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In the article the features of reinforced concrete hardening at different temperature conditions
and the current issues of preparation technology of Self-Compacting Concretes (SCC) on the basis of
superplasticized cementitious systems, combining knowledge of structure and modifying Portland
cement compositions “ Portland cement — active mineral additives — microfiller — superplasticizer —
accelerator of hardening” to search for rational making provision of technical and building properties
of concretein the changing factors of its composition, technology and exploitation are shown.

The physico-chemical peculiarities of hydration and hardening processes of superplasticized
cementitious systems were established. The problem of obtaining Self-Compacting mixtures and
Rapid-Hardening Concretes on their basis by the direct structure formation of cementitious matrix
was solves. The optimization of Self-Compacting Concretes composition on the base of super plasticized
cementitious systems with high early strength was carried out. The quality parameters of developed
concr etes wer e investigated and the effectiveness of their using in different temperature conditions was
shown.

The results of the studies found that the use of the superplasticized cementitious systems allows
to influence on technological properties and kinetics of structure formation and create concrete
structure with improved construction and technical properties at a different temperature conditions.
Technological solutions designing of superplasticized cementitious systems that solves the problem of
obtaining the Self-Compacting Concretes (SCC) on their basiswith using non-vibration technology are
established. This creates an opportunity allows to solve the problem of obtaining for enabling early
loading, reducing the production cycle, increasing turnover and formwork acceleration of monolithic
buildingsand structures at different temperature conditions.

Key words: polycarboxylate, fly ash, limestone microfiller, metakaolin, superplasticized
cementitious systems, non-vibration technology, Self-Compacting Concr etes, temper atur e conditions.

Introduction

Self-Compacting Concrete (SCC) was developed in Japan in order to reach durability of concrete
constructions. Some investigations have been carried out to achieve a rationa mix design for a modern
concretes, which is comparable to ordinary concrete. Self-Compacting Concrete is defined so that no
additional vibration is necessary for the compaction. The development and use of SCC in many countries
have shown that it can successfully be produced from a wide range of component materials, notably
cement replacement materials (mineral additives) and superplasticizers (Urban, 2018).

The compositions of the mixtures for the SCC differ from the compositions of the other, traditional
concretes. The main difference consists in the higher ratio of the fine fraction < 0.125 mm. The fine
fractions, the optimum water content and superplasticizer produce a stable suspension with high viscosity.
This suspension flows spontaneoudly keeping the aggregate grains without segregation. The microfillers,
such as fly ash, finely ground limestone, metakaolin and the other fine mineral additives are the components
of fine fraction. The properties of concrete mixture and hardened concrete are significantly affected by



108 Iryna Kirakevych, Myroslav Sanytsky, Igor Margal

the type of microfiller in cementitious system. In this case mesostructure (cementitious matrix and fine
aggregate) of concretes has the major role in flowability and homogeneity of SCC mixtures concrete
resistance to mechanical |oading (Rakesh, 2015).

Considering the economy and durability of SCC the quality and the density of the concrete cover,
as well as the compaction of the concrete are main parameters. As a result of the mix design, some
properties of the hardened concrete can be different for SCC in comparison to normal vibrated concrete.
Therefore, it is important to verify the mechanica properties of SCC before using it for practical
applications, especially if the present design rules are applicable or if they need some modificators
(Aggarwal, Siddique, Aggarwal & Gupta, 2008).

Fly ash, limestone microfiller and metakaolin is readily used in the SCC technology. The increase
of the fly ash and metakaolin content in the mixture results in better workability at fairly high strength
development and freeze-thaw resistance. In the presence of the limestone microfiller the stability of the
mixture is affected and the segregation is not observed; however this additive is not used on such alarge
scale in SCC technology as the fly ash. These additives provide increasing of durability parameters of
hardened materials, such as strength, porosity and shrinkage, corrosion resistance, freeze-thaw resistance
and the other properties (Collepardi, 2010).

