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Abstract.

Introduction. Concrete mix compaction is one of the most pressing topics in modern construction. Vibration compaction
is a key method used to ensure uniform distribution of concrete mix components and removal of air voids.

The process of manufacturing reinforced concrete products is complex and labor-intensive and requires significant re-
sponsibility and attention. The quality of compaction of mixtures affects the physical and mechanical properties of molded
products, including strength, water resistance, frost resistance and other important parameters. A correctly compacted mix
ensures uniformity of properties of finished products, accuracy of geometric shapes and good quality of its front surface.
The aim of this article is to study the existing works of the authors and identify the development area in the method of
assessing the density of concrete mixture during molding with the possible development of the device necessary for this.
Materials and methods. Concrete mix was chosen as the object of the study. Control of concrete vibration compaction
parameters requires careful planning, taking into account the type of mix, the shape of the structure and quality require-
ments. This section covers the development of a fundamentally new device “Shar-1".

Research results. The results of the development of a device for measuring the density of concrete mixture have been
successfully proved experimentally. The device makes it possible to evaluate the compaction of the mixture during the
forming process, recording data in real time and allowing further analyses of the concrete mixture compaction process.
This helps to improve the quality control of concrete mixtures at the stage of moulding, which is important for improving
the reliability and durability of concrete structures. The use of “Shar-1” simplifies and speeds up the testing process,
reducing the influence of subjective factors and increasing the objectivity of measurements.

Discussion and Conclusion. The section focuses on the difference between traditional research on control of concrete
mixture compaction and with the use of the device “Shar-1", which allows to measure the density of concrete mixture in
the process of moulding. The method allows to quickly obtain data on density, timely correct the technology if necessary.
It is planned to improve the device with additional functions in the future.
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OPMZMH(IJleOe amnupudecKkoe ucwzeéoeaime
MeTo/1 OLIeHKH TJIOTHOCTH 0€TOHHOI cMecH B npouecce (GopMOBaAHUS

C.B. Dquasan <, X.C. SIBpysiH
JIoHCKOM rocytapCcTBEHHBIN TeXHUUECKUH yHUBepcuteT, Poctos-Ha-Jlony, Poccuiickas deneparus
>4 spartak-edilyan@yandex.ru

AHHOTanMA.

Beedenue. YrnoTHeHHe OETOHHBIX CMecel SBISETCS OJHOM M3 HanOoee aKTyalbHBIX TEM COBPEMEHHOTO CTPOMTEIb-
cTBa. BuOpannoHHOe yNMIOTHEHNE — 3TO OAWH U3 OCHOBHBIX METOJIOB, HCTIONIB3YEMBIX I 00eCIIEYeHNSI PABHOMEPHOTO
pacIipeneneHns KOMIIOHEHTOB OETOHHOM CMECH 1 YAAJI€HHS BO3IYIIHBIX ITyCTOT. DTOT MPOLECC MO3BOJSIET JOCTHYb 00-
Jiee BBICOKOW IUIOTHOCTH M IIPOYHOCTH OETOHA, YTO, B CBOIO OUYEPENb, YIYUIIAET €r0 3KCIUTyaTallMOHHBIE XapaKTepH-
ctuku. [Iporece Mpon3BoACTBA KeIe300€TOHHBIX U3ACIHUI MPENCTaBIAET CO00H CIOXKHBIN U TPYJOEMKNH, TpeOyroIIuit
3HAYUTEIbHONW OTBETCTBEHHOCTH M BHUMaHMUS, nponecc. KauecTBo ymimoTHEHUs cMecel BIMseT Ha (PU3MKO-MeXaHHIe-
CKHe cBoOiicTBa ()OPMYEMBIX U3/ENHUI, BKJIIOYAsl IPOYHOCTH, BOJOHENPOHUIIAEMOCTb, MOPO30CTOHKOCTD U APYTHE BaXK-
HBIE TapaMeTpbl. BepHo ymioTHeHHas cMech 00ecrieunBaeT OJHOTHITHOCTh CBOMCTB T'OTOBOM POIYKITMH, TOUHOCTh I'€0-
MeTpH4YecKuX opM 1 Xopolliee KauecTBO €ro JIMIEBOi MOBepXHOCTH. Lleblo TaHHOW CTaThH SBISIETCS ONUCAHNE PAOOTHI
NPUHLIMIHAIEHO HOBOTO 000pynoBanus «lllap-1», HarpaBIeHHOro Ha COBEPLICHCTBOBAHNE METO/IOB OLIEHKH TNIOTHOCTH
OETOHHOM CMECH HEeTIOCPEICTBEHHO B Ipoliecce (GOpMOBaAHHMIO.

