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ABSTRACT

Introduction. Self-compacting concrete offers broad potential in construction due to its operational reliability and durability. How-
ever, the high cost of self-compacting concrete and the technological complexity of its production require the development of new
concrete mix designs and improved placement technologies. When selecting concrete mix designs for self-compacting concrete,
chemical additives can be used to reduce cement consumption and improve the concrete's properties. Materials and methods.
To ensure the rheological and technological properties of the concrete mix, fly ash, a dry polycarboxylate-based superplasticizer, and
ultrafine additives were used. The ultrafine additives were produced by hydrolysis, using pure Portland cement as a precursor, with
the concentration in the solution varying from 1 to 5%. The cement hydrolysis reaction results in the formation of a multicomponent
sol containing silicic acid, aluminum hydroxide, iron hydroxide and calcium hydroxide. Results and discussion. Experiments were
conducted to modify self-compacting concrete with an ultrafine additive obtained using sol-gel technology. An optimal composition
of modified cement containing an ultrafine additive with an average particle size of up to 100-150 nm was developed. The use of
the ultrafine additive accelerated the cement hardening kinetics and improved the physical and mechanical properties of cement
stone by 1.4-1.8 times compared to cement without the additive due to water accumulation, an increase in the volume of cement
gel, and a decrease in capillary porosity. Based on an assessment of the technological and rheological properties of concrete mix-
tures containing fly ash as a microfiller and a modifying additive, compositions corresponding to strength classes B40-B60 were
established, containing 7.5-44% fly ash and an additive in an amount of 0.1% of the cement weight on a dry matter basis. It has been
established that the introduction of ultrafine fly ash and fly ash into the concrete mix reduces segregation by 17-19%, increases
viscosity by 13% to 20%, and reduces flowability only slightly by 5-10%. It has been established that self-compacting concrete with
the combined use of fly ash with medium pozzolanic activity, a chemically active ultrafine additive, and a polycarboxylate-based
superplasticizer is characterized by intensive strength gain within 1-3 days of curing and an increase in strength by 15-17% within
the design curing period. Conclusion. As a result of the research, a low-temperature method for producing a modifying additive
using sol-gel technology was developed. This method is simple to synthesize, does not require complex process equipment, and
can be added along with mixing water and uniformly distributed throughout the concrete mix. Concrete mix formulations for
self-compacting concrete of strength classes B40-B60 were developed using an ultrafine additive, which improves the process
properties, quality indicators, and physical and mechanical properties of the concrete.

KEYWORDS: self-compacting concrete, ultra-dispersed additive, fly ash, superplasticizer, hydrolysis of Portland cement, sol-gel
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AHHOTALMA

