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1 HaHHOHaJIbHLIﬁ I/ICCJIeIIOBaTeJIbCKl/Iﬁ MockoBcKHii FocyﬂapCTBEHHblﬁ CTPOHTCJIBHbIﬁ YHUBEPCUTET

AHHOTAIIUA

Cyxotl dcapruil KIuMam oka3vledem 3HayumenbHoe 6IUusiHIe Ha CBOUcmea 6emonos. B pabome npedcmasnenvt pe3yibmame
IKCNEPUMEHMATLHBIX UCCIe008AHUT NPU PA3PABOMKe COCMABA KOMNOZUYUOHHO20 BANCYIE20, COCMOSE20 U3 NOPMIAHOYe-
MeHma U 00NOMUMOB020 MUKPOHANOIHUMENS, NOJYYEHHO20 aKmusayuel omceea opooaenus 00JoMuma 6 wapogou 1abopa-
mopHou menvruye. Codepoicanue 00JI0MUMOB020 HANOAHUMeNs 6 nopmiaanoyemernme cocmasuno 10, 30 u 50%. Ilokaszano,
UmMo 00OMUMOBHITE MUKPOHANOIHUMENb NPU €20 COOEPAHCAHUU 8 BAACYUeM, 8 Konuyecmae bonee 10%, chudicaem npounocmo
Ha cocamue. YCmanogieHo, 4mo 00JOMUMOBLI HANOIHUMELb CHUNICAE 86000NOMPEOHOCHIb, COKPAWAEn 8PeMs CX6AMbIEA-
HUS U yMeHbuaem YCcaoKy KOMIO3UYUOHHO20 8ACYWe20 npu meepOoeHuu. [[na onmumusayuy cocmaga RPUMeHsics 08yxgax-
MOPHbIIL KOMNOSUYUOHHBI (POMAmMabenvhblll) IKCHePUMEHM ¢ K8AOPAMUYHOU MOOeNbIo, 00eCneyusarwulli MaKCUMAnbHY0O
NPOYHOCIb NPU OOCIMUNCEHUU MPedYeMbIX MEeXHON02UYeCKUx noKazamenel. Ycmanosnen OnmumMaibtblill COCMas KOMIO3UYU-
OHHO20 852ICYWe20, cocmoswezo uz 67% nopmaanoyemenma u 23 % 0010MUMOB8020 MUKPOHANOIHUMEINSL C YONbHOU NOBEPX-
nocmoio 600 cm?/z. [losmomy 0ns nosviuenus mpewunocmouKocmu 6emona npumenenue OoIoMUMoE8020 HANOIHUMENS 6 CO-
cmase KOMNO3UYUOHHO2O 8axCyuje2o 05l OeMOH08 CYX020 HCAPKO20 KIUMAMA AKMYAIbHO, YMO C8A3AHO C €20 MeHbulell ycao-
Kot npu meepoeHul.

KJIIFOUEBBIE CJIOBA: 6emon, kapbonamHble mamepuansl, omces OpooieHus 00I0MUMd, MUKPOHANOIHUMELb, KOMNO-
BUYUOHHOE 85ICYUee, NOPIILAHOYEMEH
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OPTIMIZATION OF THE COMPOSITION OF COMPOSITE BINDER FOR DRY HOT
CLIMATE CONCRETE
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ABSTRACT

A hot dry climate has a significant impact on the properties of concrete. The paper presents the results of experimental
studies in the development of the composition of a composite binder consisting of Portland cement and a dolomite micro-filler
obtained by activating the screening of dolomite crushing in a ball laboratory mill. The content of dolomite filler in Portland
cement was 10, 30 and 50%. It has been shown that dolomite micron filler, when its content in the binder is more than 10%,
reduces compressive strength. It has been found that dolomite filler reduces water consumption, reduces setting time and re-
duces shrinkage of the composite binder during hardening. To optimize the composition, a two-factor composite (rotatable)
experiment with a quadratic model was used, which ensures maximum strength when the required technological parameters
are achieved. The optimal composition of the composite binder, consisting of 67% Portland cement and 23% dolomite filler
with a specific surface area of 600 cm?/g, has been established. Therefore, to increase the crack resistance of concrete, the use
of dolomite filler as part of a composite binder for concrete in dry, hot climates is relevant, due to its lower shrinkage during
hardening.
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BBEJEHHE

Cyxoit KapKkuif KIMMaT OKa3bIBAacT 3HAYUTEIHHOC BIIMSTHUC
Ha CBOWCTBa OETOHOB, UTO CBS3aHO C MOBBIIICHHON TEeMIIepaTy-
POl U HU3KOM OTHOCUTENBHOM BJIAXKHOCTBIO OKpYXKaroIlen
Cpebl, IPSIMBIM COJHEYHBIM M3Iy4E€HHEM, KOTOPBIE IIPUBOIST K
OBICTPOMY HCIIapEHHIO BOJBI M3 CBEXKEYJIOKEHHOH OeTOHHOU
cMmecH. Takue yclioBHsl TBEPJICHHSI OKa3bIBalOT HEraTHBHOE BIIH-
SIHUE, YTO IPHBOAUT K YXYJIICHUIO CBOMCTB, OBICTPOI moTepu
MOABHXHOCTH, TIPEKAEBPEMEHHOMY CXBAThIBAHUIO, 3HAYMTEIIb-
HOH ycajIKe U pacTPECKUBAHUIO OETOHOB.

[ToBbImeHHbIE TeMIEpaTypsl W WHTEHCHBHOE HCIIApEHHE
BOJIBI C TOBEPXHOCTH CBEXKEYJIOKEHHOH OETOHHOM CMECH BICKYT
3a coboi yBenmdueHHe AedopMauil IIACTUIECKOH ycaaku, KO-
TOpas B JJbHEHIIEM NEPEXOANT B yCAAKy BBICBIXAHHS, IIPUBO-
JSIIIYI0 K PAcTPECKHBAHHUIO H3JCIUHM, W3MEHEHHIO CTPYKTYPBI
0eToHa U CHIDKCHUIO NX (PM3UKO-MEXaHHYEeCKUX Moka3zareneil. K
OCHOBHBIM (haKTOpam, BIHSIOIINX Ha IUITACTUYECKYIO YCAIKY, OT-
HOCHTCSI BOJIOLIEMEHTHOE OTHOILEHHUE, COAEPIKAHUE TOHKO/IHC-
MEPCHBIX KOMIIOHEHTOB, IIPUCYTCTBUE YCKOPHUTEINICH U 3aMe -
Tenei TBepeHH s, a TaAK)Ke TUIACTU(ULHPYIONNX 100aBOK.

YBenuueHne cpoka Ciry:KObl KOHCTPYKIIMH U3 IIEMEHTHBIX Oe-
TOHOB MOJET OBITh JOCTHUTHYTO MPUMEHCHHEM KapOOHAaTHBIX
MOPOJI, KOTOPBIE MPUMEHSIOTCS I IPONU3BOICTBA KPYITHOTO 3a-
TIOJTHUTEIA, IPOOJIEHBIX ECKOB M TOHKOAMCIIEPCHOTO HAIIOTHHU-
TeIsl, BXOJSIIETO B COCTaB KOMIIO3UIIMOHHOTO BSDKYILETO H Oy-
JyT HOBBIIIATh CTOMKOCTh OETOHA B YCIIOBHSAX CyXOTO >KapKOTO
KJIMMarta.

[Tokazano [0], 4TO CHIKEHHE MIACTHYECKON yCaaKH U Tpe-
JOyNpeKXAeHUE TPEIINHOOOpa30BaHHs IPOUCXOIUT B CIIydae MpH-
MEHEHHUS TOJMMEPHOH (PUOPHI, POjb KOTOPOW 3aKIHOYacTCs B
CHIYKEHUH yCaIouHbIX AedopMaliiii, IpeJoTBpalleHnH 00pa3o-
BaHMS U PACHPOCTPAHEHHS] MUKPOTPELIMH U CO3aHUsI TIEPEMbI-
YeK MEXXIY HUMH.

OTMedaeTcst poilb B CHIXXEHUH MOKa3aTelel IIacTHIeCKOH
yCaKH OBICTPOTBEPCIONINX BEICOKOMAPOYHBIX [IEMEHTOB, TIPH-
CYTCTBUS MOAN(HUKATOPOB BA3KOCTH Ha OCHOBE IeIUTI0N03bI. Cy-
IIECTBEHHOE BIIMSIHUE Ha TPEIIMHOOOpa30BaHME NPH IUIACTHYE-
CKOH ycajike MIMeeT BOAOIIEMEHTHOE OTHOIIeHHe. J{J1st yMeHbIe-
HUS TUIACTUYECKON ycaaku 3(pQeKTUBHBIM CIIOCOOOM SBIISETCS
MpUMEHeHue cynepruiactudukaropos [0].