Mamepuanvt u memoosi. B xauecTBe 00beKTa Hcciae0BaHMU ObUIa BBIOpaHa OETOHHAS CMECh. YIIpaBICHHE Mapa-
MeTpaMH BUOPAIIMOHHOTO YIUIOTHEHUS OeTOHA TpeOyeT TIATENbHOTO INIaHUPOBAHMS ¢ YIETOM THIIA CMECH, (OPMBI
KOHCTPYKIIMN M TpeOoBaHUH K KauecTBy. MccienoBaHue BBIIOIHIOCH C MPUMEHEHHEM MPUHIUIHAIEHO HOBOTO
npubopa «Ilap-1».

Peszynomamul uccnedosanus. Pe3ynpraThl pa3paboTKu yCTpOHUCTBA JJIs U3MEPEHUS INIOTHOCTU OETOHHON cMecHu
YCHEIIHO J0Ka3aHbl HKCIIEpUMEHTAIbHBIM ITyTeM. [Ipubop mo3BosiseT olleHUBATh YINIOTHEHHE CMECH B Ipoliecce
(dopMoBaHusl, PUKCUPYS TaHHBIE B peaJbHOM BPEMEHH U MO3BOJISIS B JaJIbHEHIIEM aHAIM3UPOBATh MIPOLECC YIUIOT-
HeHUs OETOHHON cMecH. DTO CIIOCOOCTBYET yIyULICHHIO KOHTPOJISl KauecTBa OETOHHBIX CMeceil Ha cTaauu hopMo-
BaHUS, YTO BAYKHO JUIS MOBBIIICHUS HAJIEKHOCTH U JOJTOBEYHOCTH OETOHHBIX KOHCTPYKIMH. Vcrionp30Banne mpu-
6opa «lllap-1» ynporaer 1 ycKopsieT npouecc UCIBITAHUN, CHIKAs BIUSHNAE CyOb eKTUBHBIX ()aKTOPOB M MOBHIIIAS
00BEKTUBHOCTD U3MEPEHUI.

Obcyrcoenue u 3axnouenue. Pasien akueHTUPYeTCs Ha Pa3Indny TPAAUIMOHHBIX HCCIICAOBAHU 110 KOHTPOJIIO YIIOT-
HeHHs OeTOHHOW cMecH M ¢ ImpuMeHeHueM npubopa «lllap-1», KOTOpPHIHA MO3BOJAET U3MEPUTH IUIOTHOCTH OETOHHOI
cMecH B mpouecce GopMoBaHHUL. MeTo Mo3BoJIseT OBICTPO MOTyYaTh JaHHBIE O MIIOTHOCTH, CBOEBPEMEHHO KOPPEKTH-
pOBaTh TEXHOJIOTHIO IPH HEOOXOMUMOCTH. B nanpHeiIIeM ITaHHpyeTCs YCOBEPIIEHCTBOBATh NMPHOOP IOMOIHUTENb-