BBepeHue. MpriMmeHeHVie CaMOYMIOTHSAOLErocs 6eTOHa MMeeT LUMPOKKE NepCnekTBbI MPUMEHEHUS B CTPOUTENbCTBE bnarofaps
SKCnyaTaLOHHON HAAEKHOCTI 1 JONTOBEUYHOCTU CTPOUTESNbHBIX KOHCTPYKLNMI C ero npumeHeHreM. OgHaKo BblCOKasa CTOMMOCTb
CaMOYMJIOTHAOLErocs 6eToHa 1 TEXHOMOrMYecKas C/IOXHOCTb €ro M3roToBMEHUs TPebyeT pa3paboTKM HOBbIX COCTaBOB GETOHHbIX
CMeceii 1 COBEpPLUEHCTBOBaHNA TEXHOMOrMM UX yknagku. Mpu nogbope coctaBoB 6eTOHHbIX cMecel ans CYB BO3MOXHO 1Cnonb3o-
BaHMe XMMUYECKMX [0OABOK, NPUMEHEHME KOTOPbIX NMO3BOJIAET CHU3WTb PAcXof UCMONb3yeMOoro LleMeHTa 1 yiyUllnTb CBONCTBA
6eToHa. MaTepuanbl n meTogbl. [l 06ecrneyeHuns peonornyecknx 1 TeEXHONOrMYecknx CBOMCTB 6ETOHHOM cMecH Oblv UCMOoNb30-
BaHbl 30/1a YHOCAQ, CyXol cynepnnactnduKaTop Ha noimkapboKcuaTHoM OCHOBe 1 ynbTpaancnepcHasa aobaska. YnbrpagmcnepcHyio
[06aBKy nonyyanu ruiponr3om, rae B KauecTBe Npekypcopa rncnosb3oBanca 6e3106aBoyHbIfi MOPTNAHALEMEHT, KOHLEHTpauusa
KOTOPOro B pacTBOpe MeHsAnacb ot 1 fo 5%. B pesynbTtate peakumm rugponmsa LemeHTa obpasyeTca MHOrOKOMMOHEHTHbIN 3071b,
cofeprKalymin OAHOBPEMEHHO KPEMHMEBYIO KNCNOTY, TMAPOKCUA antoMUHNUA, TMAPOKCUE Xene3a 1 r’mapoKcma Kanbuus. Pesynbra-
Tbl M 06¢cyxaeHue. [poBeseHbl SKCNEPUMEHTbI Mo MoArbUKaLMM CAMOYMIIOTHALWMXCA 6ETOHOB YNbTPaAKCNepCcHON obaBKoiA,
MOMyYEHHOW C UCMONb30BaHMEM 30J1b-Teflb TeXHONOrny. Pa3paboTaH onTMMasnbHbI/ COCTaB MOANGULNPOBAHHOIO LIEMEHTa, CO-
JepKallero ynbTpaancnepcHyto Jo6aBKy co cpefHUM pasmepom yactuy o 100-150 Hm. Micnonb3oBaHue ynbTpagucnepcHom go-
6aBKM YCKOPUIIO KUHETUKY TBEPAEHUA LIeMeHTa, YyuLumnio Gp1snKo-mMmexaHnyeckme nokasaTenm LemMeHTHoro KamHa B 1,4-1,8 pasa
Nno cpaBHeHUIo ¢ 6e3006aBOYHbBIM LIEMEHTOM 3a CUET aKKYMYNIMPOBaHNA BOAbl, YBENNUYEHUS 0O beMa LLIEMEHTHOTO refifl Y CHUXEHNSA
KanunnspHON NopmucTocTn. Ha oCHoBe OLEHKM TEXHONOMMUYECKMX U PEOSIOrMYEeCKX CBONCTB GETOHHBIX CMeCel, cofeprKallmx
B KauecTBe MUKPOHAMONHUTENS 3071y YHOCa U MoanduumpytoLyto 106aBKy, YCTaHOBMIEHbI COCTaBbl, COOTBETCTBYIOLLME Klaccam no
npoyHocTn B40-B60, cogepalyme 7,5-44% 30nbl yHoca 1 fobaBKy B konnyectse 0,1% OT Macchl LleMeHTa B NepecyeTe Ha Cyxoe
BELLECTBO. YCTAHOBJEHO, YTO NPY BBEAEHUN B COCTaB 6eTOHHOW cmecy YOl 1 307bl yHOCA pacciioeHne CMeCu CHXKaeTcs Ha 17-19%,
BA3KOCTb yBennumnsaeTca ot 13% fo 20%, a TeKyyecCTb CHUXKaeTCA He3HaunTeNnbHO — 5-10%. YcTaHOBMIEHO, YTO A1 CAMOYMNIOTHA-
foLerocs 6eToHa C KOMMIEKCHbIM MPUMeHeHVeM 30J1bl YHOCA CO CpefHel MyLLonaHNYeCKo aKTUBHOCTbIO, XUMUYECKN aKTUBHO
yNbTpaancnepcHon Jo6aBku 1 cynepnnactudukaTopa Ha NoamMKapObOKCMNATHON OCHOBE XapaKTepHbIM ABMSETCA NHTEHCUBHDII
Habop NpoyHOCTU B 1-3 CyTKM TBEPAEHNWA 1 MOBbILLEHUE MPOYHOCTU Ha 15-17% B NpOeKTHble CPOKM TBEPAEHNA. 3aK/ioueHue.
B pesynbraTe npoBefeHHbIX NCCIefoBaHNA pa3paboTaH HM3KoTeMNepaTypHbI cnocob nonyyeHus moguduumpyoLein 1obaBku
C UCMOJMIb30BaHNEM 30J1b-TeNlb TEXHOOMMW, OT/IMYAIOLUNIACA NPOCTOTON CUHTE3a, He TPebyIoLWUNA CNOXKHOFO TEXHOOMNMYECKOro
060pyAOBaHNA 1 UMEIOLLIA BO3MOXKHOCTb BBELEHMA BMECTe C BOAOW 3aTBOPEHUS U PaBHOMEPHOro pacnpefeneHns B obbeme
6eToHHON cMecu. Pa3paboTaHbl cocTaBbl GETOHHBIX CMeceli AN CaMOYMIOTHsoLWerocs 6eToHa KnaccoB no npoyHocTy B40-B60
C NPVIMeHeHMeM yNbTPaancnepcHo 4o6aBKY, MPUMEHEHNE KOTOPOI YiyyllaeT TEXHONOrMYecKre CBOMCTBA 1 MoKa3aTesv KayecTBa
cmecel 1 pU3MKo-MexaHnUYeckme CBonCcTea 6eToHa.