BBeneHrne TOHKOIUCTIEPCHBIX HAIMOJIHUTENEH B OETOHHYIO
CMeCh B OOJIBIINX KOJIMYECTBAX, UMEIOIINX BBICOKYIO YJIENbHYIO
MOBEPXHOCThIO, MOYKET YBEJIMYMBATH IUIACTUUECKYIO YCAJKY.
YcranosneHo [0], yTo BBefeHHE MUKPOKPEMHE3eMa IOBBIIIAET
TpenmHO0Opa3oBaHue OETOHA.

ToHkoancnepcHble KapOOHATHBIE 100aBKH, BBOJIUMBIE B 1ie-
MeHT B koiudectBe 10 30 %, y4yacTBYIOT B (pOpMHpPOBaHHU
CTPYKTYpBI IEMEHTHOTO KaMHs1. [IpuMeHeHne kapOOHATHBIX J10-
6aBOK B 0€TOHAX CIIOCOOCTBYET YMEHBLIEHHUIO BOJIOIIOTPEOHOCTH
CMecH, IMPEISITCTBYET ee PaccianBaeMOCTH M BOJIOOT/IENICHHIO,
MOBBIIIAET X INIOTHOCTh M OJIHOPOJHOCTb, CHIDKAET yCaIKYy, BO-
JoJiorJIonieHre u TeruoBsinenenue [0, 0].

CornacHo MOJUCTPYKTypHO# Teopun [0], OETOHBI, H3TOTOB-
JICHHBIE C MCIOJIb30BAaHUEM MHHEPAIbHBIX BSOKYIIHUX, PEICTaB-
JSIFOT COOO0M MONMCTPYKTYPHBIE MaTepHalbl, B KOTOPOM CTPYK-
Typa HIXKHETO ITPOM3BOJILHO BEIOPAHHOTO MaclITaOHOTO YPOBHS
ABJISIETCS 3JIEMEHTOM CTPYKTYpHI 0o0Jiee BHICOKOTO ypoBHs. Or-
TUMHU3AIHS PEKXUMOB (OPMHUPOBAHHS OTIEIBHBIX CTPYKTYp H
HOJIMCTPYKTYPBI ONpEeNsieT TEXHOJIOTHIO N3rOTOBICHHST OeTo-
HOB. MuKpocTpyKTypa OeToHa (OpMUPYETCSl IPH COBMECTHOM
B3aUMOJICHICTBUM MMHEPAILHOTO BSDKYILETO, BOJBI, MHUKPOHa-
MOJIHUTENI W IUacTUUIUpyloniern  nobaBkm. CBolicTBa

INTRODUCTION

A hot dry climate has a significant impact on the
properties of concrete, which is associated with in-
creased ambient temperature and low relative humidity,
and direct sunlight, which lead to rapid evaporation of
water from the freshly laid concrete mix. Such hardening
conditions have a negative impact, which leads to dete-
rioration of properties, rapid loss of mobility, premature
setting, significant shrinkage and cracking of concrete.

Elevated temperatures and intense evaporation of
water from the surface of the freshly laid concrete mix
entail an increase in plastic shrinkage deformations,
which later turns into drying shrinkage, leading to crack-
ing of products, a change in the structure of concrete and
a decrease in their physical and mechanical properties.
The main factors affecting plastic shrinkage include the
water-cement ratio, the content of finely dispersed com-
ponents, the presence of accelerators and retarders of
hardening, as well as plasticizing additives.

An increase in the service life of cement concrete
structures can be achieved by using carbonate rocks,
which are used to produce coarse aggregate, crushed
sands and finely dispersed filler, which is part of the
composite binder and will increase the resistance of con-
crete in a dry, hot climate.

It was shown [1] that reduction of plastic shrinkage
and prevention of cracking occurs when using polymer
fiber, the role of which is to reduce shrinkage defor-
mations, prevent the formation and spread of mi-
crocracks and create bridges between them.

The role of cellulose-based viscosity modifiers in re-
ducing the plastic shrinkage of fast-hardening high-qual-
ity cements is noted. The water-cement ratio has a sig-
nificant effect on cracking during plastic shrinkage. To
reduce plastic shrinkage, the use of superplasticizers is
an effective way [2].

The introduction of the fillers into the concrete mix
in large quantities having a high specific surface area can
increase plastic shrinkage. It was established [3] that the
introduction of silica increases the cracking of concrete.

Finely dispersed carbonate additives introduced into
cement in an amount of up to 30% are involved in the
formation of the cement stone structure. The use of car-
bonate additives in concrete helps to reduce the water
consumption of the mixture, prevents its delamination
and water separation, increases their density and uni-
formity, reduces shrinkage, water absorption and heat
dissipation [4, 5].

According to the polystructural theory [6], concretes
made using mineral binders are polystructural materials
in which the structure of the lower arbitrarily selected
scale level is an element of the structure of a higher level.
Optimization of the modes of formation of individual
structures and polystructure determines the technology
of concrete production. The microstructure of concrete
is formed by the combined interaction of a mineral
binder, water, a micro filler and a plasticizing additive.
The properties of the microstructure depend on the
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MHKPOCTPYKTYPHI 3aBHCAT OT KOJIWYECTBEHHOTO COOTHOIICHHUS
MEXIIy MHHEPAIbHBIM BSDKYIIUM, MUKPOHATIOJHHUTEIEM, BOJIOH,
WX JUCHEPCHOCTBIO H  (PH3HKO-XUMHYECKOW aKTHBHOCTBHIO
HanoxauTens [0]. B MukpocTpykType mpeobiaagaromas poib OT-
BOJIUTCSI CTETICHH HATIOJMHEHHUS, TUCIIEPCHOCTH M aKTUBHOCTH
Mukponanonauress [0]. CoaepxaHre MUKPOHATIOIHUTENS pas-
HOHM JUCIEPCHOCTH MOXKET HaXOJHUTCS B IIMPOKHX IIpejernax.
[Ipu 3TOM BsDKyIIEe SIBISIETCS OCHOBHBIM CTPYKTYpooOpazyro-
UM KOMITIOHEHTOM.

[Ipn mpou3BOACTBE OJOMHTOBBIX 3alOJHHUTENCH 00pa3sy-
eTCsSl 3HAYUTENFHOE KOIMYECTBO OTX0H0B. OTCEBBI APOOIICHUS
meOHs 13 KapOOHATHBIX ITOPOJI 3a9aCTYIO MPEICTABICHBI TPaHy-
JIOMETPUIECKAM COCTaBOM, KOTOPBI HE COOTBETCTBYET TPeOO-
BaHIIM CTaHAAPTOB U1 WX NpUMEHEHHUs B OeToHe. BBemenne
MBIJICBIIHON 9acTH OTceBa ¢ pa3mepoM dactui Meree 0,160 MM
B Ka4eCTBE MUKPOHAIIOIHUTEIS B OETOH HeleIecoo0pa3Ho U3-3a
pa3J'IH‘-IHOI71 JAUCTIICPCHOCTHU U NPUCYTCTBUA YaCTHUI] HLIHCBHI[HOﬁ

quantitative ratio between the mineral binder, micro-
filler, water, their dispersion and the physico-chemical
activity of the filler [7]. In the microstructure, the pre-
dominant role is assigned to the degree of filling, disper-
sion and activity of the micro filler [8]. The content oof
different dispersion can be in wide ranges. In this case,
the binder is the main structure-forming component. A
significant amount of waste is generated during the pro-
duction of dolomite aggregates. Screening of crushed
stone from carbonate rocks is often represented by a
granulometric composition that does not meet the re-
quirements of standards for their use in concrete.

The introduction of a pulverized part of the screening
with a particle size of less than 0.160 mm as a micron
filler into concrete is impractical due to the different dis-
persion and the presence of particles of a pulverized frac-

¢dpaxmuu ot 32 10 365 MM (puc. 1).