HBIMH (QYHKIUSIMH.
KiueBble c10Ba: OSTOH, JKeJie300€TOH, OETOHHAsI CMECh, YIUIOTHEHHE, BUOPOYIUIOTHEHKE, BUOPOILIOIIAAKA, KOTCOa !SI

s murupoBanus. DnwisH C.B., Aspysa X.C. MeTo] OIleHKH IDIOTHOCTH OETOHHOM CMecH B mporiecce OpMOBAHHUS.
Cospemennble meHOeHYUU 8 CMPOUMeNbemee, 2padocmpoumenscmee u nianuposke meppumopuii. 2025;4(2):67-74.
https://doi.org/10.23947/2949-1835-2025-4-2-67-74

Introduction. Vibration started being used for compacting concrete mixtures using pneumatic and ratchet vibration
devices in 1890. There had been no new scientific data on the topic until 1915. In 1915, studies of vibro-compacted
concrete and hand-made masonry accompanied with their comparative evaluation got underway causing new publications
for comparative analysis to emerge. The effectiveness of vibration forming of concrete products depends on whether
vibration modes and equipment parameters are chosen wisely. Telichenko V.I. and Vasiliev V.G. described a vibrating
table, which is a movable platform on spring-loaded supports with two vibrators creating directional vibrations transmitted
to the form and mixture [1].

However, lots of traditional concrete compaction methods might fail to provide the required quality, particularly while
working with rigid concrete mixtures, since these are most often either destructive or insufficiently fast, which restrains


mailto:spartak-edilyan@yandex.ru
https://doi.org/10.23947/2949-1835-2025-4-2-67-74
https://orcid.org/0000-0002-9746-9512
https://orcid.org/0000-0002-8901-5166

Modern Trends in Construction, Urban and Territorial Planning. 2025;4(2):67—74. eISSN 2949-1835

their use in mass production. It is to be noted that the quality of concrete directly depends on the degree of its compaction,
since this impacts the strength, durability and operational characteristics of structures.

In order to create strong and reliable concrete, it is critical to compact a concrete mix properly. This can be done by
using vibration, a movement that assists concrete particles in fitting tightly together.

Vibrating setups have a major role to play in compacting concrete mixtures, ensuring the removal of air and voids
from the mass of concrete, which causes a considerable increase in its strength and durability. If a mixture is sufficiently
liquid, even a slight vibration, for example, might be sufficient due to its own weight. For thicker mixtures, more powerful
vibration and, possibly, additional pressure are needed. Methods for optimizing the parameters of vibration setups, such
as the frequency and amplitude of vibrations, to maximize the efficiency of machines, as well as the analysis and im-
provement of designs of electric vibration machines with a longitudinal gap of a magnetic core were elaborated on in [2].

If a mixture is sufficiently liquid, even a slight vibration, for example, might be sufficient due to its own weight. For
thicker mixtures, more powerful vibration is needed. Owing to modern research, it is known that only 20—30 seconds is
enough for the initial compaction of concrete. During this time, the concrete particles are redistributed by gravity, forming
a solid and stable structure. As a result, the air is removed from a mixture, and eventually is not over 3—4% [3].

In the next stage, only a small combination of components is performed as some of the air is removed. The duration
of the second stage of technological conversion is longer than that of the first one and is 2—-3 minutes on standard vibrating
pads. The end of the second stage is based on that of compaction of a concrete mixture. Once it is over, the freshly laid
concrete can be considered ready to be processed further, as additional vibration causes no significant increase in the
density, strength or quality of its surface [4].

Vibration plays a major role in forming concrete, but its efficiency depends on a whole host of factors. Although the
vibration intensity might decrease as he source is moved away from due to the material properties and internal friction,
this opens up avenues for optimizing the process [5, 6].

The quality and strength of concrete directly depend on a proper technology of laying and compacting a concrete mix,
as these affect the uniformity of the material structure. By understanding how vibration waves propagate and interact in
a concrete mix, one is able to develop more effective compaction methods. Although vibration attenuation at a distance
from the source is a natural phenomenon caused by material properties and internal friction, it is not something impossible
to deal with. All of this would enable us to achieve a uniform concrete structure even in complex shaped products. Re-
search in this area is ongoing and we are sure that in the future the quality and efficiency of concrete products production
will be increased further [7-9].

