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HOBBIINIEHUE DPPEKTUBHOCTU XAPAKTEPUCTHUK BETOHOB IIPU
NCIHOJb30BAHUHU JOBABOK MOJUPUKATOPOB
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TPoceniickuii XHMUKO-TEXHOJIOrHYecKuil ynusepcuter umenu JI.W. Menneneena

AHHOTAIIUA

B pabome usyueno enusnue 08yx 006a6ox moouguxamopos, omaudarowuxca xumuyeckum cocmagom (SE-75 na ocnose
KOMRO3UYUlU U3ONPONAHOLAMUHO8 U Kapbozudpamos u SE-25 na ocnoge KOMNO3UYuU aiKaHoAAMUHO8 U Kapbo2uopamos) Ha
xXapaxmepucmuxy 6emoHo8 HA OCHOBE PA3NUYHBIX YEeMEHMO8. YCmaHoseneHo, 4mo 6 3asUcUMocmy om mund npumMeHaemo2o
8AACYWE20 MaAmepuana xumuueckue 000asKy NO-pasHoMy IUAIOM HA NPOYHOCTHbIE XapaKmepucmuky demonos. Beedenue
SE-75 u SE-25 no3eoasiem ygenuuums cOXpanAemMocnms 6emoHHoll cmecu, Oe3 nomepu npoYHOCMHBIX XAPaAKMePUCMUK Ha pan-
HUX 2MAanax meepoeHus. YCcmanosneno, umo sameujerue Yacmu yemMeHma aKxmusHol MuHepantbioll 0o0agKoll, a maxice npu-
MeHeHue MOOUGUKAMOpa NO360IAEN CYWECMEEHHO YEeTUiUms NPOYHOCIHbIE XAPAKMePUcmuky 6emonos npu cpasgHeHuy ¢
cocmasamu Ha OCHOBe YUCIO20 YeMeHmA. Ycmanoeaeno, umo npumenenue 006asok 6 0osupogke 0,3—0,5 % obecneuusaem
nogvluenue npouyHocmu na cocamue 8 gospacme 28 cym 0o 20 %. AnomepnamugHvim nymem sA81Aemcs CHUNCEHUE KOIUYeCmaa
yemenma 6 cocmase bemona na 10 % 6e3 nomepu IKCRIYaMayUOHHBIX XAPAKMEPUCMUK, NO360AI0Ulee YMEHbUUUMb CeOeCmo-
umocmuv bemonnou cmecu Ha 200 py6., 4umo noioHCUMeNbHO GIUAEN HA IKOHOMUYECKVIO U IKOIOSUYECKYIO COCMABIAIOWYIO.

KJIIFOUYEBBIE CJIOBA: yemenm, bemonnas cmecsb, NpOUYHOCHb, 000A8KU MOOUPDUKAMOPYL, 2UOpamayus, pacmeope-
HUe, XapaKxmepucmuxu.
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IMPROVING THE EFFICIENCY OF CONCRETE PROPERTIES USING MODIFIER
ADMIXTURES
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ABSTRACT

The article studies the effect of two modifier admixtures with different chemical compositions (SE-75 based on a composi-
tion of isopropanolamines and carbohydrates, and SE-25 based on a composition of alkanolamines and carbohydrates) on the
properties of concrete based on different cements. It was found that the chemical additives have different effects on the strength
properties of concrete, depending on the type of binder used. The addition of SE-75 and SE-25 improves the durability of the
concrete mixture without compromising its strength in the early stages of hardening. It has been established that replacing part
of the cement with an active mineral additive, as well as using a modifier, significantly increases the strength characteristics
of concrete compared to those based on pure cement. It has been found that using additives at a dosage of 0.3-0.5% increases
compressive strength at 28 days by up to 20%. An alternative approach is to reduce the amount of cement in the concrete by
10% without compromising the performance.
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BBEJEHUE

OnHO¥ 13 OCHOBHBIX TeHICHIINH IEMEHTHON MTPOMBIIIICHHO-
CTH Ha CCTOTHSAIIHUH JCHB ABISETCS CHIDKeHHE BEIOpocoB CO»
MyTeM TIpUMEHEeHHs Oojee 3((EKTUBHBIX TEXHOJOTHHA MPOMU3-
BOJICTBA, WCIIOJIb30BaHHS AJIbTCPHATHBHOIO TOIUIMBA, & TaKKe
CHIDKEHHE coJlepKaHUs KJIMHKepa B IeMeHTte. MccnemoBaHus
MOCJITHUX AECATHIETHH HalpaBleHbl HA N3YUYCHUS PA3IMYHBIX
BUJIOB MHMHEPAJIbHBIX KOMIIOHEHTOB, BBOJMMBIX B COCTaB Iie-
MeHTa [1-3]. B nepByto ouepennb 3T0 AenaeTcs U CHUKECHUS ce-
06eCTOMMOCTH MPOAYKIINH, & TAKXKEe IJIs1 YMECHBIIECHHS BEIOPOCOB
B aTMOc(epy Tak Ha3bIBAEMOT0 MMAPHUKOBOTO rasa.