KJTIOYEBDBIE CJIOBA: camoynnoTHALWMIACA 6eTOH, ynbTpaancnepcHaa fgobaska, 3ona yHoca, cynepnnactudurkatop, rugponus
NopTNaHALEMEHTA, 30/1b-reflb TEXHOMOI K, TEXHONTOTMYECKIME 1 PEOsIorMyecKre CBOMCTBA, BETOHHaAA CMeCb, MPOYHOCTb NPU CKaTUK,
NNoTHaa CTpyKTypa
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INTRODUCTION

One of the trends in the construction industry is increas-
ing the operational reliability and durability of building
structures, including through the use of high-strength
multi-component concretes. These concretes include
high-strength self-compacting concrete (SCC), known
in international scientific and technical literature as Self-
Compacting Concrete (SCC), whose composition and
production technology differ from traditional concrete
[L,2].

Globally, SCC has been widely used for the pro-
duction of monolithic and precast reinforced concrete
structures since the mid-1990s [3, 4]. The undoubted
advantages of SCC include high flowability of the mixture,
even in densely reinforced and thin-walled structures, and
the elimination of vibration during concreting. However,
the main limiting factor to the widespread use of SCC,
both internationally and in Russia, is its high cost [3].
Therefore, the search for rational SCC compositions that
meet both technical and economic requirements contin-
ues [3, 5].

When selecting the composition of concrete mixtures
for SCC, it is possible to use chemical additives, for ex-
ample, a viscosity modifier, the use of which allows for
the complete elimination of microfiller, solution separa-
tion and sedimentation of coarse aggregate [3]; the use
of industrial waste, for example, fly ash as a microfiller to
increase the water-holding capacity of the concrete mix-
ture and compaction of the structure [6]. When obtaining
SCC, the efficiency of cement systems can be improved
by increasing the degree of hydration, increasing den-
sity, strength and creating a less defective structure at the
nano- and microlevels through the use of various types
of modifying additives. There are a number of studies
proving the effectiveness of nanometer-sized additives for
modifying SCC, the use of which improves the physical
and mechanical properties of concrete by compacting its
structure [7, 8].

Among the variety of nanodispersed components
used as concrete modifiers, silicon dioxide should be
highlighted as the basis for the pozzolanic reaction. One
promising method for obtaining it is the sol-gel method,
which has several advantages: synthesis can be carried out
at low temperatures; the pH can be varied to obtain high-
purity ultradispersed additive particles; the kinetics of the
process can be regulated by changing the composition of
the reaction mixture [9].

The sol-gel method for producing nanosilica, as noted
by many authors [9-11], has several advantages, such as
the homogeneity of the raw materials upon mixing, the
relatively low synthesis temperature, the uniformity of
the resulting particles and the stability of their properties,
and the possibility of obtaining the substance in large
quantities.

The development of high-strength concrete compo-
sitions, including self-compacting concrete (SCC), is
relevant for the construction industry in the Republic
of Buryatia, where high-rise construction, residential
infrastructure, housing and utilities systems, and trans-
portation hubs with dense reinforcement are developing.
Experience in constructing such projects suggests the use
of self-compacting concrete.