PUCYHOK 1

MUKPOCTPYKTYPA NBIJIEBUIHON ®PAKIUH
OTCEBA JPOBJIEHUSA JOJIOMUTA

Figure 1

Microstructure of the dust grains of dolomite quarry
waste

BBenenne MUKpOHANONHUTENEH B COCTaB BSDKYILETO
OKa3bIBAECT BIMSHUE HA yBEIUYEHHUE TNIOTHOCTU LEMEHTHOTIO
KaMHS U CIIOCOOCTBYET YIIPOYHEHUIO KOHTaKTHOU 30HHI [0].
Oco0yto ponb B COCTaBe IIEMEHTOB HA OCHOBE MOPTIaH/LIe-
MEHTHOTO KJIMHKEpa BBINOJIHAIOT KapOOHAaTHbIE NOOABKH,
OKa3bIBAIOIINE BIMSHUE Ha (JOPMHPOBAHUE MPOYHOCTH Iie-
MeHTHOro KamHsA [0, Ommoka! MCTOYHMK CCBLIKM He
HaiijeH., 0].

Jlnst ctabuiu3anu cocTaBa U CBOMCTB HAITOJTHUTEICH Ha
OCHOBE ITPOMBIIIICHHBIX OTXOJ[0B IPUMEHSIOTCS CHEeIHab-
HBIE TEXHOJOTHMYECKHE MTPHEMBI, BKIIOYAONINE UX aKTHBA-
LU0, B pe3yJbTaTe KOTOPOH BO3PACTaeT PEaKIIMOHHAS CIIO-
COOHOCTb HAIIOJHUTEJICH, ITOBBIIAETCS UX OJHOPOJHOCTH,
YCKOPSIIOTCS XUMHYECKNE PEAKIUKM KaKk MeX1y TBepaodas-
HBIMU KOMIIOHEHTaMH, TaK U MEXy TBEPJbIMU U )KUIKUMH,
HaOJII0Jal0TCsl NI3MEHEHHUST COCTaBa U CTPOCHUS U3MEIIbUCH-
HOTO BEIIECTBA.

[ToBBImIeHHOE COAEpIKaHUE BSDKYIIETO W MUKPOHAIIOJN-
HUTENS B OETOHE TPH HU3KOM BOJOCOJIEPKAHUU B MPHUCYT-
CTBHH CYTIEPIUIACTU(PHUKATOPA BEAET K 00pa30BAHNIO TOHKO-
3€pHHCTOTO Telsl, CIIOCOOCTBYIOIIETO CHIKEHUIO MOPHCTO-
¢ty TBEPMON ¢a3pl. ['mapaTtanus BKYyIIETO TPOUCXOIAUT B
CTECHEHHOM IIPOCTPAaHCTBE IIPH HU3KOM BOAOBSIKYILEM

tion from 32 to 365 um (Fig. 1).

det |spot —_— —_—
ETD| 4.0
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The introduction of the fillers into the binder has an effect
on increasing the density of cement stone and helps to
strengthen the contact zone [9]. A special role in the compo-
sition of cements based on Portland cement clinker is played
by carbonate additives, which affect the formation of the
strength of cement stone [10, 11, 12].

To stabilize the composition and properties of the fillers
based on industrial waste, special technological techniques
are used, including their activation, as a result of which the
reactivity of the fillers increases, their uniformity increases,
chemical reactions accelerate both between solid-phase com-
ponents and between solid and liquid, changes in the compo-
sition and structure of the crushed substance are observed.

The increased content of binder and micro filler in con-
crete with low water content in the presence of a superplas-
ticizer leads to the formation of a fine-grained gel, which
helps to reduce the porosity of the solid phase. The hydration
of the binder occurs in a confined space with a low water-
binding ratio, which makes it possible to obtain concretes
with increased performance properties [13].

The chemical composition, dispersion, and method of in-
troducing the micro filler into the binder affect not only the
formation of the structure and properties of cement stone, but
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OTHONICHHWH, YTO TIO3BOJISIET TOIy4YaTh OETOHBI, 00Janaro-
TIHe TIOBBIIICHHBIMA YKCIUTyaTaIllHOHHBIME cBoicTBamH [0].

XuMHUUeCcKuii cOCTaB, TUCTIEPCHOCTD U CITOCO0 BBEACHUS
MHUKPOHAIIOJIHUTEIS B COCTaB BSDKYIIETO OKA3bIBAIOT BIIHA-
HHE HE TOJBKO Ha (pOpMUpOBaHHE CTPYKTYPHI U CBOMCTB Ie-
MEHTHOTO KaMHsI, HO U BOJOTNOTPeOHOCTh Bsikymero [0]. B
pabore [0] mokazaHo, A1 YBEIMUCHHUS yACIbHON OBEPXHO-
CTH W TOJYYCHUS XHMUYECKH AKTUBHOTO IOJOMHTOBOIO
HAIIOJIHUTEIIS ObLIa IIPOBEJICHA MEXaHWYECKask aKTHBaIus. B
JAHHO¥ pa®oTe OBLIO MU3yUYEHO BIHMSHUC aKTHBHPOBAHHOIO
JIOJIOMHUTOBOTO MUKPOHAIIOTHUTEIS Ha CBOMCTBA KOMITO3H-
LMOHHOTO BSDKYLIEro. BbIIO Moka3zaHO, YTO IO BO3JAEH-
CTBHEM MEXaHUYECKOI aKTHBALINHU Pa3Mep YaCTHUIl HATTOTHH-
Tens cHmxaercs ¢ 55,78 mo 1,4 MKM Tpu M3MEHEHHH €ro
yIenbpHoM mosepxHocty ¢ 206,5 10 639,9 M%/kr.

Otmeuaercss [0], Wro Tpu BBeACHWH KapOOHATHBIX
HAIOJIHUTENICH BOMOTPEOHOCTh MOPTIAHIIIEMEHTAa CHUXA-
ercs [0]. [IpucyTcTBHE MEIKHMX MNIMHUCTBIX YaCTHIl B KapOo-
HATHOM HAIOJIHUTEIE, a TAK)KE 00JIee IUIOTHAS YIIaKOBKa Ya-
CTHUI] B KOMITO3UITMOHHOM BspKymeM [0, O] BAUSIIOT Ha mo-
JIBIDKHOCTh PAacTBOpa, KOTOpas MOXKET KaK YMEHBIIAThCS,
TaK U YBCJINYUBATLHCA B 3aBUCUMOCTHU OT MPOUCXOKACHUA U
KOJIM4eCTBa KapOOHATHOTO HATIOIHHUTEISL. DTO CBA3aHO C He-
0OJBIION MIEPOXOBATOCTEI0 TOBEPXHOCTH, KOTOPasi YMEHb-
IIaeT TpeHUe MeX Ay JacturamMu. KapOoHaTHBIE TOPOIHI, Ta-
K€ KaK KaJbIUT, MET M JOJOMHUT, UMEIOT KPYTIYIO WA
Omu3KyIo K cheprueckoit GopMy TacTHII.

Jiss yMeHbIIEHUS yCaI0YHbIX TPEIINH OETOHA B CYXOM
JKapKOM KJIMMarte HCO6XOI[I/IMO YMEHbLUIUTH BOOAOLICMEHTHOC
OTHOIIICHHE U COJICPIKAHUE IEMEHTHOTO TecTa. [loBhIcHHE
TPEUIMHOCTONKOCTH OETOHA BO3MOXKHO MYyTEM MPUMCHCHUS
KOMITO3UITHOHHOTO BSDKYIIETO Ha OCHOBE MOPTJIAHAIEMEHTA
1 TOJIOMUTOBOTO MHUKPOHAIIOJHUTEIIA, IMTOJTYy4acMOT0 IIyTEM
AKTUBAIINH OTXOJOB JTOIOMHTOBOTO Kaphepa.

Ienbio uccjie0OBaHuUs SBISCTCS ONTUMH3AINSA COCTABA
KOMITO3UIIHOHHOTO BSDKYIIETO W3 OPTIaHIIEMEHTA U I0JI0-
MHUTOBOTO MHKPOHATIOJTHHUTEIS, a TAKXKE M3YUCHHUE BIMSTHUS
JIOJIOMUTOBOTO HATIOJIHUTEINS Ha BOJOIOTPEOHOCTH, CPOKH
CXBAaTBIBaHUS, IPOYHOCTH HA CXKATHE, YCAIKY, a TAKKE CpPaB-
HEHHE er0 XapaKTePUCTHK C TOPTIAHIIIEMEHTOM 03 HaIoJI-
HUTEIIS.