OCHOBHBIMH CHIPHEBBIMU MaTepUallaMH, HCIOJIb3yEMBIMH B
KadecTBE MUHEPAIbHBIX 100aBok (M/I), SBIAIOTCS METaILTypru-
YECKHUE IIIAKHU, 30JIbI-YHOCA, ITyI0IaHbl 1 MUKPOKPEMHE3EM [4-
8]. OcHoBHOI MexaHW3M aericTBus M/] HampaBiieH Ha B3aUMO-
JeicTBHE O00pa3ylolerocss B XOJe THApaTaluy IeMeHTa
Ca(OH); (B xuMuH LIeMEHTa IPUHATO HA3bIBATh MOPTIAHAUTOM)
u SiO; pas3nuyHbIX MOJU(DHUKAINN, SBISIOMIMXCS OCHOBHBIM
KOMIIOHCHTOB MHUHECpPaJIbHBIX JIO6aBOK. B X0€ TaKuX XHMHUYC-
CKUX peakluii o6pa3yercsi JOTOJHUTEIbHOE KOIUIECTBO IHIPO-
CHJINKATOB KaJbIIHUA, KOTOpbIe 001aat0T O0JIbIIeH IPOYHOCTHIO
B CpaBHEHUM C nopmiaHguToM [9-10]. Metamtypruyeckue
IIJTAKK SBJIAIOTCS OTXOAAMH TIPOU3BOACTBA METAJLTypPTrHUECKOM
MPOMBIIIICHHOCTH M, €CIIM paHee HX CTOMMOCTh Oblia Cyle-
CTBEHHO HIKE CE0ECTOMMOCTH KJIMHKEPA, TO B HACTOSIIIEE BPEMS
IICHa Ha TaKHe MaTEepPHaJIbl MOKET COCTABIATH OoJiee OTOBUHBI
€r0 CTOMMOCTH, YTO HETATUBHO CKa3bIBACTCSl HA YKOHOMHYECKOH
COCTaBJIAIOLLEN.

Taxke B KayecTBa MHUHEPAIbHBIX JA00ABOK MPH MPOHU3BOJI-
CTBC LCEMCHTA MPHUHATO HCIIOJb30BATh PA3JINMYHBIC U3BECCTHAKH
[11]. OnHako, B CBSI3M C TE€M, YTO OHHU SIBJISIFOTCSI KOMITOHEHTAMH,
HC Y4YaCTBYIOLIMMHU B IMPOIECCAX TuapaTtaluv, X NMpuMEHCHUC
OTPAaHWYEHO: JaHHBIC TUIIBI IEMEHTA HEJb3s UCIIOIb30BaTh B OT-
BETCTBEHHBIX KOHCTPYKIMAX, TAKUX KaK a3pOJIPOMHBIC ITOKPHI-
THSI, IOPOXKHBIE U MOCTOBBIE KOHCTPYKIIMH, THAPOTEXHIMUECKHE
COOpYKEHUsI, a Takke B kene300eToHHBIX m3penuax (IOCT P
55224-2020°.

Eme omHMM KOCBEHHBIM CIIOCOOOM CHWKEHHS BBHIOPOCOB
CO; B atmochepy sABIsIETCS MOBBIIIEHUE SKCILTyaTallMOHHBIX Xa-
PaKTepUCTHK OETOHOB (IIPOYHOCTH) ITyTEM CHMKEHHS BOJIO-BSI-
KyHiero OTHOIICHUA IMPU NPUMCHEHUU BBICOKOTCXHOJOTMYHBIX
IIacTH(GHUKATOPOB WJIM BBEJICHHE B COCTAaB OETOHHBIX cMeceil
0C00bIX 100aBOK MOAUGUKATOPOB, O3BOJISIONIHX YBEINIUBATE
MPOYHOCTHBIE TIOKA3aTeNn U3ieus Ha ocHOBe 6eToHOB [12]. Oc-
HOBHBIM IIPUHINIIOM JEHCTBHS TAKUX JOOABOK SIBIISETCS YBEIIH-
YEeHHUE CTEIICHN THAPATAllMY [IEMEHTa, YTO HE TOJIBKO MO3BOJISIET
B OoJiee paHHHME CPOKH IOJIyYUTh TpeOyeMyro NpOYHOCTh OeTo-
HOB, a TaKXe yBEJIMYHTh 000paunBaeMocTb GopM (TIpH Mpou3-
BOJICTBE )K€JI€300€TOHHBIX M3JICNINI) WM CHU3UTH KOJIMYECTBO
[IEeMEHTa B OETOHHOI cMecH 0e3 OTepH SKCIITyaTallHOHHBIX Xa-
pakTepuctuk [13,14].