The aim of this study is to develop a self-compacting
concrete composition of various compressive strength
classes using raw materials from the Republic of Burya-
tia and a modifying additive in the form of a colloidal
additive obtained by the sol-gel method. Experiments
were conducted to determine the process parameters of
the modified mixtures and the physical and mechanical
properties of the hardened concrete.

When developing the composition of the SCC, a num-
ber of features of the composition of the self-compacting
concrete mixture were taken into account in comparison
with the selection of the composition of traditional con-
crete: a specific approach to the ratio and granulometry of
the filler (approximately the same ratio of fine and coarse
filler, maintaining the continuity of the granulometry
of the fillers to achieve the most cohesive structure of
the concrete mixture), the mandatory presence of fillers
and superplasticizers and increased cement consumption
[2, 6].

Fly ash was used as a finely dispersed filler to save ce-
ment and improve the water-holding capacity and tech-
nological properties of concrete mixes. Experience has
been gained in using both acidic [6, 10, 12, 13] fly ash
with a CaO content of less than 10% and basic fly ash
with a CaO content of more than 10% in various SCC
formulations [14].

MATERIALS AND RESEARCH METHODS

To produce concrete mixtures for the SCC, materi-
als traditionally used in the construction industry of the
Republic of Buryatia were used:

— Portland cement CEM 142.5 N, compliant with Rus-
sian national standards 30108-2020 (PC);

— Microfiller: acidic fly ash from field IV of the elec-
trostatic precipitator of the Gusinoozerskaya State
District Power Plant, a branch of InterRAO, com-
plying with grade ZU KUK-A-1 according to Rus-
sian national standards 25818-2017. The pozzolanic
activity of the fly ash was 32.5 mg/g of absorbed CaO,
which corresponds to an active mineral additive with
average pozzolanic properties according to GOST
25592-2018. The specific surface area of the ash was
540 m?/kg;

— Class I quartz-feldspar sand with a fineness modulus
of Mk = 2.1, complying with Russian national stan-
dards 8736-2014;
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— Crushed granite of 5—20 mm fraction with a density of
2.6 g/cm’ and a crushability grade of 1200, complying
with Russian national standards 8267-93;

— Sika ViscoCrete 20 Gold superplasticizer based on
polycarboxylates — an effective superplasticizing and
super-water-reducing admixture with rapid early
strength gain, designed for the manufacture of high-
performance reinforced concrete products in factory
production conditions. The superplasticizer dosage
was determined experimentally and amounted to 2%
of the cement mass in the concrete mix;

— A multicomponent sol — an ultrafine additive (UFA)
obtained by hydrolysis of Portland cement — was used
as a modifying additive. Three series of concrete mix
compositions were prepared, with PC content varying
from 375 to 500 kg/m?, microfiller content from 40 to
165 kg/m?3, and water-cement ratios from 0.36 to 0.48.
The concrete mix was used to form 10xX10x10 cm
specimens, which were cured under normal condi-
tions. Strength determinations were performed ac-
cording to standard methods outlined in Russian
national standards 10180-2012. Samples were tested
after 3, 7, and 28 days of curing.

RESULTS AND DISCUSSION

Within the framework of this study, aimed at expand-
ing the potential applications of self-compacting concretes
in construction, the influence of ultrafine additives on the
material’s properties was investigated. The ultrafine ad-
ditive was produced via hydrolysis, using plain Portland
cement as a precursor. The concentration of the cement
in the suspension (colloidal solution, hereinafter referred
to as the solution) was varied from 1% to 5%.

During cement hydration, the hydrolysis of the main
minerals of Portland cement clinker—tricalcium silicate
(C,S) and dicalcium silicate (C,S)—occurs in four distinct
stages [15]. Calcium hydroxide, Ca(OH),, is formed at
each stage. The intermediate products of the first three
stages are calcium hydroorthosilicates with varying

degrees of substitution: Ca,[HSiO,],, CaH,SiO,, and
Ca(H,Si0,),, formed sequentially. At the fourth stage,
complete hydrolysis concludes with the decomposition
of the original compounds into their constituent prod-
ucts—Ca(OH): and orthosilicic acid, H,SiOa.