MaTepna.m)l U METOAbI UCCJICIOBAHUSA

OO0BbeKTOM HCcCiIeIoOBaHUS B paboTe SBISETCS IIeMEHT-
HBII KaMEHb HAa OCHOBE KOMITO3UIIMOHHOTO BSKYIIIETO BEIIle-
ctBa. [ m3roToBiieHns1 00pa3IoB B HCCIEAOBAHUN TIPUME-
HSUIACH CIICAYIOIINE MAaTSPUAITEL:

- mopmmagameMednt LIEM 1 525H «Xaiinens0eprie-
MeHT», B cooTBeTcTBHM ¢ ['OCT 31108-2020 ¢ yaenbHOi no-
BEPXHOCTBIO 377,3 M?/KT, MUHEpPAJIOTHYECKAM U XUMHYE-
CKHM COCTaBOM, IpeacTaBiIcHHbIMA Tabmume 1 u 2. OcHOB-
HBIMH CBOWCTBaMH TMOPTIAHALIEMEHTa SBISIIUCH CPOKH
CXBaTBHIBAHMS C HAYAJIOM M KOHIIOM CXBaTbiBaHus: 195 u 235
MUH; BotonioTpeOHOCThIO 30,2 %; MPOYHOCTHIO Ha CIKATHE B
Bo3pacTe 2 u 28 cyT, paBHO# 29,9 m 62,6 Mlla cootBet-
CTBEHHO;

- JOJIOMHUTOBBIA MHKpPOHATIOJHUTENh, XUMHUECKHUMA

coCTaB KOTOPOTO MPUBEICH B Ta0I. 3.

XuMHUUeCKUil aHAM3 TOPTIAHIIEMEHTa W JTOJIOMHUTO-
BOT'O 3allOJIHUTENS H3YyYaliCsi Ha PEHTTCHOBCKOM aHaJIH3a-
tope Bruker S4 Pioneer n Bruker S8 Tiger. Munepanornye-
CKHIi COCTaB MOPTIAHALIEMEHTA ONpPEAeIsUICS Ha Ja3epHOM
mudpaxkromerpe Bruker D2.

also the water consumption of the binder [14]. It was shown
in [15] that mechanical activation was performed to increase
the specific surface area and obtain a chemically active do-
lomite filler. In this work, the effect of activated dolomite
micro filler on the properties of a composite binder was stud-
ied. It was shown that under the influence of mechanical ac-
tivation, the particle size of the filler decreases from 55.78 to
1.4 pm with a change in its specific surface area from 206.5
to 639.9 m*/kg.

It is noted [17] that with the introduction of carbonate
fillers, the need for Portland cement decreases [16]. The
presence of fine clay particles in the carbonate filler, as well
as a denser packing of particles in the composite binder [16,
17], affect the mobility of the solution, which can either de-
crease or increase depending on the origin and amount of the
carbonate filler. This is due to the slight surface roughness,
which reduces the friction between the particles. Carbonate
rocks such as calcite, chalk, and dolomite have round or near
spherical particle shapes.

To reduce shrinkage cracks in concrete in dry, hot cli-
mates, it is necessary to reduce the water-cement ratio and
the content of cement paste. Increasing the crack resistance
of concrete is possible by using a composite binder based on
Portland cement and a dolomite micro-filler obtained by ac-
tivating dolomite quarry waste.

The purpose of the study is to optimize the composition
of a composite binder made of Portland cement and dolomite
filler, as well as to study the effect of dolomite filler on water
consumption, setting time, compressive strength, shrinkage,
as well as to compare its characteristics with Portland cement
without filler.

Materials and methods of research

The object of research in this work is a cement stone
based on a composite binder. The following materials were
used to make the samples in the study:

- portland cement CEM 1 52.5H “Heidelbergcement”, in
accordance with GOST 31108-2020 with a specific surface
area of 377.3 m?/ kg, mineralogical and chemical composi-
tion, presented in Tables 1 and 2. The main properties of
Portland cement were the setting time with the beginning and
end of setting: 195 and 235 minutes; water consumption of
30.2%; compressive strength at the age of 2 and 28 days,
equal to 29.9 and 62.6 MPa, respectively;

- dolomite micron filler, the chemical composition of
which is given in Table 3.

The chemical analysis of Portland cement and dolomite
aggregate was studied using a Bruker S4 Pioneer and Bruker
S8 Tiger X-ray analyzer. The mineralogical composition of
Portland cement was determined using a Bruker D2 laser dif-
fractometer.
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TABJIALA 1. MUHEPAJIOTUYECKHIA COCTAB HOPTJAHJLIEMEHTA LEM I 52,5H

«XAUJIEJBBEEPTHHEMEHT PYC»

Table 1. Mineralogical composition of Portland cement CEM I 52.5N “Heidelbergcement Rus”

MmuHepaJjioruuecKkuii cocras, %
Mineralogical composition, %

CsS C:S CsA CsAF
64 14 7 11
TABJIALIA 2. XUMHUYECKHUMA COCTAB MMOPTJIAHALIEMEHTA IIEM I 52,5H
«XAWJIEJbBEPTLIEMEHT PYC»
Table 2. Chemical composition of Portland cement CEM I 52.5N “Heidelbergcement Rus”
Coaep:xanue oOKCHI0B, %
The content of oxides, %
SiO: ALO3 Fe203 CaO MgO SOs K20 Na.O MnO TiO: P20s ILILIL
21,23 4,78 3,31 62,95 1,65 3,22 0,66 0,12 0,08 0,28 0,06 1,60
TABJIAIIA 3. XUMHWYECKHUM COCTAB JJOJIOMHATOBOI'O MUKPOHAIIOJTHUTEJIS
Table 3. Chemical composition of dolomite filler
Coaep:xanue OKCuI0B, %
The content of oxides, %
SiO2 ALO3 | Fe:O3 CaO MgO SOs K20 Na:0 MnO TiOz2 | P20s ILILIIL.
2,12 0,69 0,32 35,56 17,38 0,15 0,19 0,08 0,01 0,03 0 45,16

JKcIepuMEHThI M 00Cy KIeHHe pe3yIbTaTOB

Jis onTUMH3alMU COCTaBa KOMIIO3MIIMOHHOTO BSIXKY-
IIEro ¢ JI0JIOMHTOBBIM MHUKPOHAIOJIHUTEIEM ObUI peaii3o-
BaH JABYX(AKTOPHBIH KOMIO3MIMOHHBINA (pOTaTabeIbHbII)
SKCIIEPUMEHT C KBaJ[paTUYHOW MOjenblo. B kadecTBe dax-
TOPOB BapbHPOBAHHMS OBIIM BBEIOPAHBI COJIEpKAHHE MHKPO-
HAIIOJIHUTENS B BXKYIIEM OT MacChl IEMeHTa X1 U yAenbHas
MOBEPXHOCTh HAIOJHUTENS Xz. B Tabs. 4 mpencraBieHbl
(baxTOpBI, YPOBHM M MHTEpBallbl BapbupoBaHus. s pac-
yera ABYX(aAKTOPHOTO IIaHA M 00pabOTKH pe3yJbTaToB
IUIAHUPOBAHUSL DKCIIEPHMEHTa NMPHUMEHSIICS MPOTrpaMMHBIN
komiutiekc «Gradienty [0].

OO11ee KOJIMYECTBO IKCIEPUMEHTAIBHBIX COCTaBOB CO-
ctaBuiio N =9, KOJHMYECTBO MOBTOPHBIX OIBITOB JJIS KaX-
JIoi TOuku He MeHee 7 = 3. Pe3ynbpTaThl MIPOBEAEHHBIX IKC-
MEpPUMEHTOB NIPEICTABICHBI B TAa0I. 5.

Experiments and discussion

A two-factor compositional (rotatable) experiment with a
quadratic model was implemented to optimize the composi-
tion of a composite binder with a dolomite filler. The content
of filler in the binder from the weight of cement X1 and the
specific surface area of the filler X2 were chosen as the fac-
tors of variation. Table 4 shows the factors, levels, and ranges
of variation. The Gradient software package was used to cal-
culate the two-factor plan and process the results of the ex-
periment [18].

The total number of experimental formulations was N =
9, the number of repeated experiments for each point was at
least n = 3. The results of the experiments are presented in
Table 5.