VIMEeHHO TOATOMY 1eJIbI0 JaHHO| PadoThI SBISIETCS pas-
paboTka cOCTaBOB OSTOHHBIX CMECEH MPH UCTIOIB30BAHUU pPa3-
JIMYHBIX J00aBOK MOTU(PHUKATOPOB.

INTRODUCTION

One of the main trends in the cement industry today
is the reduction of CO; emissions using more efficient
production technologies, the use of alternative fuels, as
well as the reduction of clinker content in cement. Re-
search in recent decades has focused on studying various
types of mineral components introduced into cement [1-
3]. First, this is done to reduce the cost of production, as
well as to reduce emissions of so-called greenhouse gas
into the atmosphere.

The main raw materials used as mineral additives
(MA) are metallurgical slags, fly ash, pozzolans, and mi-
crosilica [4-8]. The main mechanism of action of MA is
aimed at the interaction of Ca(OH), formed during ce-
ment hydration (in cement chemistry it is commonly
called portlandite) and SiO, of various modifications,
which are the main components of mineral additives.
During such chemical reactions, an additional amount of
calcium hydrosilicates is formed, which have a higher
strength compared to portlandite [9-10]. Metallurgical
slags are waste products of the metallurgical industry
and, if previously their cost was significantly lower than
the cost of clinker, now the price of such materials may
be more than half of its cost, which negatively affects the
economic component.

It is also customary to use various minerals as min-
eral additives in cement production [11]. However, since
they are components that are not involved in hydration
processes, their use is limited: these types of cement can-
not be used in critical structures such as airfield surfaces,
road and bridge structures, hydraulic structures, as well
as in reinforced concrete products (GOST R 55224-
2020").

Another indirect way to reduce CO, emissions into
the atmosphere is to increase the operational character-
istics of concretes (strength) by reducing the water-bind-
ing ratio when using high-tech plasticizers or introduc-
ing special modifier additives into concrete mixtures that
increase the strength characteristics of concrete-based
products [12]. The main principle of action of such ad-
ditives is to increase the degree of cement hydration,
which not only allows obtaining the required concrete
strength at an earlier date, but also to increase the turno-
ver of molds (in the production of reinforced concrete
products) or reduce the amount of cement in the concrete
mixture without loss of operational characteristics
[13,14].

That is why the purpose of this work is to develop
compositions of concrete mixtures using various addi-
tives of modifiers.

S TOCT P 55224-2020 LleMeHTbI [T TPAHCIIOPTHOTO CTPOUTEILCTBA. TeXHIUeCKHe yCIJIOBHS.: HAIMOHAJIBHBIN cTanaapT Poccuiickoit
Oeneparmu: nara eeaeHns 2020-10-13. denepanpHoe areHTCTBO MO TEXHHYECKOMY peryinpoBanuio. M3a. opunuansHoe. Mocka: Cran-
nmaptuadopm. 2020. 15c¢.

GOST R 55224-2020 Cements for road buildings.: national standard of the Russian Federation: date of introduction 2020-10-13. Federal
Agency for Technical Regulation. Official edition. Moscow: Standartinform. 2020. 15p. (Russia)
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MaTepnanLI H METOAbI UCCTICI0OBAHUSA

B mannoit pabote OBLIO HCIIOTB30BAHO 5 Pa3IIIMYHBIX [IEMEH-
TOB, OTJIMYAIONINXCS MHHEpaloTHIeckuM coctaBoM: 00O
«Xatigens0epriuement» LIEM 1 52,5 H «HoBorypoBckuit» (na-
nee «Hosoryposckuiin), OO0 «Uemertym» LIEM II/A-U 42,5
H «Bombck» (manee «Bonbscky), OO0 «llementym» LIEM II/A-
" 42,5 H «®ep3ukoBo» (nanee «Dep3uxoBo»), AO «I['azme-
tannnpoekt» LIEM I 42,5 H «IIponerapuit» (nanee «IIponera-
puit») u AO «llempocy LIEM 1 42,5 H «Cepebpsinckuit» (nanee
«CepebpsiHckmii») (Tabm. 1). Takke B paboTe OBLT HCIIOIB30BAH
TOHKOMOJIOTBI METaJLTyprUUecKuii nuiak mnpomssozacta [TAO
«Hopommmernkunit MeTayuryprudeckiii komOomHaT (Hanee TMIL).
B kauecTBe WHEPTHBIX 3aMOJHUTENCH OBUIM BHIOPAHBI ITECOK
«boraeBckuit» u rpaHUTHBIN mebens dpaxmmn 5—20 MM «boib-
LIOH MacCHB».