In our view, when the Portland cement concentration
in the solution ranges from 1% to 5%, the hydrolysis of
the main cement minerals proceeds to completion, yield-
ing the corresponding hydroxides and acids in a colloidal
state. Under these conditions, the likelihood of form-
ing intermediate hydroxysalts of the respective metals is
reduced. As a result of cement hydrolysis, a multicom-
ponent sol is formed, containing simultaneously silicic
acid, aluminum hydroxide, iron hydroxide, and calcium
hydroxide. Hydroxides of multivalent metals typically
form colloidal systems in which micelles are stabilized by
an extensive hydration shell, thereby preventing particle
aggregation.

It is well established that the extent of hydrolysis
depends on temperature and the concentrations of the
substances involved: the degree of hydrolysis increases
with rising temperature and solution dilution (i.e., with
higher water concentration) [16]. The experimental re-
sults demonstrate that the concentration of the initial
precursor significantly affects the physical and mechanical
properties of the hydrated cement paste incorporating the
ultrafine additive (see Table 1). As the concentration of
the initial solution used to produce the additive increases,
the amount of calcium hydroxide formed also increases.
The Ca(OH), content was determined by titration in ac-
cordance with Russian national standards 22688—2018.

The optimal concentration of the precursor solution
for producing the ultrafine additive (UFA), as demon-
strated by the compressive strength results of the cement
paste, is a 2% solution. As the concentration of the initial
precursor solution increases up to 2%, the compressive
strength of the cement paste rises significantly compared
to plain (additive-free) cement—by approximately 25—
50% after 3 days of curing and by 44—84% after 28 days
of curing.

Table 1. Physical and mechanical properties of Portland cement with the addition of ultrafine additive (UFA)
obtained by hydrolysis of cement at various solution concentrations (additive dosage: 0.4% by mass of cement)

Concentration of the initial Compressive strength of cement paste, MPa, after curing, days
precursor used to produce
the ultrafine additive (UFA) 3 7 28
Without additive 325 445 54.1
1% solution 41 59 78
2% solution 50.2 77.6 99.7
3% solution 36 51 63
4% solution 335 50 55
5% solution 33.1 49 54.6
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Despite the increased calcium hydroxide content—
which influences the pH of the reaction system and the
morphology of the formed particles—further increasing
the precursor concentration beyond 2% for UFA synthe-
sis leads to a diminished effectiveness of the additive in
modifying the cement matrix. Higher solution concentra-
tions result in larger aggregates of colloidal particles and
reduced overall dispersity of the compounds.

Laser diffraction analysis of the particle size distribu-
tion of the 2% UFA solution, performed using a Shi-
madzu SALD-7500 particle size analyzer, revealed a poly-
modal size distribution in the range of 100 to 1000 nm,
with a peak maximum at approximately 300 nm (Fig. 1).
It is evident that the measured size corresponds not to in-
dividual dispersed particles but rather to their aggregates.

When the 2% UFA solution was incorporated into
cement paste at a dosage of 0.4% by mass of cement
and a water-to-cement ratio (w/c) of 0.26—sufficient to
achieve standard consistency—the resulting particle size
in the hardened matrix was reduced by a factor of 2.5—3.
The higher the degree of hydration of colloidal particles
in the form of micelles, the fewer impurities from the
original compounds they contain, resulting in smaller
particle size and greater dispersity.

The particles formed in the colloidal solution exhibit
high surface energy and act as nucleation sites for the
crystallization of binding phases [17].

The change in the phase composition of the cement
stone upon the introduction of the additive is confirmed
by IR spectral analysis performed using an IRAffinity-1
FTIR spectrometer (Fig. 2).

Analysis of IR spectra shows a change in the intensity
of peaks at 1647.21cm~" and 1653.00 cm~!, indicating a re-
duction in the amount of free water and intensification of
calcium hydrosilicate formation processes. Furthermore,
a shift and change in intensity are observed for peaks cor-

responding to siloxane group vibrations —O—Si—O—: in
the control sample, the maximum appears at 977.91 cm~',
whereas in the sample with the ultrafine additive, it shifts
to 985.62 cm~'. This shift is characteristic of the forma-
tion of low-basicity calcium hydrosilicates, which possess
higher density and structural ordering. These processes
contribute to densification of the cement matrix structure
and, consequently, enhance its strength properties when
fly ash is used in combination with an ultrafine additive.