TABJINLIA 4. YPOBHU U UHTEPBAJIbI BAPBIPOBAHUS ®AKTOPOB

Table 4. Levels and intervals of variation of factors

PakTopel YpoBHM 1 BapbHpOBa
Factors p mmp P HNutepBan Enununst
O0603HaueHHE .. BapbUpPOBa- | H3MepeHHs
. . Levels and variations b
Designation HUS Units of
HaumeHnoBanue
KonupoBanubie The range measure-
Name Yt
eIMHUIIBI -1 0 +1 of variation ment
Coded units
CoJiepkaHue HATIOJIHUTEIIS B KOMITO3UIIMOHHOM
Aep H Xi 10 | 30 | 50 20 %
BSDKYIIIEM
Y nenbHas TOBEPXHOCTh MUKPOHAITOJIHUATEIS Xz 400 500 600 100 M2/KT
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TABJINIIA S. PE3YJIBTATBI DQKCIIEPUMEHTOB
Table 5. Results of experiments

3Hauenus GaKTOPOB
Touka Values of the factors Hopmanbnas ry-
fl1aHa KoaupoBaHHbIe HatypaabHble Rzs, MITa Eye, MM/M crora, %
The point of o~ R R23, MPa €shr, MM/M Standard
the plan X X X X consistency, %

1 -1 -1 10 400 77,2 2,23 30,0

2 1 -1 50 400 50,0 1,90 26,2

3 -1 1 10 600 79,9 1,92 28,0

4 1 1 50 600 57,5 1,59 242

5 -1,4142 0 1,72 500 77,0 2,15 29,2

6 1,4142 0 58,28 500 42,7 1,85 25,2

7 0 -1,4142 30 358.58 61,0 2,08 28,2

8 0 1,4142 30 641.42 68,1 1,87 26,2

9 0 0 30 500 63,7 1,96 27,2

10" - - - - 76,0 2,35 30,2

[Tpumedanue: * — KOHTPONIBHEIHA cocTas u3 LIEM 52,5 H Note: * — control composition from CEM I 52.5 N

B pesynpTare mpoBeneHHBIX MCCIEIOBAHUN OBLIM TOIY-
YeHbl MOJENIM TOJMHOMHUAIBHON PErpeccHu, OMUCHIBACMbIE
ypaBHeHueM (1), xapakTepusyroiue 3aBUCUMOCTh OCHOBHBIX
CBOMCTB KOMIIO3UIIHOHHOTO BSXKYIIETO OT COJEPIKAHUS MUKPO-
HanoJHUTeNs (X1) U ero gucnepcHocTu (X2):

Y =By + B, X, + B,X, + B, X, X, + B;1 X2 + Byyx2 (1)

IlosydeHbl perpecCHOHHbIE MOJEIU OIMCHIBAIOT 3aBUCH-
MOCTH BOAONOTPEOHOCTH, Ipeaea MPOYHOCTH Ha CHKATHE, JTH-
HEWHBIX OTHOCUTENBHBIX AedopManuii ycaaku OoT yKa3aHHBIX
paHee BapbUpPyeMbIX (aKTOPOB.

YpaBHEHHUE perpeccu HOPMaIbHOM I'yCTOTBI UMEET BUJL:

HI (SC) = 27,24 — 0,193X; —

[omyueHHOE YpaBHEHUE PETPECCHH CBUACTEIBCTBYET O MO~
HIDKAIOMIEeM 3HadeHUH K03 GuirenTa X, KOTOPBIH OTHOCHTCS
K COJICPYKaHUIO JOJIOMHTOBOTO MHUKPOHAMONHUTENSA. Pe3ynb-
TaThl HMCCIEOBAHUS CBOHCTB KOMITO3HIIMOHHOTO BSDKYIIETO
YVKa3bIBalOT HA CHIDKEHHE BOJOMOTPEOHOCTH, HECMOTpPS Ha
NPUCYTCTBHE YACTHUI[ JOJIOMHTOBOTO MHKPOHAIMOJHUTEIS C
pa3MepoM YacTHI[ MEHEE 5 MKM, YTO COTJIACYeTCs C AaHHBIMU
npyrux uccnemoBareneit [0]. OTMedaeTcss yMEHbIIIEHHE BOJIO-
MOTPEOHOCTH IIEMEHTOB ¢ KapOOHATHBIMHU HAIOJHUTEIISIMH 110
CPaBHEHHMIO C BOJOTIOTPEOHOCTHIO TIOPTIAHAIIEMEHTa 0e3
HAIIOJIHUTEIIS, JTaXKe TPU OOJBIICH TOHKOCTH momodna. [lomo-
JKUTEIBHOE BIUSHUE HA CHWKCHUE BOIOMOTPEOHOCTH OTMEYa-
eTcs Takke B padote [0] mpu BBeeHHH KapOOHATHOTO HATIOJN-
HUTEN. Y BETHUYCHHE COJICpKaHue MOJIOTOro m3BecTHska 10 20 ground limestone to 20 and 35% leads to a decrease in wa-
1 35 % NPUBOAMT K CHWIKEHHIO BoJONOTpeOHOCTH ¢ 26 % 110
24.0...22,5 % cooTBeTcTBeHHO. MakcUMalbHOE CHUXKEHUE BO-
JIOTIOTPEOHOCTH HAOIIOAAETCS MPU COJIEPIKAHUN HATIOTHUTEIIS
B BsOKyIIeM B KommdecTBe 50% W yIelbHON MOBEPXHOCTHIO
600 mM%/xr. IIpr 5TOM TIpU BBEIEHUHM MUKPOHATIOTHUTEIS BOJIO-
noTpeGHOCTh CHM3MIach Ha 20 % 10 CpaBHEHHUIO C KOHTPOJIb-
HBIM COCTaBOM U UMeeT 3HadeHue 24,2 %, 9T0 COOTBETCTBYET
JNAaHHBIM JIpyrux uccienosareneit [0] u oObsicHIETCS Oonee

IUIOTHOM

YIIaKOBKOH,

o0Opa3yemoii

npu BBCJACHHMU B

As a result of the conducted research, polynomial re-
gression models were obtained, described by equation (1),
characterizing the dependence of the basic properties of a
blended binder on the content of a filler (X;) and its dis-
persion (X»):

Regression models are obtained that describe the de-
pendences of water demand, compressive strength, and
linear relative shrinkage deformations on the previously
mentioned variable factors.

The regression equation of normal density has the
form:

Xo+ 0,067)(12 - 0,067)(22

The obtained regression equation indicates a decreas-
ing value of the coefficient X, which refers to the content
of the dolomite microneedle. The results of the study of
the properties of the composite binder indicate a decrease
in water consumption, despite the presence of dolomite
micron filler particles with a particle size of less than 5
pum, which is consistent with the data of other researchers
[19]. There is a decrease in the water consumption of ce-
ments with carbonate fillers compared with the water con-
sumption of Portland cement without filler, even with a
higher fineness of grinding. A positive effect on reducing
water consumption is also noted in [20] with the introduc-
tion of a carbonate filler. An increase in the content of

ter consumption from 26% to 24.0...22.5%, respectively.
The maximum reduction in water consumption is ob-
served when the filler content in the binder is 50% and the
specific surface area is 600 m?/kg. At the same time, when
a micro-filler was introduced, the water consumption de-
creased by 20% compared to the control composition and
has a value of 24.2%, which corresponds to the data of
other researchers [20] and is explained by the denser pack-
aging formed when a dolomite filler with an average

9
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MOPTIAHIIIEMEHT CO CPETHUM Pa3MepOM JacTull 22,9 MKM J10-
JIOMHTOBOTO MHKPOHAIOJIHHUTENS CO CPEAHHUM DPa3MEpOM da-
ctur 1,4 MKM, ¥ BBITECHCHHEM JaCTH JKUIAKOCTH U3 MEX3EPHO-
Boro mpocrtpaHcTBa [Omudka! HCTOYHHMK CCHUIKH He
Haiinen.]. [Tpu BBenernu ot 30 10 50 % HANIOTHUATEIS C YACTH-
HOM MoBepXHOCTBIO 600 M%/KT" BOIONIOTPEGHOCTE CHUMKAETCS OT
13 1o 20 %, 4TO MOATBEPKIAETCS JAHHBIMU APYTUX HCCIE0-
Batenedl [0]. DTo0 MOXHO OOBSCHHTH NMPHUCYTCTBUEM YaCTHIL
pasmepom 1,4 MKM B OOJIbIIIEM KOJMYECTBE, JTy4IIeH MIOTHO-
CTBIO YIIaKOBKH YaCTHII, YTO Ta’KE COOTBETCTBYET AAHHBIM JIPY-
rux uccienosareneii [0, 0].