Materials and research methods

In this work, 5 different cements were used: Heidel-
bergcement CEM 1 52,5 N Novogurovsky (hereinafter
"Novogurovsky"), Cementum CEM II/A-L 42,5 N
Volsk (hereinafter "Volsk"), CEM II/A-L 42,5 N Fer-
zikovo (hereinafter "Ferzikovo"), Gazmetallproekt CEM
142,5 N Proletariy (hereinafter "Proletariy") and Cemros
CEM I 42,5 N Serebryansky (hereinafter "Serebryan-
sky") (Table 1). Finely ground metallurgical slag pro-
duced by Novolipetsk Metallurgical Combine (hereinaf-
ter GGBS) was also used in the work. The "Bogaevsky"
sand and the "Large massiv" granite crushed stone of the
5-20 mm fraction were chosen as inert aggregates.

TABJIAIA 1 MUHEPAJIOTUYECKHAA COCTAB IEMEHTOB

Table 1 Mineralogical composition of cements

ey LR . Mnnep.anomqecm.nfl cocTaB, Mac. %

Ne Cement Mineralogical composition of cement, wt. %
CsS C:S CsA C4AF
1 «IIponerapuii» 65,3 13,2 5,0 13,4
2 «HoBorypoBckuii» 66,0 12,0 7,0 11,0
3 «Boabsck» 69,0 10,2 6,1 12,0
4 «Dep3uKoBO» 68,5 8,1 7.5 10,7
5 «CepeOpsiHCKHID 70,4 5,5 7,6 13,2

B kauecTBe mIacTU(UKATOPOB Ui NIPUTOTOBIICHUS OETOH-
HBIX CMeceil HCIOIb30BalH JIBE 00aBKM MPOU3BOJICTBA KOMIIa-
Huu Sika: SikaPlast-2089 LF u SikaViscoCrete-3300. Otu nse
J00aBKH, OCHOBOW KOTOPBIX SBJISIFOTCA PA3JIMYHBIC IMOJHKap-
6oKkcunaTHbIe AGHPHI, HAIIIIK CBOE HIIMPOKOE IPUMEHEHHUE B IIPO-
W3BOJICTBE TOBAPHOTO OETOHA.

J1s u3ydeHust BINSHAS XMMHUYECKHX J00OaBOK Ha 9KCILTyaTa-
IIMOHHBIE XapaKTePUCTHKH OETOHHBIX cMecell U OeTOHOB OBLTH
BBIOpaHEI /1Ba 00pasiia, pa3andaonnecs CBOMM XUMHUUECKHM CO-
craBoM. Tak, oOpazen SE-75 npencrasisier co60ii KOMOHHAIIIO
M30TIPOIIaHOJIAMUHOB M KapOOTHIpaToB, a oopasern; SE-25 — xom-
OuHanus 3TaHOJIAMMHOB M KapOoruaparos. CocTaB JaHHBIX JO-
6aBok ObLI pa3paboran aBTopamu YpOaHoBeIM A. B. u 1ip. panee
[15].

B xauecTBe BBIXOTHBIX JaHHBIX, OJTY4YEHHBIX B XOJI€ H3y4e-
HUS BIUSHUS J00aBOK MOAN(UKATOPOB, BEICTYIIATIH CIIETyIOIIHe
MapaMeTphl: COXPaHsAEeMOCTh CBOMCTB OETOHHOW CMecH BO Bpe-
menn 1o TOCT 30459-2008%,y1060yKnaqpIBaeMOCTh, CpeIHss
IUIOTHOCTh M MPOYHOCTh B Bo3pacte 1, 7 u 28 cytr mo 'OCT
10181-20187

Two admixtures manufactured by Sika were used as
plasticizers for the preparation of bulk mixtures: Si-
kaPlast-2089 LF and SikaViscoCrete-3300. These two
admixtures, based on various polycarboxylate esters, are
widely used in the production of ready-mixed concrete.

To study the effect of chemical admixtures on the op-
erational characteristics of concrete mixtures and con-
crete, two samples were selected that differ in their
chemical composition. Thus, the SE-75 sample is a com-
bination of isopropanolamines and carbohydrates, and
the SE-25 sample is a combination of ethanolamines and
carbohydrates. The composition of these admixtures was
developed by the authors Urbanov A.V. and others ear-
lier [15].

The output data obtained during the study of the ef-
fect of modifier admixtures were the following parame-
ters: the persistence of the properties of the concrete
mixture over time according to GOST 30459-20082,
workability, average density and strength over days 1, 7
and 28 according to GOST 10181-20183.

¢ TOCT P 30459-2008. [Jo6aBku [yt GETOHOB M CTPOUTENBHBIX PacTBOpoB. Onpeenenue u oueHka 3QGpeKTUBHOCTH. . HAIIMOHAILHBII
crannapt Poccuiickoii ®denepanun: nata BeeaeHus 2008-12-10. denepanbHoe areHTCTBO MO TEXHHYECKOMY peryiupoBanuio. M3a. Odurm-
anpHOe. Mocksa: Ctanmgaptungopm. 2008. 20c.