In subsequent studies, a multicomponent sol was
used to modify self-compacting concrete (SCC). The
sol was applied as a 2% aqueous solution with a density
of 1.004 g/cm? and introduced into the concrete mixture
together with the mixing water at a dosage of 5% by mass
of cement. The admixture consumption, recalculated to
dry matter, amounted to 0.1% of cement mass, allowing it
to be considered as a micro-dosage that effectively influ-
ences the main properties of concrete.

The compositions of concrete mixtures prepared
using the above-mentioned components are presented
in Table 2. Based on laboratory trials, formulations for
self-compacting concrete mixtures were developed for
concrete strength classes B45, B50, and B55 under com-
pression.

In designing the concrete mix composition, appro-
priate selection of coarse and fine aggregates was carried
out to ensure continuous particle size distribution and,
consequently, a cohesive mixture structure.

Optimization of fine and coarse aggregate contents
in the self-compacting concrete mix was performed ac-
cording to the methodology described in [18], under the
condition of achieving maximum bulk density of the dry
aggregate blend at various sand volume fractions (r) rang-
ing from 0.40 to 0.60 (Fig. 3).

Based on the obtained dependency, the optimal gra-
dation of the aggregate blend was achieved with a sand
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Fig. 1. Analysis of dispersion of the initial 2% solution of the
when introduced into the cement (b)

additive (a) and the additive diluted with mixing water
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Fig. 2. IR spectra of Portland cement with fly ash without (a) and with ultrafine additive (b)
Table 2. Compositions of self-compacting concrete
R Compositions of self-compacting concrete, kg/m?
PC Fly ash UFA Sand Crushed stone Superplasticizer Water
1 375 165 - 735 735 54 180
2 375 165 27 735 735 54 153
3 450 90 - 735 735 54 180
4 450 90 27 735 735 54 153
5 500 40 - 735 735 5.4 180
6 500 40 27 735 735 54 153

fraction of 0.5 in the aggregate mixture, and the abso-
lute volume of aggregates in the concrete mix was set at
0.596 m3/m3.

For the investigated concrete mix designs, the fol-
lowing technological and rheological properties were
monitored: concrete mix density, flow spread using the
standard cone and the J-ring (SF)), flow time of the stan-
dard cone to a diameter of 500 mm, passage through the

J-ring, efflux time through the V-funnel, and segregation
resistance measured by bleed water content. The rheologi-
cal properties of the investigated mixes were optimized to
achieve self-consolidation and self-leveling behavior, and
tested in accordance with Russian national standards R
59715-2012 (Table 3).

The self-compacting concrete mix compositions, se-
lected experimentally in the laboratory, meet the required
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Fig. 3. Dependence of the bulk density of the aggregate mixture on the proportion of sand in the mixture

Table 3. Rheological characteristics of self-compacting concrete mixtures

Self-compacting concrete performance indicators
Characteristic for compositions

1 2 3 4 5 6
Normal cone spread of concrete mix, cm 62 60 68 65 73 70
Concrete mix spread using SF blocking ring, cm 59 56 64 61 70 67
Spreading time using a locking ring t, , sec 5 6 4 5 3 4
Locking ring clearance, mm 8 8 6 6.5 4.5
Flow time from a V-shaped funnel, sec 15 17 12 14 9 11
Segregation of self-compacting concrete mixture, % 6.5 55 74 6.3 8.7 7.3

quality parameters: cone flow rate corresponds to grades
RK1 (compositions No. 1—4) and RK2 (compositions
No. 5—6). Increasing the amount of fly ash and the pres-
ence of an ultrafine admixture results in a slight decrease
in cone flow rate. The t, time increases by 20% with the
addition of an ultrafine admixture, due to the increased
content of ultrafine particles in the mix. The flow time
of the concrete mix through a V-shaped funnel ranges
from 9 to 17 seconds, corresponding to SCC viscosity
grade V4. Moreover, with the addition of UFA, the vis-
cosity of the mix increases. No signs of stratification of
the concrete mixture were recorded: the use of an ultra-
dispersed additive helps improve the stratification of the
concrete mixture by 17—19% due to the immobilization
of free water from the volume of intergranular voids when
replaced by microfiller grains (ash particles) and particles
of the ultra-dispersed additive.

