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Introduction. Using the example of the production of road concrete in the Rostov region, the article looks at the issues of
increasing the efficiency of the technology for preparation of concrete mixtures to ensure the normative indicators of the
physical and mechanical properties of concrete without increasing cement consumption and additional costs for recon-
struction of existing enterprises in the construction industry.

The aim of the study is to develop a set of prescription and technological measures to ensure regulatory requirements for
strength characteristics of concrete produced with the use of local raw materials with no technical re-equipment of existing
concrete mixing plants.

Materials and Methods. To this end, while conducting the experimental research, a local raw material base was used that
is widely available in the construction industry. The study aimed at developing prescription and technological measures
for improving the production efficiency of the road concrete under study was performed using standard methods for
assessing the normalized properties of similar materials, concrete mixtures and hardened concrete. In order to optimize
the parameters of the developed formulation and technological solutions, mathematical modeling methods of the stochas-
tic system under study based on the theory of experimental planning were applied.

Research Results. The developed innovative technology for preparing concrete mixtures enables an increase in the
strength of the concrete under study by 15-20%, or reduce cement consumption by 10-12% without a reduction in the
strength of the resulting material.

The results were achieved by means of developing a set of prescription and technological measures including introduction
of the suggested carbonate micronutrient and polycarboxylate superplasticizer into the concrete mixture in combination
with the developed two-stage method for preparing the concrete mixture.

Discussion and Conclusion. The novelty of the developed technology for preparing concrete mixtures is protected by an
invention patent. The results were achieved by means of the combined introduction of the developed limestone-shell filler
and superplasticizer ST 5.0 into the concrete mixture in combination with an innovative two-stage technology for prepar-
ing concrete mixtures.

Based on the general theoretical understanding of the structure formation of cement concretes as well as of their strength
properties, it is possible to extend the results of these studies to production of a broad range of monolithic and prefabri-
cated products as well as structures that are to comply with the regulatory requirements for not only compressive strength,
but also for tensile strength. Naturally, in each specific case, additional research will be required that would take into
consideration the specifics of the regional raw material base as well as the specifics of a particular enterprise in the
construction industry and its product range.
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AHHOTAIIMA

Beeoenue. B crathe Ha mpuMepe MPOU3BOICTBA TOPOXKHOTO OeToHa B POCTOBCKOI 001aCTH pacCMOTPEHBI BOIIPOCHI I10-
BBILIEHUs 9((PEKTUBHOCTH TEXHOJIOTHH NPUTOTOBIICHUSI OETOHHBIX cMecei, oOecreurBaloieii HopMaTHBHbIE MOKa3a-
TeNn (PU3UKO-MEXaHUYECKUX CBOWCTB OeTOHA 0e3 yBEeNMUYEeHHUs pacxo/ia EMEeHTa U JIOTIOJIHUTEIBHBIX 3aTpaT Ha PEKOH-
CTPYKLMIO JEHCTBYIOIIUX MPEINPHATHA CTPOUTENEHON HHAYCTPHH.

Lenb POBEICHHBIX UCCIEAOBAHUNA — pa3paboTKa Y3PPEKTUBHBIX PELENTYPHO-TEXHOJIOTHICCKAX MEPOTIPHATHI, o0ec-
MICYNBAIOIINX HOPMATHBHBIE TPEOOBAHNUS K IPOYHOCTHBIM ITOKA3aTeNsIM OETOHA, N3rOTaBIMBAEMOT0 HA OCHOBE MECTHOH
CBIPbEBOH 0a3bl 0€3 TEXHUUECKOTO NEPEBOOPYKEHHUS AEHCTBYIONINX OETOHOCMECHTENBHBIX 3aBO/IOB.