GOST R 30459-2008 Admixtures for concrete and mortar. Definition and evaluation of effectiveness.: national standard of the Russian
Federation: date of introduction 2008-12-10. Federal Agency for Technical Regulation. Official edition. Moscow: Standartinform. 2008. 20p.
(Russia)

7TOCT P 10181-2014.Cmecu GeTOHHBIE. MeTtoab! MCIBITAaHUN.: HaMOHANBHBIN cTanaapT Poccuiickoit denepanuu: 1ata BBEIACHUS
2014-11-14. ®enepanbHOe areHTCTBO 0 TEXHUIECKOMY peryiupoBanuro. M3a. Odummansaoe. Mocksa: Crangaptuadopm. 2014. 28c.

GOST R 10181-2014 Concrete mix. Measurements methods.: national standard of the Russian Federation: date of introduction 2014-11-
14. Federal Agency for Technical Regulation. Official edition. Moscow: Standartinform. 2014. 28p. (Russia)
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JKCNepPUMEHTHI U Pe3yJIbTaThl 00CYKIEHUS

Ha nepBom 3Tane aBTopaMu ObLTH IPOBEICHBI HCCIEAOBAHNS
MO BJIUSIHUIO 100aBOK MOAM(HMKATOPOB B PA3IMYHBIX TO3HPOB-
Kax Ha CBOMCTBA OETOHHBIX CMeceH U OETOHOB, OTIMYAOIINXCS
nementamu («HoBoryposckuity + TMIL, «IIponerapumit» +
TMUI u «IIponerapuii»). i naHHBIX UCTIBITAHWN OBUTH BBI-
OpaHsbI 1Ba cocTaBa OETOHHOM CMECH, pa3IMYaloIInecs Kolude-
crBoM niemenTa 1 TMII (Ta6u. 2). Bpun nmonmy4eHs! pe3yabTaThl
10 COXPAHSIEMOCTH U IJIOTHOCTH OETOHHOI cMecH (Tabu. 3—4).

Jis coctaBoB co nulakoM Ha nemeHre «IIpomerapuiiy
HaOJIoaeTCs YBEIMICHNE COXPaHIeMOCTH OETOHHO cMecH (Co-
ctaBel 1.1-1.10). DTO cBsI3aHO C TeM, YTO B €€ COCTaB BXOIST
KapOoruApatsl, KOTOPhIE 3aMEIISTIOT MPOLIECCH THAPATAINH IIe-
MEHTa, TEM CaMbIM YBeIH4YHBas BpeMs coxpanseMocTH. ITokasa-
TENU TUIOTHOCTH OETOHHOM CMECH M3MEHSAIOTCS B 3aBHCHMOCTH
OT JI03UPOBKH MOJU(PHUKATOPOB.

Experiments and discussion results

At the first stage, the authors conducted studies on
the effect of modifier admixtures in various dosages on
the properties of concrete mixtures and concrete that dif-
fer in cements (“Novogurovsky” + GGBS, “Proletariy”
+ GGBS and «Proletariy»). For these tests, two compo-
sitions of the concrete mixture were selected, differing
in the amount of cement and GGBS (Table 2). Results
were obtained on the preservation and density of the con-
crete mixture (Tables 3-4).

For compositions with slag on “Proletariy” cement,
an increase in the retention of the concrete mixture is ob-
served (compositions 1.1-1.10). This is because it con-
tains carbohydrates, which slow down the hydration pro-
cesses of cement, thereby increasing the shelf life. The
density of the concrete mix varies depending on the dos-
age of the modifiers.

TABJIAIIA 2 BA3OBBIE COCTABBI BETOHHOM CMECH HA 1 m?

Table 2 Basic composition of concrete mix per 1 m*

CocraB IlemeHT, KT TMIL, kr Boaa, kr IIle6enb, KT Ilecok, kr Inactuduxarop*, %
Composition Cement, kg GGBS, kg Water, kg Gravel, kg Sand, kg Plasticizer, %
«ITponerapwuii»
1 300 30 180 930 930 1,5
2 330 - 180 930 930 1,5
«HoBorypoBckuii»y
3 300 | 30 180 | 930 | 930 | 1,4

* SikaPlast-2089 LF. Pacuer konmdecTBa macTu(UKaTOpa MPOBOMIICSA OT Macchl IleMeHTa. Jlanee B paboTe 6a30BBIe cOCTaBBI OyIyT HyMEpPOBATHCS 110 T10-
psnky. JlpoOHast HymMepanus 03HaudaeT, 4To Opayii 6a30BBI COCTaB M BBOJMIM B HETO Pa3IMYHOE KOJNMYECTBO 100aBKH MOAM(UKATOPa, HAIPHMep: cocTas |
— 6a30BBIii cocTaB, cocTas 1.1 — 6a30BbIi cocTaB, k KoTopoMy Benu 0,02% no6aBku Nel (Tabm. 3) u T.14.