A solution to the problem of wider application of SCC
in construction, especially in regions with limited natural

resources, is the development of a technology for producing
self-compacting concrete using fly ash as a microfiller. The
ash content, which ensures self-compacting of the concrete
mix and the cost-effectiveness of the concrete produced,
has been established within the range of 8—44% of the
cement mass. The introduction of fly ash made it possible
to obtain a concrete mixture with high mobility, fluidity
and self-compacting effect. However, the low pozzolanic
activity of the original ash does not provide the effect of
increasing the strength of concrete due to the pozzolanic
reaction and the increase in the number of new formations
in the initial stages of hardening. To regulate the pozzolanic
activity of the microfiller, the addition of ultrafine fly ash
is necessary. The combined use of fly ash and ultrafine ad-
ditives can not only optimize the particle size distribution
and pozzolanic activity, but also increase the density and
accelerate the strength gain of concrete.

Fly ash, as a conditionally inert microfiller, has an
average particle size of 4.19 um (Fig. 4), with a dispersion
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Fig. 4. Dispersion analysis of fly ash

almost twice as great as that of the original cement, and is
located in the intergranular space of the original Portland
cement. The ultrafine additive with an average particle
size of 0.1 um exhibits high chemical activity due to the
high degree of dispersion of the formed nanoparticles and
enhances the effect of using ash, especially in the presence
of effective superplasticizers based on polycarboxylates.
One of the main problems arising during the synthesis
of additives by the sol-gel method is the aggregation and
sedimentation instability of their aqueous solutions, which
subsequently transform into a gel [9]. A surfactant in the
form of a superplasticizer not only improves the rheologi-
cal properties of the concrete mixture, but also ensures
stabilization of the synthesized additive, extending the
period of its practical application.

The physical and mechanical properties of self-
compacting concrete were determined for the developed
compositions. The compressive strength of the control
samples after 28 days of normal curing (Fig. 5) corre-
sponds to the design class for all concrete compositions
under consideration. The introduction of UFA increases
the compressive strength of concrete by 27% compared
to the control composition at the age of up to 7 days of
hardening and by 17% at the design age.

The introduction of an ultrafine, chemically active
mineral additive into the cement composition not only
ensures the physical filling of intergranular voids but also
intensifies the formation of hydration products, which
act as additional structural elements and bind both free
intergranular water and water adsorbed on the surface
of filler particles. This process results in a reduction in

the overall porosity of the cement stone and a significant
improvement in the microstructure of the contact zone
between the binder and filler (Fig. 6, JEOL-JSM-6510LV,
Progress Center for Collective Use, ESSUTM). This cre-
ates a highly dense structure, changes the nature of poros-
ity, and improves the physical and mechanical properties
of the modified concrete.

When self-compacting concrete is modified with an
ultra-dispersed additive, the morphology of the resulting
calcium hydrosilicates changes. On the surface of the con-
crete chip with UFA, a greater number of needle-shaped
crystals of low-basic calcium hydrosilicates are observed
compared to the control composition.

CONCLUSION

As a result of the research, a low-temperature method
for producing a modifying additive using sol-gel technol-
ogy was developed. This method is characterized by its
simplicity of synthesis, does not require complex process
equipment, and can be added along with mixing water
and uniformly distributed throughout the concrete mix.
Concrete mix compositions have been developed that
ensure self-compacting without signs of stratification or
separation, while maintaining the properties of the mix
for up to 2 hours from the start of mixing.

For compositions modified with an ultrafine additive
in microdoses of 0.1% in terms of dry matter, an increase
in compressive strength of 17—20% was established after
28 days of hardening, depending on the composition,
compared to control samples, which is due to the poz-
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Fig. 6. Scanning electron microscopy of self-compacting concrete: a - control composition, b - composition with UDD

zolanic effect of fly ash and UFA and compaction of the
concrete structure due to the introduction of finely dis-
persed particles.

With the increase in the number of stores in construc-
tion and the complexity of the forms of monolithic struc-
tures, self-compacting concrete mixtures will be widely

used in construction [19, 20]. A series of laboratory ex-
periments demonstrated the potential of producing self-
compacting concrete based on natural and man-made raw
materials from the Republic of Buryatia, using modifying
additives, and their application in monolithic construc-
tion.
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