Mamepuanst u memoOst. J]Jis1 NOCTYKEHNS TIOCTABICHHON B paboTe LENH NPY NPOBEICHNH 3KCIIEPUMEHTAIBHBIX CCIIE 0~
BaHWII MCIOJIB30BaHA MECTHAs ChIpbEBas 0asa, HOCTyMHAs A MHUPOKOTO0 NPUMEHEHHUS Ha TPEANPUSATUSIX CTPOUTEIHHON
uHaycTpun. MccnenoBanus, HarpaBieHHbIE Ha Pa3paboTKy pelenTypHO-TEXHOJIOTHYECKUX MEPOIIPUATHI MO MTOBBINICHHIO
3¢ (EeKTUBHOCTH MPOU3BOACTBA HCCIEIYEMOTrO JOPOXKHOTO OETOHA, BBIMOJIHEHBI C MPUMEHEHUEM CTaHAAPTHBIX METOAMK
OLICHKH HOPMHUPYEMBIX MOKa3aTeseld CBOMCTB CXOJHBIX MaTepHaloB, OETOHHBIX CMECeH 1 3aTBepeBLIero 6erona. J{is on-
TUMH3ALUH TapaMETPOB Pa3padOTaHHBIX PELIENTYPHO-TEXHOJIOTMYECKUX PEIICHUH TPUMEHEHBI METO bl MATEMaTHYECKOTO
MOJICTTHPOBAHMSA HCCIIEAYEMOM CTOXaCTHUECKOM CHCTEMBI Ha OCHOBE TEOPHH IUTAaHUPOBAHHUS SKCIIEPUMEHTA.

Pesynvmamur uccnedoganusn. PazpaboranHas HHHOBAIMOHHAS TEXHOJIOTHS IPUTOTOBIICHHS OCTOHHBIX cMecel obecredn-
BaeT BO3MOXHOCTB Ha 15—20 % MOBBICHTH TPOYHOCTHBIE NTOKA3aTEIH HCciegyeMoro 6eTona, oo Ha 10-12 % yMeHbImuTh
pacxof [ieMeHTa 0€3 CHIDKEHHS IIPOYHOCTH MOJIydaeMOro MaTepuara.

[Nomy4yeHHbIe pe3yIbTaThl HOCTHTHYTHI 38 CYET Pa3pabOTKH KOMIUIEKCA PELENTypPHO-TEXHOJIOTHYECKUX MEPONPUSITHH,
BKJTIOYAIOIIETO BBE/ICHNE B OCTOHHYIO CMECh MPEUIOKEHHOT0 KapOOHATHOTO MUKPOHATIOJIHHUTES U MOINKapOOKCHIATHOTO
cynepruiacTudukaropa B COYETaHHU C pa3pabOTaHHBIM JIBYXCTAIMHHBIM CIIOCOOOM NMPHUTOTOBJICHUS OETOHHOM CMECH.
Obcyscoenue u 3akniouenue. IHHOBAIIMOHHAS HOBU3HA pa3pab0TaHHOM TEXHOJIOTHUH MPUTOTOBIIEHUSI OETOHHBIX CMeCei
3allIMIIeHa NaTeHTOM Ha n3ooperenue. [lonyyeHHble pe3ysbTaThl JOCTUTHYTHI 32 CYET COBMECTHOTO BBE/ICHHS B OETOH-
HYIO CMeCh pa3pabOTaHHOTO MUKPOHAIOJIHUTENS HA OCHOBE M3BECTHSIKA-paKylleyHrka u cynepiactudukaropa ST 5.0
B COYETAHUH C MHHOBAIIMOHHOM IBYXCTAIMIHON TEXHOJIOTHEH MPUTOTOBICHNU OETOHHOW CMECH.

Hcxons u3 o01eTeopeTnaeckoro MpeAcTaBIeHUs O CTPYKTYPOOOpa30BaHUN [IEMEHTHBIX OETOHOB M ()OPMHUPOBAHUH HX
MIPOYHOCTHBIX CBOMCTB, MOKHO PacIpOCTPAHUTh PE3YNIbTAaThl JAHHBIX HCCIICAOBAHUH HA IIPOM3BOJICTBO IIMPOKOTO KpyTa
MOHOJIMTHBIX U COOPHBIX M3ETMH U KOHCTPYKIMH, KOTOPBIE OJDKHBI yIOBIETBOPSITH HOPMAaTHBHBIM TPEOOBAHUSIM T10
MIPOYHOCTH HE TOJIBKO Ha C)KaTHWe, HO M Ha pacTsDkeHHe. EcTecTBeHHO, B KaXKIOM KOHKPETHOM Cllydae MOTpeOyIoTCs
JIOTIOJTHUTEJbHBIE MCCIIEIOBAHMS C yUETOM CIEeU(DUKN PETHOHAIBHON CHIPhEBOM 0a3bl M cHeNU(HUKN TOTO MM HHOTO
NPEANPUSATHSL CTPOUTENILHOM HHIyCTPUHM U HOMEHKIIATYPBI BHIITYCKAaeMOW MPOAYKIIHH.