* SikaPlast-2089 LF. The amount of plasticizer was calculated based on the weight of cement. Further in the work, the basic compositions will be numbered
in order. Fractional numbering means that the base composition was taken and various amounts of the additive of the modifier were introduced into it, for
example: composition 1 - base composition, composition 1.1 —base composition, to which 0.02% of additive No. 1 was introduced (Table. 3) etc.

IMpn m3ydeHMn XapakTepHCTHK OETOHHBIX CMeced Ha Iie-
MmeHTe «[Iponerapmit» Oe3 mcmomp3oanus TMIL BugHO, YTO
BBE/ICHHE B COCTaB MOAM(HUKATOPOB HE BIMSACT Ha MOKA3aTEIN
COXpaHsSEMOCTH: 32 /IBa yaca OETOHHAS CMECh COXPAHSIET CBOIO
MapKy O MOJBMKHOCTHU. ITOTHOCTE cCMeCH M3y4YEeHHBIX COCTa-
BOB TaK)Xe NMPAKTUUECKH HE U3MEHSETCS NPH BBEJCHUH JJ0OaBOK
Y COCTABIIAIOT B cpenHeM 2355 kr/m3 (Taba. 3).

AHanu3upys NOoNTy4eHHBIE pe3yabTaThl o BiIusgHuio SE-75 n
SE-25 Ha cBoiicTBa 6€TOHHBIX cMeceii Ha ocHOBe eMeHTa «IIpo-
JIeTapuid» BUIHO, YTO BBEACHHE T0OABOK MTOJIOKUTEIHHO CKa3bI-
BaeTCd Ha COXpaHIeMOCTH OeTOHHOI cMmecH (Tabx. 4). Tak, s
cocraBos 3.1-3.5 ymaercs yBennuuTh ocaiky KoHyca c I14 mo I15
(Bpemst coxpanseMocTH 60 MHH), IpH 3TOM, MaKCHMaJIbHON
WIoTHOCTRIO 2370 Kr/M® XapakTepusyercs o0pasell, ColepKa-
muit 0,03 % moaudukaropa SE-75.

Beenenue no6aeku SE-25 B MeHbIIICH Mepe BIMSCT HA IOKa-
3aTeJIM COXPAHIEMOCTH OETOHHOI CMECH, HO TAK)KE YBEITMUMBACT
IUTOTHOCTD, YTO U NPH Ucnonb3oBaHuu SE-75.

[TosryueHB! IPOYHOCTHBIE XapaKTEPUCTUKN OSTOHOB MIPH HC-
TIOJIF30BAHNH BYX J100aBOK MOAN(UKATOPOB HA PA3TUUHBIX CH-
cremax Bsokymux (puc. 1). s ynoOcTBa, JaHHBIE pe3yIbTaThl
OBUTH MHTEPIIPETHPOBAHEI B BHJIE MTPOIIEHTHOTO IPUPOCTa IPOU-
HOCTH OTHOCHTENIBHO 0a30BBIX COCTaBOB (0e3 HMCIOIB30BAHUSA
MOJU(PHUKATOPOB).
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When studying the characteristics of concrete mixes
at the “Proletariy” cement without the use of GGBS, the
introduction of modifiers into the composition does not
affect the retention indicators: in two hours, the concrete
mix retains its mobility mark. The density of the mixture
of the studied compositions also practically does not
change with the introduction of additives and averages
2355 kg/m? (Table 3).

Analyzing the results obtained on the effect of SE-75
and SE-25 on the properties of concrete mixtures based
on the “Proletariy” cement, the introduction of additives
has a positive effect on the preservation of the concrete
mixture (Table 4). Thus, for compositions 3.1-3.5, it is
possible to increase the cone draft from P4 to P5 (reten-
tion time is 60 minutes), at the same time, a sample con-
taining 0,03% of the SE-75 modifier is characterized
with a maximum density of 2370 kg/m?.

The introduction of the admixture SE-25 has a lesser
effect on the retention of the concrete mixture, but also
increases the density, as with the use of SE-75.

The strength characteristics of concrete were ob-
tained using two modifies on different binder systems
(Fig. 1). For convenience, these results were interpreted
as a percentage increase in strength relative to the base
compositions (without the use of modifiers).
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TABJIMIA 3 PEOJIOTMYECKHE XAPAKTEPUCTUKH BETOHHOM CMECH C UCITIOJIb30BAHUEM
JOBABOK MOJU®UKATOPOB HA IEMEHTE «ITPOJIETAPUN»
Table 3 Rheological properties of concrete mix using modifiers. Cement “Proletariy”

