.
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Physical and mechanical features and compositidiguid plastic soil, clay, concrete,
glass and other substances are different [1, R&juirement for degree of their condensing are
different as well. Therefore for each specific casaplitude and frequency necessary for their
perfect condensing will be different and for thdatermination supplementary research work
needs to be performed [6, 7].

Notwithstanding many theoretical and practicabeesh works, processes of location of
grain tightly and their relative displacement ir floose and plastic substances are not studied
yet completely, considering physical and geomepdcameters of vibrations and substances
under compaction [1, 7].

Series of assumptions adopted on the basis ofsisabf processes of compaction,
transportation, separation and others allowed usel@borate quite simplified concrete
mathematical models, providing us with expectedilteswith a comparatively satisfactory
precision.

Thus, for example, transportation of the loosetingrhiny substance on the vibratory
working member can be reduced to dynamics of mowmemieone grain provided that this grain
will be assigned elastic and friction features afitact of the whole of the heap of material with
the working member, of course, on condition thaicpss of relative displacements of grains is
existent in the heap itself. Or inversely, if wes anterested only in relative displacements of
grains, then for simplification of the researchsiexpedient not to consider displacement of the
grainy heap relative to the working member andhiisience on the dynamics.

Experimental research ascertained that highlytieldstails, for example, rubber moves
along the working member with sliding, practicalilythout loosing touch with the working
member. Here is a vertical component of the working member bred¢ion of the grain mass
center proceeding from elasticity.

The aforementioned is confirmed by the resultsaioed from both mathematical
simulation and experimental studies. For examplei whole technologic load on the working
member is presented by one grain having a greas,tfaen amplitudes of the vibrator are non-
stable. Instantaneous joining of the whole techgiclonass to the vibrator mass and loosing
touch with it causes the processes of getting @fthrator in the resonance and getting not of it
[1, 7, 8] Fig. 4. And if the same technologic maspresented by great number of grains, then
the vibrator operation is stable (Fig. 5) [4, 5].

In the research of the complicities (comprehensiveathematical model of
transportation of the loose and grainy substanaedirst sight, not very serious inaccuracy
remained unnoticed in series of works. Imitationtieé current shutting by semi-conductor
diode, or for the purpose of interruption of thegmetic tension was annulling.

Analysis of the magnetic flow [4, 5] has demontstiathat it is inadmissible to neglect
component bcosi), since in the result of this, equation of the metge flow will be transformed
into equation describing another physical procéssinductive electrical circuits current is
displaced by 90from voltage, or is behind it. In the result ath annulment of voltage, current
remains in the circuit by its maximum amplitudeuealduring the whole half a period and at
each following half-period its rise takes placet kampossible in reality. In reality for imitatio

of the current interruption process by the diodstead of annulling member bcae¥( equation
of the magnetic flow dumping must be substitutedttfie second equation of system (2), where
self-induction must be envisaged. And what is midrefluence of the technologic load (that is
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quite little) does not present interest of the aecle, then it is advisable to apply thoroughly
simplified model of the compelled force, as desediln works [1, 3, 4, 5, 8].

Numerical procedure
Concrete is a multi-phase substance (water, &ibles, cement and inert sand particles
of various density and size). According to worksZlLliquid and plastic concrete is considered

as a three-phase system, where all the componetitlgps have spherical forms and they are
homogeneously non-elastic. Equation of movemettethree-phase material has a form:

op.
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where Kj; is an interaction function between phasgslynamic factor of air bubblesy-
coefficient of surface tension on the border ofibasaterial and air bubbles;-Q@xternal mass
forces applied at unit masses of phase

For ascertainment of functions of separate tyesK;, (i=1, 2, 3) describing force

interactions between basic and small-dispersivesgmaaterials and assumptions are necessary
[1, 2]. Furthermore, for solution of system of efjpias (1) it is necessary to determine
additionally boundary and initial conditions acdogito action of external vibrations. It should
be noted that solution of this problem is fairhbda-intensive and practically depends on
subjective factors because of which two-phase [2jne-phase models are used in many cases.
A complete mathematical model of loosing touchhwitbratory working member of

the electro-magnetic vibrator and joining to it imgaan be presented for one grain in the
following form:

2
d—;( = —Zh%—w2x+ ag’;
dt dt

% =bcosw—c(5 - X)¢; )

gt*
S=g +Vt >
wheres is a trajectory of the grain, obtained by takingpiaccount vertical (due to elasticity)
and horizontal (due to coefficient of friction) aberation, corresponding to vibrations»fThe
working member is inclined by 2@elative to the vibrator.
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Results of analysis

Since under action of the vertical force, layefrshe heap of grains slide up and down
with respect to each other, becoming jammed aredfagain, then heap of dry loose grains
adopts certain plastic features. This multi-layeag consisted of grains moves on the working
member practically without loosing touch with itlp by sliding on it. Elastic and friction
connection between grainy layers can be present#kifollowing form (Fig. 1) [1]. Damping
value between layeis=0.9 and consequently free vibratory movement betwibem practically
is excluded.

Fig. 1. Connection between grainy layers Fig. 2. Model of the system

While in Fig. 2 presents a fairly simplified elastind friction connection existent between
grainy heap and working member, whergsya mass of the grainy heap.
Results of investigations are presented in Fig. 3-5

b2
[EN}

d)

Fig. 3. 1 - trajectories of a grain movement, 2 - ampktud the working member, 3 - oscillograph of the
magnetic flow: a) displacement of a grain withlmaising touch with the working member, b), c), djith
loosing touch with the working member
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Fig. 4. Amplitude-frequency characteristic
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Fig. 5. Soft characteristic of AFF determined by influelmé@onlinear forces of electric magnet and of
technology loading

Conclusion

In plastering of the vertical plane a special im@oce is assigned to stickiness of
plastic substance (of liquid concrete) since gediahal force is perpendicular to the supporting
and condensing forces. Gravitational force, instfaf@voring the process of condensing as it is
on the horizontal plane, is trying to throw theulidj concrete down and aggravate the process of
compacting and fastening of the plastered layertten vertical plane. Moreover, a force
developed due to vacuum generated between the ngpr&urface of the vibro-head and
concrete, at backward motion of the working memisetrying to tear away the concrete stuck
to the wall.

Theoretical and experimental research works haweomstrated that for packing of the
plastered substance load on the vertical wall amddned slightly, it is expedient that a working
vibratory head possessed minimum contact areacandled ends of a rotary cylindrical form is
desirable at amplitudes of 4-5 mm, meanwhile atlisamaplitudes of less than 1-2 mm, it is
possible to use a vibro-head with fairly large eohtarea thereby ensuring an acceptable
smoothness of the wall surface. Value of the ammiditdepends on thickness and density of the
plastered layer and state of the wall surface.dbdaining a plastered layer monolith with the
wall it is desirable to use a special devise haviagiers for restriction of lateral displacement
of the concrete liquid mass.

The essence of deep vibro-densing of grainy naselies in destruction of the multi-
phase liquid structure, banishment of the air enistherein and consequently in disposing of
grains tightly. Because of the above-mentionedsitigrand cohesion of the concrete structure
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not only increase, but also content of pores existethe concrete reduces practically down to
zero, while its contact area with the wall and, samuently, cohesion increases several times.
Due to lack of air bubbles, water-conductivity dfiet condensed concrete and water
accumulation therein drops sharply. Thus, the atrccompacted (packed) as a result of the

vibrational action is much more stable and its mesibn because of action of the frozen water is
reduced down to the minimum.
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