Investigating the interaction of vibration with reflected waves and natural vibrations of concrete will allow one to
create optimal conditions for compaction even in complexly shaped products. The development of new vibration control
methods paves the way to increased production efficiency as well as life cycle of equipment, and creation of high-quality
concrete products [10].

Along with the modernization of equipment, scholars are working hard on a new method for assessing the quality of
a concrete mix which relies on its ability to resist delamination. This method makes use of a special coefficient that shows
how effectively cement is distributed in concrete. It is assumed that in a high-quality concrete mix, where all the compo-
nents are evenly mixed, water will wash out more cement with a slow flow than with a fast one. This will allow one to
quickly and precisely identify the quality of concrete and guarantee its strength and durability [11].

During the vibrational compaction of a concrete mixture, there are some mechanical effects leading to the permanent
destruction of the bonds between its constituent particles. This, in turn, helps to reduce the forces of friction and adhesion.
Due to its special consistency, a concrete mix is evenly distributed under the influence of gravity resulting in a homoge-
neous mass. In order to obtain the ultimate strength and durability of reinforced concrete products made from heavy
mixtures, high density must be attained. Scientists are striving to ensure that the actual density of concrete is almost
perfect. This is determined by the compaction coefficient, which should be at least 0.98, and preferably closer to a unit.
This method ensures the reliability and durability of reinforced concrete products [12].

For a long time, the effectiveness of concrete vibration compaction was believed to reach its maximum when the
particles of the concrete mixture are resonantly coupled to the vibration source. However, each fraction of the filler has
its own unique oscillation frequency. This implies that the optimal sealing effect can be attained via a multi-frequency
effect bringing all of the particles of a mixture into resonance. Self-synchronization is actually observed in a concrete
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]
mixture due to the binding effect of the cement paste uniting the individual grains of the aggregate. Therefore the effi-
ciency of vibration compaction can be increased by optimizing the operating mode of the vibrator, which helps to syn-
chronize the natural vibrations of the entire volume of a concrete mixture with the frequency of its operation [13].

The oscillation frequency determines the speed of movement of the particles of a concrete mixture. Changing the
frequency allows the speed and intensity of compaction to be controlled. For example, for denser concrete mixtures, a
higher oscillation frequency can be applied [14, 15].

Over the recent years, there has been a growing interest in optimizing vibration sealing parameters for increasing
production efficiency and reducing costs. There is thus a need for system analysis and control of vibration parameters
(frequency, amplitude, duration and exposure modes). In the future, this quality control method can be achieved by means
of developing an effective and accurate method for estimating the density of a concrete mixture directly during molding
improving the product quality and optimizing the production costs. This article looks at the main approaches to measuring
the compaction of concrete mixtures experimentally using the "Shar-1" device developed by the authors.

Materials and Methods. The control of vibration seal parameters calls for careful planning and control. It is necessary
to consider the type of a concrete mix, size and shape of the structure, as well as the requirements for the quality of
concrete. The use of a variety of methods and approaches makes it possible to attain the optimal results and ensure the
durability of concrete structures [16].

Vibration duration describes that of compaction. Time optimization makes it possible to achieve an even distribution
of a concrete mixture and eliminate voids and irregularities. An exposure to vibration which is excessively long might
cause the concrete mixture to separate, therefore a balance might be struck. Fig. 1 clearly shows the effect of the duration
of compaction on the strength of concrete. The strength does not increase over a short-term and long-term compaction
time, i.e., it is necessary to identify a point in time when the maximum compaction is recorded.
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Fig. 1. Effect of the duration of compaction on the strength of concrete

To understand the processes occurring in the concrete mixture during its compaction, we have developed a funda-
mentally new device "Shar-1" (Fig. 2, 3).
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Fig. 3. Internal components of the “Shar-1" device: 1 — rubber ball; 2 — metal tube; 3 — rubber tube; 4 — control panel; 5 — body;
6 — battery, 7 — power board

The main working body of the device is a rubber ball under pressure connected through a metal hollow tube and a
rubber tube to a pump in the control panel. Inside the rubber ball are a pressure sensor; a real-time clock; a vibration
sensor measuring amplitude and vibrations. The case contains an SD drive for recording parameters on a power board; a
battery for autonomous operation; a pump generating pressure in the ball for testing.