Cocras Monudukarop, % Ocajnka Konyca, Ocajaka KoHyca, I[InoTHOCTH 6eT0;-ll-l0171 cMecH,
Compasition Modifier, % 5 MHH., cM 120 MuH., cM KI/M
Slump, 5 min., sm Slump, 120 min., sm Density of concrete mix, kg/m3
Jlo6aBka SE-75
Admixture SE-75
1 0 19,5 15,5 2316
1.1 0,02 18,5 18,5 2316
1.2 0,03 17 18 2323
1.3 0,05 18 18,5 2330
1.4 0,10 17,5 17 2343
1.5 0,20 17,5 18,5 2327
Jlo6aBka SE-25
Admixture SE-25
1 0 18 14 2324
1.6 0,02 18 18,5 2323
1.7 0,03 19,5 18,5 2333
1.8 0,05 19,5 18 2344
1.9 0,10 19,5 18 2351
1.10 0,20 20 18,5 2342
Jlo6aBka SE-75
Admixture SE-75
2 0 17,5 18 2372
2.1 0,02 18 18,5 2357
2.2 0,03 18,5 18 2360
2.3 0,05 18 18 2370
2.4 0,10 18,5 19 2376
2.5 0,20 19 19 2372
Jlo6aBka SE-25
Admixture SE-25
2 0 18 18 2364
2.6 0,02 16,5 17,5 2340
2.7 0,03 17 17,5 2350
2.8 0,05 16,5 17,5 2360
2.9 0,10 17 17,5 2355
2.10 0,20 16,5 17 2350

TABJIUILIA 4. PEOJIOTUMYECKUE XAPAKTEPUCTUKH BETOHHOM CMECH C UCIIOJIb30OBAHUEM
JOBABOK MOJJU®UNKATOPOB HA IEMEHTE «HOBOI'YPOBCKHNIN»
Table 4. Rheological properties of concrete mix using modifiers. Cement “Novogurovsky”

Cocras Monudukarop, % Ocanka KoHyca, Ocajaka Konyca, IaoTHOCTH 6eT03HH0i71 cMecH,
Composition Modifier, % 5 MHH., M 60 MuH., cM KI/M
Slump S min., sm Slump, 60 min., sm Density of concrete mix, kg/m?3
Jo6aeka SE-75
Admixture SE-75
3 0 22,0 18,0 2350
3.1 0,02 22,5 19,5 2360
3.2 0,03 23,0 20,0 2370
33 0,05 23,0 20,0 2365
34 0,10 22,5 21,0 2355
3.5 0,20 21,5 21,0 2240
JHobGaBka SE-25
Admixture SE-25
1 0 23,0 18,0 2350
3.6 0,02 22,0 18,0 2345
3.7 0,03 22,5 18,0 2350
3.8 0,05 23,0 20,0 2365
3.9 0,10 23,0 20,0 2365
3.10 0,20 22,0 20,0 2360
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PUCYHOK 1

IPOYHOCTH BETOHHbIX CMECEMN
B MPUCYTCTBUU MOJUDPUKATO-
POB

SE-75 (a, 0) u SE-25 (B, 1).

II - «IIposerapuii»;

H - «HoBoryposckuii».

Bpewmst TBepaenus: 1 cyr —a, B; 28 cyr -0, T

Figure 1

Strength of concrete using modifiers
SE-75 (a, b) u SE-25 (c, d).

P — cement “Proletariy”,

N — cement “Novogurovsky”
Hardening time: 1 d —a, c: 28 d — b,d
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[Tomy4eHHbIE pe3yabTaThl MOKA3BIBAIOT, YTO XUMUYECKHUE
J00aBKH pabOTAIOT CXOXKHIM 00pa3oM B OETOHE C CHCTEMOH BsI-
xkyumx «Hosoryposckuity + TMII (puc. 1). Tak, Ha Hagasb-
HBIX dTanax TBepAeHus (1 cyr) BBeaenue SE-75 B auanasone
no3upoBok 0,02-0,1 % B cocTaB OCTOHHOI CMECH MO3BOJISCT
YBEJIMUUTh PaHHIOI NMpo4HOCTh cBhime 10 % (puc. la). Ha
MPOYHOCTHBIE XapaKTEPUCTHKU B Bo3pacTe 28 cyT Moanduka-
TOP TaK)Ke CKa3bIBACTCS MOJIOKUTEIHHO: NMPH BBEACHUH B KO-
mrgectBe 0,03—-0,1 % Rexos yBenmmuuBaercst Ha 14 % (puc. 10)
OTHOCHTEJIFHO KOHTPOJIBHOTO cocTaBa (0e3 BBEICHHS 0-
OaBKn).

Cxoxuil BKIaa B MIPUPOCT MIPOYHOCTH BHOCUT MOAN(HKA-
top SE-25 (puc. 1B). OnHaxo, B Bo3pacte | cyT TBepIeHHE MPH-
MeHeHue no6aBku cBbime 0,05 % MOXKET HOCHTh OTPaHUYCH-
HBIN XapakTep B CBA3U C 3(h(HeKToM 3aMeIeHHs 3a CUeT HaIH-
yust KapOboruapaToB B cocTase [16].