KiroueBble cjioBa: JOPOXKHBIA OETOH, TEXHOJOTHS NMPUTOTOBICHHUS OETOHHON cMecH, KapOOHATHBIM MUKPOHAIOIHHU-
Tellb, CymnepIuiacTudrarop

Jas uutuposanus. lnsxosa E.A. VIHHOBaIlMOHHAS TEXHOJIOTHUS TPUTOTOBJICHHUS OETOHHBIX cMecel. Cospemennvie
menoeHyuu 8  cmpoumenvcmee,  2padocmpoumenvcmee  u - nianuposke — meppumopuii.  2026;5(2):66-72.
https://doi.org/10.23947/2949-1835-2026-5-2-66-72

Introduction. The article deals with the current issues of improving the efficiency of the technology for preparing
concrete mixtures to ensure the normative indicators of the physical and mechanical properties of concrete without an
increase in cement consumption and investment costs for renovation of existing construction industry enterprises in the
context of the conditions of road concrete production. The relevance of the issues is due to concrete road surfaces becom-
ing more broadly used in most developed countries. The trend is due to the annual increase in the number of vehicles on
roadways, an increase in their load-bearing capacity and speed of cargo flows in motorways.

Given all of the above, the issues of the quality of raw materials for road concrete production with the appropriate
physical and mechanical properties are gaining momentum [1].

At the same time, deposits of fine sands dominate in lots of regions, with their use in the concrete composition causing
increased cement consumption. As a result of numerous previous studies [2-5], methods have been developed to reduce cement
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consumption in concretes on fine sands by means of introducing micro-fillers into the concrete mixture, such as finely ground
sand, ground metallurgical slags and other natural or man-made mineral components. However, the process of grinding these
raw materials to produce a micron filler is highly energy-intensive, which ultimately increases concrete costs.

There are also known methods for reducing cement consumption by intensifying the process of mixing concrete mix-
ture [6-9], however, these methods require replacing existing concrete mixers with high-speed ones in most cases, which
requires large investment costs.

The aim of these studies was to develop comprehensive formulation and technological solutions to ensure production
of concrete mixtures for road concrete at existing enterprises in the construction industry with no additional investments
needed for modernization and technical re-equipment or an increase in cement consumption.

Based on the analysis of previous studies [10-15], a working hypothesis was set forth that this aim can be achieved
by using micro-filler additives in road concrete composition in combination with optimizing the method of preparing
concrete mixtures for road concrete at existing concrete mixing plants. The following tasks were thus solved in stages:

1. Selecting modifying additives of domestic production in the concrete mix.

2. Searching for an effective micro-filler based on a local raw material base.

3. Developing an innovative technology for preparing concrete mixtures with no technical re-equipment of existing
concrete mixing units.

Materials and Methods. The road concrete of the design class in terms of compressive strength B35 and flexural
tensile strength was adopted as the object of research By, 4.0.

The following materials were used in the study.

Portland cement produced by Sebryakovcement CEM | 42.5 N with a normal NG density of 26.75 and an actual
activity of 29.2 MPa at the age of 2 days, 54.8 MPa at the age of 28 days was used as a binder.

Sandstone crushed stone with a fraction size of 5-20 mm produced by Donskoy Kamen LLC in compliance with the
requirements of GOST 26633-2015 was used as a coarse aggregate for manufacturing the road concrete under study.