YpaBHEHHE perpeccu IPOYHOCTH Ha CyKaThe Bo3pacte 28
CYT. UIMEET BU:

particle size of 1.4 pum was introduced into Portland ce-
ment with an average particle size of 22.9 um, and the dis-
placement of part of the liquid from the intergranular space
[21]. With the introduction of 30 to 50% filler with a spe-
cific surface area of 600 m?*/kg, water consumption de-
creases from 13 to 20%, which is confirmed by the data of
other researchers [23]. This can be explained by the pres-
ence of particles with a size of 1.4 pm in a larger number,
a better packing density of particles, which also corre-
sponds to the data of other researchers [13, 23].

The regression equation of compressive strength at the
age of 28 days. it has the form:

Rys=63,7—-12,26X1 +2,53X> + 1,2X1.X5 — 0,94X12 + 1,41X22

CornacHo [0], KOMIIO3UIIMOHHEIE IIEMEHTHI C COAEpP KaHUEM
20 % HOIOMHUTOBOTO M HM3BECTHAKOBOTO MHKPOHATIOTHUTEIIS
UMEIOT OoJiee HU3KYIO ITPOYHOCTh Ha CXKATHE, YeM MOPTIaHA-
IIEMEHT 0e3 HaIllOJHUTENs, He3aBUCHMO OT BPEMEHM TBepje-
HUS. YKa3aHHas 3aBUCHUMOCTD IIPOCIICKUBACTCS B yCTAaHOBJICH-
HBIX YPaBHEHUSX perpeccuu (OTpHuaTeIbHBIH KoddduimeHt
nepen Xi1). OqHako, ucciaeJ0BaHNe BIUSHUSA Y ICIbHON TOBEPX-
HOCTH HAIlOJIHUTENIS U €T0 COJepKaHUS Ha IPOYHOCTHBIE CBOII-
CTBa KOMITO3UIIIOHHOTO BSDKYIIETO B BO3pacte 28 CyT. TBepe-
HU [TOKA3aJ10, 9TO HAOOJbIIas POYHOCTH, paBHas 79,9 MIla
B Bo3pacte 28 CyT. TBepACHUS, JOCTUTACTCS MPU CONCPKAHUN
10% 10JIOMUTOBOIO HAIIOJHUTENS C YAEIBHON MOBEPXHOCTHIO
600M?/KI 1O CpaBHEHHIO C KOHTPOJLHEIM cocTaBoM (76,0
MIla). O cyIIecTBeHHO MEHBIIEM IT0 BETUYNHE U IPOTHBOIIO-
JI0)KHOM TIO HAIPaBJICHUIO BIUSHUY YKa3blBaeT KoddduimeHt
nepen Xo. [lpu BBegennu 10% A0IOMUTOBOTO MUKPOHAIIOTHH-
TeJIs He HabJIIo1aeTCsl CYIIeCTBEHHOTO YBEITMYCHHS TPOYHOCTH
Ha CKaTHe, HECMOTPSI Ha CHIDKCHHE COJCPXKAHUSA XUMHUYECKU
aKTUBHOM LIEMEHTHOM COCTaBJIAIOLIEN B KOMIIO3ULIUOHHOM BS-
KymieM. [IpOYHOCTHBIE CBOWCTBA TaKKe HE CHIDKAIOTCS IpU
BBeZieHnN 10 % MHMKpOHANOIHMTENS C yJIEIbHOW MOBEPXHO-
cteio 400 m%/kr. ITomoGHOM 3(Q(EeKT MOKET OBITH CBA3aH C
YMEHBIICHUEM BOJIOTIOTPEOHOCTH BSDKYIIETO. J|OTIOTHUTETHHO
TIOBBIIICHIE MIPOYHOCTH KOMITO3UIIMOHHOTO BSDKYIIETO B IIPH-
CYTCTBHH JOJOMHUTOBOTO MHUKPOHAIIOJHUTENS MOXET OOBsiC-
HATHCS MPOSBICHUEM UM XHMHYECKOW aKTHBHOCTH, YTO CBS-
3aHO C mpucyTcTBUEeM kapOonarta kanbiwms (CaCOs3) B moio-
mute [0]. KapOonaT kanbiys B HEOOJIBIIMX KOJHMYECTBAX MO-
JKeT BCTYHAaTh B PEAKIIMIO C ATFOMUHATaMU KJIIMHKepa ¢ 00pazo-
BaHueM ruapokapOoonatoB [0, 0], KOTOpsIE, B CBOIO OYEPE/b,
MOBBIMAIOT CTOMKOCTE ATTpHHTHTA [0, 0, Omnodka! Mcrounnk
ccblIkM He HaigeH.]. [lpu B3auMopeicTBUM TpexKajblive-
BOTO aJJFOMUHATA [IEeMEHTa ¥ TOHKO M3MEJIbYeHHOT0 KapOoHaTa
Kbt  o0pa3zyercst  THIPOKapOOAaTIOMHUHAT  KallbIHs
3Ca0-Al,03-CaCO3-12H,0 [0,29], xoTopslii crocobcTByeT
(hOpMHPOBAHUIO KPUCTAIUTMUECKOI CTPYKTYpHI 3aTBEpAeBLICH
[IeMEeHTHON MaTpuibl. [1osBIIeHIE TOTTOTHUTEIBHBIX KPHCTAI-
JIMYECKUX KPUCTAJUIOTHAPATOB B CTPYKType MEPBOHAYAIHHO
(hopmupyromierocs rieMenTa obecrnednBaeT GopMupoBanue 60-
Jiee TUTOTHOM, 3aTBEpAEBIIEH CTPYKTypHI IIEMEHTHOTO TECTa,
YMEHBIIAeT KaWIIIPHYIO IIOPUCTOCTD M YIYUIIAeT CTPYKTYPY
MOBEPXHOCTH B 30HE MEK(a3HOTO Mepexoja MEeKAY 3aloIHH-
TeJIEM U LEMEHTHBIM TecToM [17]. DTo yTBep:KAEHUE MOXKET
OOBSCHUTH YBEJIMUCHHE NPOYHOCTH. CHIDKEHHE IMPOYHOCTH
CBSI3aHO C BEICOKHUM COJICPYKaHHEM HAIIOJHUTEIIS, a TAKKeE C -
(exToM «pa3baBieHNs», KOTOPBIN HAOIIOAaETCS IIPH BHICOKOM
coJiep>KaHuu HanoJHuTes B koinuuecte ot 30 10 50 %, B pe-
3yJbTaTe 4ero MPOYHOCTb LIEMEHTA CHIDKAeTCsa B BO3pacTe 28

10

According to [24], composite cements with a content
of 20% dolomite and limestone fillers have lower com-
pressive strength than Portland cement without filler, re-
gardless of the curing time. This dependence can be traced
in the established regression equations (negative coeffi-
cient before X1). However, a study of the effect of the spe-
cific surface area of the filler and its content on the
strength properties of the composite binder at the age of
28 days of hardening showed that the highest strength was
79.9 MPa at the age of 28 days. Hardening is achieved
with a content of 10% dolomite filler with a specific sur-
face area of 600 m*kg compared to the control composi-
tion (76.0 MPa). A significantly smaller and opposite in-
fluence is indicated by the coefficient before X,. With the
introduction of 10% dolomite micron filler, there is no sig-
nificant increase in compressive strength, despite a de-
crease in the content of the chemically active cement com-
ponent in the composite binder. The strength properties
also do not decrease with the introduction of 10% pm filler
with a specific surface area of 400 m?/kg. This effect may
be associated with a decrease in the water consumption of
the binder. Additionally, an increase in the strength of the
composite binder in the presence of a dolomite micronee-
dle may be explained by its chemical activity, which is as-
sociated with the presence of calcium carbonate (CaCO3)
in dolomite [15]. Calcium carbonate in small amounts can
react with clinker aluminates to form bicarbonates [20,
26], which, in turn, increase the resistance of ettringite [25,
26, 27]. The interaction of tricalcium cement aluminate
and finely ground calcium carbonate forms calcium dicar-
boaluminate 3Ca0O-Al,0O3-CaCOj3-12H,0 [28,29], which
contributes to the formation of the crystalline structure of
the hardened cement matrix. The appearance of additional
crystalline hydrates in the structure of the initially formed
cement ensures the formation of a denser, hardened ce-
ment paste structure, reduces capillary porosity and im-
proves the surface structure in the zone of interfacial tran-
sition between the filler and cement paste [17]. This state-
ment may explain the increase in strength. The decrease in
strength is associated with a high filler content, as well as
with the "dilution" effect, which is observed with a high
filler content in the amount of 30 to 50%, resulting in a
decrease in cement strength at the age of 28 days by 10
and 24%, respectively. With a filler content of 30 to 50%,
dolomite filler acts as an inert material that weakens the
original cement structure and leads to a decrease in
strength.
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cyT. Ha 10 1 24 % cootBeTcTBeHHO. [Ipn comepxanuy HATION-
HuTens B Kojandectse oT 30 10 50 % M0IOMUTOBBINM HAITOIHHU-
TeJb BRICTYIaeT KaK MHEPTHBII MaTepua, KOTOPHIi ocnadmisaer
MePBOHAYANBHYIO CTPYKTYPY LEMEHTa M MPUBOJUT K CHHXKE-
HUIO TIPOYHOCTH.