Sdf-Compacting Concrete (SCC) was developed in order to reach durability of concrete constructions.
Sdlf-Compacting Concrete is defined so that no additional vibration is necessary for the compaction. The
development and use of SCC in many countries have shown that it can successfully be produced from a
wide range of component materials, notably cement replacement materials (mineral additives) and
superplasticizers. The task of choosing materials and selecting of their relative proportions should be done
in complex. Therefore, the technology of modern construction in reinforced concrete urgent problemisto
obtain Self-Compacting Concrete with high rheological properties that determine their durability at
different temperature conditions with using non-vibration technology which improves productivity and
increase the turnover of formwork (Runova, Gots, Rudenko, Petropavlovskyi, Konstantynovskyi &
Lastivka, 2018).

Target of thisarticle

The purpose of the work is the optimal design of technology of Self-Compacting Concrete based
on superplasticized Portland cement compositions, which proved the rational solutions for concrete
performance, technology and exploitation. Superplasticized cementitious systems allow to solve the
problem of obtaining the Self-Compacting Concretes (SCC) hardening at different temperature conditions
are established.

Techniques used

The fluidity of concrete mixtures was determined by FFB (FlieBmaj3 —Flie3zeit — Bloker — Test), as
the average of dump flowability and the viscosity as the time of flowahility of concrete mix to get the
slump flow T500 test. Physical and mechanical tests of concretes were carried out according to usual
procedures. The electron microscopy analysis was used for investigation of superplasticized cementitious
systems hydration processes (Vasim Nye, 2020).

The optimal content of mineral and complex chemical admixtures was determined by methods of
mathematic modeling according to the criteria of flowability and strength of superplasticized cementitious
systems and SCC on their basis (Shi, Krivenko & Roy, 2006). The using polycarboxylate and mineral
additives provide the increasing of slump flow of concrete mixture up to 660-725 mm. This effect is
observed due to the optimal distribution of particles in the system. At the same time the water is located
between the grains of material playing the role of lubricant, which creates the great conditions for particle
dipping, minimization of internal friction and increasing the flowability with the same W/C ratio
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(W/C=0.35). It should be admitted that high flowable concrete mixture with fly ash is characterized by
the mixture flowing time from slump to get the lump flow of 500 mm ts,,=5 s, with limestone microfiller
and metakaolin — respectively 6 and 12 s.

Fine mineral additives and limestone microfiller accelerate the increasing of strength, compact of
concrete matrix due to the effect of “fine powders’ and plays active structure formatting role due to the
creating of possibility of hydrate phase formation. These hydrate phases, in particular hydrosilicates of
type CSH (B), structure active AF,-phases — calcium hydrocarbonates and AF-phases — ettringite, are
characterized binder propertiesin mineral unclinker part of composition (Stark & Maser, 2002).

The microstructure of superplasticized cement paste hydration products (W/C=0.30) after 28
days are shown in Fig. 1. The morphology, crystal structure and composition of these products can be
very different. Cement stone based on the superplagticized cementitious systems after 28 days of hydration is
characterized by a dense microstructure with the presence of hexagona crystals of portlandite size of
10-20 um (Fig. 1, a). If sufficient gypsum is present (as component of complex mineral additive), in
favourable conditions ettringite is the main hydration product in unclinker part (Szwabowski & Golaszewski,
2010). The crystals of ettringite were small, because the ettringite was generated in confined space by
topo-chemical reaction only after the cement matrix had formed (Fig. 1, b). The ettringite precipitates as a
thin layer, which provides the compaction of cement matrix of SCC. This is one of the mgjor causes of
increasing of the early strength of SCC based on superplasticized cementitious systems (Sanytsky,
Kropyvnytska, Rusyn & Geviuk, 2014).

a b

Fig. 1. Microstructure of superplasticized cement stone after 28 days:
crystals of portlandite (a) and dispersive crystals of ettringite (b)