The pressure ball is at half the height of the metal mold, and this is when the process of compaction of a concrete
mixture gets underway. Based on the physics of concrete compaction, it is known that during vibrations large particles
tend to go down, and small ones go up respectively, which is called stratification. A ball under a certain pressure of 100
units placed in a mold starts contracting due to the pressure of a large fraction of a concrete mixture and reaches its
maximum value. The maximum value of the Shar-1 device is considered to be the one when there is an equilibrium during
compaction of a concrete mixture in the system, i.e., there will be no stratification. If there is one, theindices will start
declining rapidly, as there is no more the equilibrium in the system , and a large proportion of a concrete mixture will be
at the bottom, and a small (cement dough) fraction will be at the top. This indicates that the density between the upper
layer and the lower ones differs, i.e., aconcrete mixture has experienced stratification.
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Research Results. The development of the new "Shar-1" device is aimed at identifying the optimal quantitative indi-
cator reflecting the full degree of compaction of a concrete mix while maintaining its strength characteristics. In order to
identify this indicator, the working body of the "Shar-1" device is installed in a mold with a concrete mixture sequentially
intorduced. As compaction gets underway, the device identifies the pressure on the working body over time and records
the maximum values indicating the peak value of compaction of a concrete mixture.

The graph in Fig. 4 shows what the point of maximum compaction of the concrete sweep looks like through the course
of the experiments.

Pressure, Pa Point of maximum compaction

Time, sec

Fig. 4. Point of maximum compaction of a concrete mixture

The device is currently being tested and debugged. It is to be stressed that the use of devices capable of measuring the
degree of compaction of a concrete mixture is currently restrained. However, the introduction of this method and the
"Shar-1" device will be a breakthrough in concrete production technology with a positive impact on the economic growth
of enterprises.

Discussion and Conclusion. Ensuring high-quality compaction of a concrete mix is an important step in construc-
tion, which is of paramount importance for the strength of future structures.

While working on the manuscript, we investigated the work of lots of authors and found a promising field of devel-
opment, i.e., the development of a method for controlling the compaction of a concrete mixture during molding, which
was the inspiration behind a completely new device "Shar-1". This method of density estimation using the developed
device makes it possible to quickly obtain density data and allows for timely correction of compaction technology im-
proving the quality and durability of concrete products, as well as reduces test time as well as the cost of preparation and
measurement compared with traditional laboratory methods.

The mass use of this development in precast concrete production plants would involve an increase in the quality of
products, a reduction in the human factor, and thereby in the likelihood of frequent errors as well as the production costs.

We are planning to refine the device to a more ergonomic appearance and as it is tested further, additional functions
will be introduced to create an even more comprehensive and multifunctional device.
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3anenenHwvlil 6K1a0 ABMOPOE:

C.B. Dauisin: GopMHpOBaHUE SN U 3a4a49H UCCIICIOBAaHMSA, aHAIN3 PE3yNIbTAaTOB MCCIEeNOBaHUS, (HOPMUPOBAHHE
BBIBOJIOB.

X.C. sIBpysiH: Hay4HOE PYKOBOJCTBO, (pOpPMHPOBAaHNE OCHOBHOT'O KOHIIEIIIIMHU, IOPa00TKa TEKCTa, KOPPEKTUPOBKA

BBIBOJIOB.
Kongnuxkm unmepecog: agmoput 3a261110m 00 omcymcmeuu KOHQIUKmMa uHmepecoe.
Bce asmopui npouumanu u 0006pusiu 0KOHUAMENbHBLIL 6APUANRT DYKORUCH.
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