YpaBHEHHE PErPeCcCUr IMHCHHBIX OTHOCUTEIBHBIX Ieop-
MaIii yCaJKi UMEET BUJL:

The regression equation of linear relative shrinkage de-
formations has the form:

gye = 1,963 — 0,136X; — 0,114X; — 0,001.X,.X; + 0,0013.X;% — 0,0138X>>

[TonyueHHble ypaBHEHHs PErpecCHUH JEMOHCTPUPYET 00-
MU TONOKUTENBHBIN 3((dekT Ha cHIbKeHue aedopMarui
ycankd. B onnHaKoBOIl cTeNeH AT BAPbUPYEMBIX (haKTOPOB
OTMEYAETCsI HAJIMYUE OTPHULATENbHBIX K03((pUIneHToB. Ycra-
HOBJICHO, YTO MHUHHUMAJbHOE 3HAYCHUE YCAJKNU HUMEET COCTaB,
cogepskamui 50 % HaIOIHUTENSA U UMEIOLINH YACNBHYIO I10-
BepxHOCTE 600 M%Kr. MakcHMalbHBIE 3HAYEHHS YCAIH
HaOJII0a0TCs y KOHTPOJIBHOTO cocTaBa U cocrana ¢ 10 % co-
JIepKaHUEM MMKPOHAIIOIHUTENS C yJEIbHOW MOBEPXHOCTHIO
400 m?/xr.

D¢} deKTUBHOCTH UCTIONB30BAHMS KOMITO3HIIMOHHOTO BSIKY-
IIEr0 C JOJIOMUTOBBIM MHKPOHAIOJIHHUTENIEM B YCIOBHSX CY-
XOro XKapKoro KJIMMaTa OILCHMBAETCS] M3MEHEHHUEM KauecTBa,
NPE/ICTABIIEMbIM KOMILIEKCHONH XapaKTePUCTUKOM, YUNUThIBA-
folIel KaKk NMPOYHOCTHBIC TTOKA3aTeNId B COOTBETCTBUH C HOP-
MaTUBHBIMH TPEOOBAHMSIMH K HEMY, TaK M MOKA3aTEIsAMH, OT-
pakaroIMMH 0co0BIe CBOICTBA MaTepuaa, B TOM YHCIIe TIOHHU-
JKEHHYIO BOJOIIOTPEOHOCTH U lepopMaTuBHBIE CBOWCTBA. [IpH
oneHke 3(dexkTHBHOCTH pa3pabaThIBAEMOT0 BSIKYILIETO IPH-
MEHSUICS KpUTEpHil KauecTBa Kk, IBISIFOLIMICS OJJHAM U3 METO-
JIOB CHCTEMHOT'0 aHaJIn3a U MHOTOKpPUTEpHUATbHOM ONTUMM3a-
mun [30]. TlomyueHHbIE KpUTEpUH KauecTBa MPEJICTaBICHBI B
Tabn. 6.

Li
ki = Tt

rae I; — 3nadenne CBOMCTBA; I ; — KOHTPOIILHOE 3HAYECHUE
CBOWCTBA.

The obtained regression equations demonstrate an
overall positive effect on reducing shrinkage defor-
mations. The presence of negative coefficients is equally
noted for the variable factors. It was found that the mini-
mum shrinkage value has a composition containing 50%
filler and having a specific surface area of 600 m*kg. The
maximum shrinkage values are observed in the control
composition and a composition with a 10% content of a
micron filler with a specific surface area of 400 m?/kg. The
effectiveness of using a composite binder with a dolomite
micro-filler in a dry, hot climate is assessed by a change in
quality represented by a complex characteristic that takes
into account both strength indicators in accordance with
regulatory requirements for it, and indicators reflecting the
special properties of the material, including reduced water
consumption and deformative properties. When evaluat-
ing the effectiveness of the binder being developed, the k i
quality criterion was used, which is one of the methods of
system analysis and multi-criteria optimization [30]. The
obtained quality criteria are presented in Table 6.

2

I; is the value of the property; I ; is the control value
of the property.

TABJINIA 6. KPUTEPUU KAYECTBA KOMITIO3ULIMOHHOTI'O BAXKYIEI'O C JOJTOMHUTOBBIM

MHUKPOHAIIOJIHUTEJIEM
Table 6. Quality criteria for composite binder with dolomite filler
Iloxa3aTean ®opmyaa IIpumeyanue
Indicator Formula Note
Kpurepwnii npoyHocTH Ha cxxaTHe Ko = R; R; u Ry — mpezen NpoYHOCTH Ha CXKaTHE MPH B BO3-
7R, pacte 28 cyT. pa3pab0TaHHOTO ¥ KOHTPOJIBHOTO CO-
CTaBa
Kpurepuii TMHEHHBIX OTHOCUTENBHBIX JIe(op- Eyco M Eyc, — JMHEHHBIE OTHOCUTEbHBIE e opManni
v £
Maliu ycallku 5 K. =0 yCaaKd KOHTPOJIBHOTO M pa3paboTaHHOro COCTaBa
Y = By + B;X; + B,X, + B1,X X, + By Xf + € Eye.
B2z X3 l
Kpurepuii HopManbHOU I'yCTOTEI HEMEHTHOTO Koo = HT HT'y u HT'; — HopManbHast rycToTa LIEMEHTHOIO TECTa
TecTa A Hr, KOHTPOJILHOTO U pa3paboTaHHOT'O COCTaBa

OneHka 3¢ ¢GEeKTHBHOCTH pa3padaThBAEMOro KOMIIO3H-
[MOHHOTO BSKYILIETO C I0JIOMUTOBBIM MUKPOHATIOJIHUTEIIEM
MPOBOIMIIACH 110 0000IIEHHOMY KpHUTepHIo KadecTBa (F) ¢
MOMOIIBIO /ITUTUBHO-MYJIbTUILIMKATUBHOM QyHKINYU BHIA

[30]:

F = 3\/ Kyg - K, - Kur,

The efficiency of the developed composite binder with

dolomite filler was evaluated according to a generalized
quality criterion (Fy) using an additive multiplicative func-
tion of the form [30]:

3
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rne Kyg, K, Kyr — K03 QUIUEHTHI, XapaKTepu3yIoIne
BOJIONOTPEOHOCTD, MIPOYHOCTD BSKYILETO HA CXKATHE B BO3-
pacte 28 CyT. M IMHEWHBIE OTHOCHUTENBHBIE AedopMarm
YCaIKH.

3HadeHnsT 000OMEHHOTO KpUTEepUs KadecTBa Fj, mpen-
CTaBJICHBI B Ta0I. 7.

Kyg, K¢, K¢ are the coefficients characterizing the water
demand, compressive strength of the binder at the age of 28
days. and linear relative shrinkage deformations.

The values of the generalized quality criterion Fj, are pre-
sented in Table 7.

TABJIULA 7. 3BHAYEHUS ITAPAMETPOB OIITUMU3ALINN

Table 7. Values of optimization parameters

IMapameTpsbl 3HaveHust

Parameters Values
X1 10 50 10 50 1,72 58,28 30 30 30
Xz 400 400 600 600 500 500 358,58 641,42 500
Fi 1,03 0,98 1,11 1,12 1,05 0,95 0,99 1,09 1,04

3HavyeHus Fj, NCTIONB30BaINCh B JaJIbHEHIIIEM IS TOITY-
YEeHUsI ypPaBHEHHS PErPECCHH, IMEIOIETO BHI:

F(X,,X,) = 1,040 — 0,023 - X, + 0,045

I'pacdmueckas natepnperauus F(X1,X>) npeacrasieHa Ha
puc. 2. M3meHeHne o00OIMIEHHOTO KpUTEepHUs KauecTBa Fj
YYUTHIBACT COBMECTHOC BiIMsiHUE (haKTOPOB X| 1 X> Ha mapa-
METPHI Ka4eCTBa KOMIO3HIIMOHHOTO BSDKYIIETO, HMEIOIIETO
BUJ DKCTPEMAJIbHON 3aBHCHMOCTH C MAaKCHMyMOM BOJIN3U
rpaHuIBEl (HaKTOpa MPOCTPAHCTBA Syy(X2) = 600 M%/kT.