Upon reaching the critical concrete (minimum required) strength 5 MPa creates an opportunity to
counteract the negative impact of negative temperatures (Kurdowski, 2014). Conducted research found
that the compressive strength of superplasticized concrete (C:S:G = 1:1.38:2.29, C=480 kg/m®) after 2
and 28 days in normal conditionsis 19.3 and 46.5 MPa (Fig. 2, a), and at aternating temperatures — 14.8
and 35.8 MPa respectively (Fig. 2, b). During the hardening in norma strength of Self-Compacting
Concretes (C:S:G=1:1.52:2.04, C=480 kg/m°) after 2 and 28 days is 58.3 and 83.2 MPa, and at -2 ... +5 °C —
up to 3585 % of the value of strength in normal conditions and after 7 and 28 daysis 60.8 and 71.8 MPa
respectively (Kirakevych, Sanytsky & Chaykovska, 2015).

In order to study the possibility of construction in the summer investigated the rheological and
physical and mechanical properties of concrete based on superplasticized cementitious systems in hot dry
conditions (t>25 °C, ¢<50 %). Slump flow of Self-Compacting concrete mix in the dry hot conditions lasts
3 hours and 1.5 hours for the first loss of mobility mix up only 8 % (Fig. 3, a). The early strength of Sdlf-
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Compacting concrete at 30 °C is reduced by 20-30 % compared with the strength in normal conditions and
after 2 and 7 daysis41.7 and 56.8 M Parespectively with branded strength is 69.7 MPa (Fig. 3, b).
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Fig. 2. Compressive strength of Self-Compacting and superplasticized concretes at normal conditions (a)
and at temperature-2...+5 °C (b)
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Fig. 3. The lump flow (a) and compressive strength (b) of SCC based on super plasticized cementitious systems

The regulation and control of properties of cementitious systems with fine ground mineral additives
give the possibility of producing concrete of new generation, in particular SCC. High physico-mechanical
properties of SCC based on superplasticized cementitious systems allows increasing durability and
reliability of structures at different exploitative conditions (Kirakevych, Marushchak, Kirichenko &
Sanytsky, 2011). High density causes the increasing of SCC waterproof to the class W20. The corrosion
resistance of concrete obtained after the strength test samples (6 months of hardening) in an aggressive
medium comparatively to strength of specimens stored in water increased. Frost resistance of concrete
was in range of 400 freezing-thawing cycles.