According to the regulatory documents, sands with a modulus of size M, = 1.5-3.0 should be used for road concrete.
High-modulus sands are not produced in the Rostov region. The delivery of such sands from other regions leads to a
significant increase in the cost of concrete mixtures. The most suitable local sand in terms of characteristics is the sand
of the Kayalsky quarry with a M, equal to 1.57 used as a fine aggregate.

A polycarboxylate-based superplasticizer ST 5.0 manufactured by BSR LLC, St. Petersburg, was selected for plasti-
cization of the concrete mixture based on previous information. According to the manufacturer, the specified superplas-
ticizer is characterized by the data in Table 1.

Table 1

Characteristics of the additive ST 5.0

Indices, measurement units Values
Appearance Brown liquid
Smell Weak
Total content of the solid phase, % 25
Density of the solution, g/cm?® 1.070 + 0.03
pH (undiluted product) 9+ 1.5

The developed micro-filler for the road concrete under study was obtained using pontic limestone-shell rock from the
Kamenskoye deposit in the Rostov region, crushed to a powdery state.

The original limestone-shell rock is a yellow-brown rock, mostly consisting of slightly cemented fragments of
shells of various sizes. The content of calcium carbonate in the rock ranges from 87 to 97%. The average density of
rock pieces is in the range of 1.5-2.2 t/m?, depending on the deposit depth. Compressive strength is up to 25 MPa, rock
porosity is 15-40% by volume.

Methodological studies aimed at achieving this aim were performed in stages in compliance with the working hypoth-
esis and the suggested research aims. At the same time, use of standard methods for identifying the normalized properties
of the original materials, characteristics of the resulting concrete mixtures as well as strength parameters of the hardened
concrete were combined by means of mathematical methods of experimental planning theory, polynomial modeling and
interpretation of the resulting response functions.
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At the first stage of the experimental studies, the effect of the degree of crushing of powdered limestone-shell and its
content in the mixture on the strength properties of the mortar part of concrete was examined. The experiments were
performed on cement-sand samples — beams measuring 40x40x160 mm with its material compositions modelling the
mortar part of the concrete under study.

After the samples had hardened under normal conditions at the age of 28 days, they were subjected to strength tests
by means of conventional bending and compression methods.

Based on the results of the strength tests and corresponding mathematical processing of the experimental data using
methods of planning theory [16], polynomial models were obtained that adequately describe the dependencies under study
at a 5% significance level that were used to identify the rational dosage ranges of the resulting carbonate micron filler
based on crushed limestone-shell.

At the second stage of the study, considering the results at the first stage, in order to optimize the technological pa-
rameters of preparing the concrete mixtures, experiments were performed on concrete samples-prisms measuring
100x100%400 mm tested at specified times by means of the standard methods for identifying the compressive and flexural
strength of the concrete under study.

Research Results. At the first stage of the study conducted on a cement-sand mortar with a ratio of C:S = 1:1.7
corresponding to the mortar part of the road concrete, quadratic polynomial models of the effect of the degree of crushing
of the carbonate filler and its quantitative content in the mixture on the flexural and compressive strength of the resulting
material were obtained by means of the methods of experimental planning theory. As a result of interpreting the obtained
models, it was found that the optimal dosage of the micron filler under study ranges from 60 to 100 kg/m? while grinding
the original limestone shell to a specific surface area of at least 2000 cm?/g.

As a result of further studies, an innovative two-stage technology for preparing concrete mixtures with a limestone-
shell filler was developed. The priority novelty of this development is protected by the patent of the Russian Federation
for invention [17].

The essence of the developed two-stage technology is as follows. At the first stage of the preparation of the concrete
mixture, small and large aggregates, as well as micro-fillers, were loaded into the concrete mixer at specified dosages.

The above components were mixed in a dry state until a homogeneous dry mixture was obtained.

At the second stage, Portland cement, water, and a superplasticizer were added to the resulting dry mixture, after
which all of the components were mixed until a concrete mixture of the required workability was obtained.

The composition of the concrete mix with a consumption of 420 kg/m?® of Portland cement with the following ratio
between the components (by weight) was adopted as the original one C:N:L = 1:1.69:2.71.