PUCYHOK 2.

I'PA®UYECKOE
YPABHEHUS F(X;, X5)

HN30BPAKEHUE

Figure 2.

Graphical representation of the equation
F (X I'XZ)

0,4

AHanu3 MoJTy4YeHHOTO YPaBHEHHUS PErPECCHH UCTIONIB3YETCS
B JaJbHEHIIEM JUIS ONTHMHU3AIMHU COCTaBa BSDKYIIETO IMyTeM
HaXO0’KICHHUS NEPBBIX IPOU3BOIHBIX 0 X; U X, C y4E€TOM TOTO,
yto rpaduk X, € [—1; 1] sBisieTcst AOMYCTUMBIMH TPAHULIAMH
npu romodie fonomuta (puc. 1). PesynbraTel pacdera nokasbl-
BalOT cooTBeTcTBHE F — max npu X; = 23%, X, = 600 m?/
KT. YKa3aHHbIE TEXHOJIOTHYECKHE NapaMeTphl O3BOJIUIM TO-
JYYUTH KOMITO3UIIMOHHOE BSDKYIIEE C JIyUIINMHU ITapaMeTpaMu
kagecTBa. [lomydeHHbIe 3HAUCHNS KOHIIEHTPAINH TTOKA3aTEeNN
YAETHHON TOBEPXHOCTH JOJIOMHTOBOTO MHKPOHATIOTHUTEIS
NPUHATH KaK ONTUMAaJIbHBIE ¥ HCIOJIB30BaHbl B JATbHEHUIITHX
HCCIIEJIOBaHUSX.

3AK/IIOYEHUE
1. YcraHOBIIEHO, YTO YBEJIMUYSHUE COJIEPIKAHHS HAIIOJIHH-
TCJIA B KOMIIO3UIMOHHOM BSIKYIIEM INPUBOAWUT K CHUXCHHUIO
BOJIOTIOTPeOHOCTH. MaKCHMAalIbHOE CHIDKEHHE BOJIOTIOTPEOHO-
CTH HAONIONAeTCS TPU COJACP>KAHUH JOJIOMHTOBOTO HATIOTHH-
TeNs ¢ yIenbHOM MoBepXHOCThI0 600 M?/KT B BSKYLIEM B KO-
mmyectBe 50 %. BomomorpebHOCTh cHmkaeTcs Ha 20 % 1o

12

The values of F, were used later to obtain a regression
equation having the form:

-X, — 0,015X, - X, — 0,010X2 + 0,010X2 (4)

The graphical interpretation of F(X1, X2) is shown in Fig.
2. The change in the generalized quality criterion Fj, takes
into account the combined influence of factors X; and X; on
the quality parameters of the composite binder, which has the
form of an extreme dependence with a maximum near the
boundary of the space factor Sy(X>) = 600 m?/kg.

0.2

0,0
X,

0,2 04

X,

The analysis of the obtained regression equation is
used later to optimize the binder composition by finding
the first derivatives in X; and X, , taking into account that
the graph X, € [—1;1] is the acceptable boundaries for
grinding dolomite (Fig. 1). The calculation results show
the correspondence of F - max npu X; = 23%, X,
600 m?/kg. These technological parameters made it pos-
sible to obtain a composite binder with the best quality pa-
rameters. The obtained concentration values and the spe-
cific surface area of the dolomite micro filler were ac-
cepted as optimal and used in further studies.

CONCLUSIONS
1. It has been established that an increase in the
filler content in the composite binder leads to a decrease
in water consumption. The maximum reduction in water
consumption is observed when the content of dolomite
filler with a specific surface area of 600 m? / kg in the
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CPaBHEHHIO C MOPTIAHANEMEHTHBIM BSDKYIIUM Oe3 HaIloJIHH-
TeJIS.

2. [IpucyTcTBHE JOIOMHTOBOTO MUKPOHAIIOIHUTEIIS B KOM-
MO3WIIMOHHOM BSDKYIIIEM OKAa3bIBACT BIHMSIHUE HAa CPOKH CXBa-
TBIBaHUS. Y CTAHOBIICHO, YTO KOMITO3UIIMOHHOE BSDKYIIIEE C CO-
JICpKAHUEM JIOJIOMUTOBOTO MUKPOHATIOJHHUTEIIS B KOJTMYCCTBE
50% u yieabHOH IOBEpPXHOCTEI0 600 M2/KI MMEET caMble Ma-
JIBIC CPOKH CXBATBHIBAHUS.

3. YcTaHOBIICHO, YTO BBEJICHHE JOJIOMHUTOBOIO MHKPOHA-
TIOJIHUTEJIS CHIDKACT MPOYHOCTh Ha ckaTue. Hawmbombrmas
MPOYHOCTH, paBHas 79,9 MIla B Bo3pacte 28 cyT TBepIaeHHA,
nJocturaeTcs npu coxepkanuu 10% DOIOMHTOBOTO HAITOJIHU-
TENA ¢ YAEIBHOM MOBEPXHOCTBIO 600 M%/KT IO CPaBHEHHIO C
KOHTPOJBHBIM cocTaBoM (76,0 MITa).

4. YBenudeHHe yNENbHOW MOBEPXHOCTH HAIOJIHUTEINS C
400 go 600 M%*/KI MOBBIIAET HPOYHOCTH BLKYHIETO ¢ 53,0 10
57,4 Mlla, yto Ha 25% HWXe MPOYHOCTH MOPTIAHILEMEHTA
6e3 HalOJIHUTEIS.

5. YCTaHOBIEHO, 4YTO NPU COIAECPKAHUHU JIOJIOMUTOBOIO
HanoJHUTeNs B KoimuecTBe 50% W yJIenbHON MOBEPXHOCTHIO
600 M%/KT BsKyIllee UMeeT 3HaUeHHs! JTMHEHHBIX OTHOCUTENb-
HBIX Aedopmanuii ycaaku Ha 21% MeHbIIe 0 CPaBHEHHIO C
KOHTPOJBHBIM COCTaBOM.

6. MakcumanbHbIe 3HAUYCHUS JMHEHHBIX OTHOCHTEIBHBIX
neopmanmii ycaaku HaOMIOAOTCSA y TOPTIaHAIEMeHTa 0e3
HAIIOJIHUTEIIS U TIPU COJCPKAHUHU JOJIOMHTOBOT'O MUKPOHAIIOJ-
HuTtend B konuyectBe 10 % ¢ yaenbHOM III0MIAIb0 TOBEPXHO-
crr 400 M?/kr.

7. YCTaHOBJIEH ONTHUMAJIbHBIM COCTaB KOMIIO3UIIMOHHOTO
BSXKYIIIETO, cocTosmmero u3 77% noprnanaueMmenta u 23% no-
JIOMUTOBOI'O MUKPOHAIIOJIHUTEIIA C y[[eﬂbHOﬁ TMMOBEPXHOCTHIO
600 cm?/r.
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binder is 50%. Water consumption is reduced by 20%
compared to a Portland cement binder without filler.

2. The presence of dolomite micron filler in the
composite binder affects the setting time. It has been es-
tablished that a composite binder with a dolomite micron
filler content of 50% and a specific surface area of 600
m?/kg has the shortest setting time.

3. It was found that the introduction of a dolomite
micro filler reduces the compressive strength. The highest
strength, equal to 79.9 MPa at the age of 28 days of hard-
ening, is achieved with a content of 10% dolomite filler
with a specific surface area of 600 m*kg compared with
the control composition (76.0 MPa).

4. Increasing the specific surface area of the filler
from 400 to 600 m*/kg increases the strength of the binder
from 53.0 to 57.4 MPa, which is 25% lower than the
strength of Portland cement without filler.

5. It was found that with a dolomite filler content of
50% and a specific surface area of 600 m?/kg, the binder
has linear relative shrinkage deformations of 21% less
than the control composition.

6. The maximum values of linear relative shrinkage
deformations are observed in Portland cement without
filler and with a dolomite micro filler content of 10% with
a specific surface area of 400 m%/kg.

7. The optimal composition of a composite binder
consisting of 77% Portland cement and 23% dolomite
filler with a specific surface area of 600 cm?/g has been
established.
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