Conclusions

Technologica solutions designing of superplasticized cementitious systems that solves the problem
of obtaining the Self-Compacting Concretes on their basis was established. This creates an opportunity
allows to solve the problem of obtaining for enabling early loading, reducing the production cycle,
increasing turnover and formwork acceleration of monolithic buildings and structures in different
temperature conditions.
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CAMOYIIUIBHIOBAJIBHI BETOHM, IO TBEPAHYTb
Y PI3BHUX TEMIIEPATYPHUX YMOBAX
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VY craTTi HaBeIEeHO OCOOJIMBOCTI MOHOJIITHOTO OCTOHYBAaHHS B PI3HMX TEMIIEPAaTYpHHUX YMOBax Ta
PO3TJIIHYTI aKTyalbHI MUTAHHS TEXHOJOT1l MPUTOTYBaHHS CaMOYIIIbHIOBAJIBHUX OCTOHIB Ha OCHOBI CyIep-
1acTU(IKOBaHUX IIEMEHTYIOUYHX CHCTEM, IO MOEJAHYE 3HAHHS 3aKOHOMIPHOCTEH CTPYKTYPOYTBOPEHHS 1 MO-
IU(IKyBaHHS MOPTIAHANEMCHTHAX KOMITO3UINH “IIOPTIaHIIIEMEHT — aKTHBHI MiHEepasbHiI JOOaBKH — MIiKpo-
HAMOBHIOBadl — CyNepuiacTu(ikaTop — MPHUCKOPIOBadYl TBEPAHEHHsS Ul MOUIYKY PalliOHAIBHUX pillleHb
3a0e3MeueHOCTi TeXHOJOTTYHUX Ta eKCIUTyaTalllfHuX BJIACTUBOCTEH OETOHY B yMOBaxX 3MiHHM (pakTOpiB HOTO
CKJIaly, TEXHOJIOTI{ i eKCILTyaTaIlii.
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BcranoBneHo (hi3HKO-XIMIYHI OCOOIMBOCTI MPOLIECIB TiapaTallii i TBEpAHSHHS CyHepIuiacTH(iKOBaHUX
[IEMEHTYIOUMX CHCTeM, fKi 3aBISKM HampaBlIeHOMY (OPMYBaHHIO CTPYKTYPH I03BOJISIOTH BHpILIyBaTH
mpo0GiieMy oJiep>KaHHS CaMOYIIIIFHIOBAILHUX CyMillleil Ta OETOHIB 3 MIBUAKAM HAPOCTAaHHSIM MIITHOCTI Ha iX
ocHOBI. [IpoBesieHO onTHUMI3allilo CKIIaiB CaMOYIIIbHIOBAIEHIX OETOHIB HAa OCHOBI CynepruiacTu(ikoBaHUX
[IEMEHTYIOYHMX CHUCTEM 3 BUCOKOIO PAaHHBOIO MIIHICTIO, JOCIHIIKEHO iXHI MOKa3HUKU SIKOCTI Ta BCTAHOBJICHO
e(eKTUBHICTh BUKOPUCTAHHS B PI3HUX TEMIIEPATypHUX YMOBAX.

PesynbraTamMu JOCIHIIXKEHb BCTAHOBIICHO, 110 BUKOPHUCTAHHS CYNEpILIaCTH()IKOBAHUX IIEMEHTYHOUYHX
CHCTEM J03BOJISIE HAIIPABJIEHO KEPYBaTH TEXHOJIOTIYHUMH BIACTUBOCTSIMH 1 KIHETHKOIO CTPYKTYPOYTBOPEHHS
Ta CTBOPHUTH MILIHY CTPYKTYPY OCTOHY 3 HOKpaIleHNMH Oy IiBebHO-TEXHIYHIMH BJIACTUBOCTSIMU IIPH TBEP-
HEHHI B PI3HHUX TeMIEpaTypHHUX yMOBaX. Po3po0ieHO TEXHOJIOTiUHI PIilIEHHS MPUTOTYBAaHHS CyNepILIaCTH-
(hikOBaHMX IIEMEHTYIOUHX CHCTEM, SIKi JO3BOJISIOTH BHPIIITYBATH MPOOIEMY OJCp:KaHHS CaMOYIIiTbHIOBAIb-
HUX OCTOHIB Ha X OCHOBI 3 BUKOPUCTAHHAM Oe3BiOpalliifHoi TexHomorii OeTonyBaHHs. [Ipu 11bOMY CTBOpIO-
€TbCS MOJMJINBICTh PAHHBOTO HABAaHTAXKCHHSA KOHCTPYKLIN, CKOPOYEHHS BHPOOHHYOTO IUKIY, 301TbIICHHS
000pOTHOCTI OMATyOKH Ta MPUCKOPEHHS 3BEICHHS MOHOJITHUX OyaAiBeNb i CHOPYA Y PI3HUX TEMIIEpaTypHUX
YMOBax.

KiiouoBi cioBa: moJsikapokcuiart, 30j1a BUHECEHHsI, BAITHSAKOBHIT MiIKpOHANIOBHIOBAaY, MeTa-
KaoJiH, cynepmiacTudikoBani meMeHTYIOUi cHCTeMM, TeXHoJIorisi Oe3BiOpauiiiHoro OeToOHYBaHHI,
CaMOYIiIbHIOBAJIbHI 0€TOHH, TEMIIEPATYPHi YMOBH.