The consumption of the superplasticizer additive ST 5.0 (an aqueous solution of 25% concentration) was 1% by weight
of Portland cement. The consumption of the filler additive varied from 40 to 120 kg/m?® and was introduced into the
mixture due to a corresponding reduction in sand consumption. The amount of mixing water in each case was selected
from the conditions for obtaining equally mobile mixtures of grade P2 (5-9 cm).

The compositions of the concrete mixtures, methods of preparing them as well as the results of the strength tests of
concrete at the age of 28 days of normal hardening are shown in Table 2.
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Table 2
Compositions of the concrete mixtures, technology of preparing them and the concrete strength at the age of 28 days
of normal hardening

Concrete
. . 3
No. Mixture Material consumption, kg/m strength, MPa
ofa preparation ST
test method cement water limestone sand 50 microfiller Rip Rp
1 Single-stage 420 168 1140 710 4.2 0 5.1 45.2
2 420 172 1140 650 4.2 60 6.0 51.8
3 Two-stage 420 174 1140 630 4.2 80 6.3 53.9
4 420 176 1140 610 4.2 100 5.8 49.7
Two-stage with
5 reduced cement 370 170 1140 680 3.7 80 5.2 45.6
consumption

B pe3ybTaTe NPOBEACHHBIX I/ICCJ'Ie,E[OBaHI/Iﬁ YCTAHOBJICHO, YTO pa3pa60TaHHa$1 HWHHOBAIIMOHHAA TCXHOJIOTHUA ITPUTO-
TOBJICHHS OSTOHHBIX CMECEH IMOBHIMACT MPOYHOCTH OeToHa Ha 15-20% (cocrasl NO 2, 3, 4) wmn mo3BossteT Ha 12%
CHU3UTH pacxon nementa (coctaB NO. 5) mo cpaBHEHHIO ¢ OqHOCTAaIMITHOM TexHOooruel (coctaB No. 1) 6e3 yxyamenuns
MIPOYHOCTHBIX CBOICTB JAOPOKHOTO OeToHA. Hal“J'IS[,I[HO OTH pE3yJIbTaThbl IPEACTABIICHBI HA PHUC. 2.

As a result of the study, it was found that the developed innovative technology for preparing concrete mixtures
increases concrete strength of by 15-20% (compositions No. 2, 3, 4) or reduces cement consumption by 12% (composition
No. 5) compared with the single-stage technology (composition No. 1) without compromising the strength properties of
road concrete. These results are clearly shown in Fig. 2.

Concrete mix preparation methods
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Fig. 2. Dependence of concrete strength parameters on the technology of concrete mix preparation

Discussion and Conclusion. The study results ensure road concrete production in compliance with the regulatory
requirements for its strength characteristics, with no additional costs for technical re-equipment of existing concrete mix-
ing units and based on a local raw material base.

The results were achieved by means of a combined use of a micro-filler developed using crushed limestone-shell and
superplasticizer ST 5.0 in combination with an innovative two-stage technology for concrete mixture preparation.

The innovative technology of manufacturing concrete mixes for road concrete developed in compliance with the study
aims enables a reduction in cement and superplasticizer consumption at existing enterprises of the construction industry
with no additional costs for reconstruction and technical re-equipment or compromising product quality.
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The suggested set of prescription and technological measures to improve the efficiency of concrete mix production
technology can be extended to mass production of concrete mixtures for general construction purposes. At the same
time, for them to be introduced into production, technological solutions should be adjusted taking into account the
requirements for products, local raw material base as well as specifics of existing enterprise, which can be attained at
the factory laboratory.
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006 asmope:

lnsixoBa Enena Anb0epToBHA, KaHAWAAT TEXHUIECKUX HAYK, OICHT, JOIEHT Kapeaphl TEXHOJOIUYECKOTO UH-
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Kongpnuxkm unmepecog: aBTop 3asiBjisieT 00 0TCYTCTBUM KOH(INKTAa HHTEPECoB.
Aemop npouuman u 0006pun OKOHUAMENbHBLL 6aPUAHM PYKORUCHU.
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