[lpu cMeHe cucTeMbl BSDKYLIIMX B OETOHHOW CMecH Ha
«IIponerapuit» + TMIII npumenenne 106aBOK MOAN(DUKATO-
POB HOCHUT aHAJIOTHMYHBIN XapaKTep, YTO U B MPEIbIIYIIEM CITy-
qae.

OnHako, Ipyu IPUMEHEHNH J00aBOK MOIU(PHUKATOPOB B Oe-
TOHHOHM CMecCH TOJIbKO Ha ocHOBe 1eMeHTa «[Iponerapuit» nx
BKJIJ] B IPOYHOCTHBIE XapaKTEPUCTHKH HOCUT HE TaKOH SIBHBIN
xapakrep. B pannue cpoxu tBepaenus seenenue SE-75 u SE-
25 mpakTHYECKH HE BIMSAET HAa YBEJINYEHHE TPOYHOCTH.
Hanpotus, mpu yBeIWYEHUH AO3UPOBOK JT00AaBOK MPOYHOCTH
pe3ko cHmKaeTcs. Tak ke, Kak ¥ B MPEABIAYIINX CIydasx, 3TO
MOJKHO CBSI3aTh C COJEP’KaHHEM B COCTaBaxX MOTU(PHUKATOPOB
KapOOTHIpaToB.

B Bo3pacte 28 cyT nmpupoCT MPOYHOCTH BapbUPyeETCs OT 4
J0 8 % B 3aBUCHUMOCTHU OT IPUMEHAEMON T03UPOBKHU.

JanHb1ii 3QPeKT MOKHO OOBICHUTD CICAYIOINM 00pa3oM.
Tak, mpuMeHeHHE H30NPONAHOJAMUHOB (OCHOBHOW KOMIIO-
HeHT 100aBku SE-75) B cocTaBe IieMEHTa CO IIJIaKOM T03BO-
JSIET TIOJIyYHUTh OoJiee TUIOTHYI0O MHUKPOCTPYKTYPY, MEHBIIYIO
HOPUCTOCTh U OoJiee paHHEe pa3BUTHE MPOYHOCTH 33 CYET
YITy4IIEHHOTO paclpeeNeHus] U B3auMOICHCTBHS THAPATHBIX
(a3 ¢ MuHEpalaMH IIJIAKOBOTO KOMIOHEHTa. B cmecu 6e3 Mu-
HEPATBHBIX 100aBOK 3P PEKT MEHEe BBIPAXKEH, TIOCKOJIBbKY 0a-
30Basl CHUCTEMa [EMEHTa 03 IIaka HWMEeT MEHbIIE
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The obtained results show that chemical admixtures
work in a similar way in concrete with the “Novogurov-
sky” + GGBS binder system (Fig. 1). Thus, at the initial
stages of hardening (1 day), the introduction of SE-75 in
the dosage range of 0.02-0.1% into the composition of the
concrete mixture makes it possible to increase the early
strength over 10% (Fig. 1a). The modifier also has a posi-
tive effect on strength characteristics at the age of 28 days:
when administered in an amount of 0.03—-0.1%, Rcs in-
creases by 14% (Fig. 1b) relative to the control composi-
tion (without the addition of an additive).

The SE-25 modifier makes a similar contribution to the
increase in strength (Fig. 1b). However, at the age of 1 day
of hardening, the use of an additive over 0,05% may be
limited due to the slowing effect due to the presence of
carbohydrates in the composition [16].

When changing the binder system in the concrete mix
to “Proletariy” + GGBS, the use of admixtures of modifi-
ers is of a similar nature as in the previous case.

However, when using modifier admixtures in a con-
crete mix based only on “Proletariy” cement, their contri-
bution to strength characteristics is not so obvious. In the
early stages of hardening, the introduction of SE-75 and
SE-25 has virtually no effect on the increase in strength.
On the contrary, when the dosages of admixtures are in-
creased, the strength decreases sharply. As in the previous
cases, this can be attributed to the content of carbohydrate
modifiers in the formulations.

At the age of 28 days, the strength gain varies from 4
to 8%, depending on the dosage used.

This effect can be explained as follows. Thus, the use
of isopropanolamines (the main component of the SE-75
admixture) in cement with slag makes it possible to obtain
a denser microstructure, lower porosity, and earlier
strength development due to improved distribution and in-
teraction of hydrate phases with the minerals of the slag
component. In a mixture without mineral additives, the ef-
fect is less pronounced, since the basic cement system
without slag has less favorable conditions for adsorption



Engineering and Technology of Silicates. Volume 32, No5 (special edition), 2025

OGIaronpuUSTHBIX YCIIOBUH AT aACOPOLUH ¥ KOOPIUHALINN TH]-
paTHBIX (a3 o] BO3ACHCTBHEM aIKaHOJIAMHUHOB. Takxe B CH-
CTeMax CO IIJaKOM A00aBKM Ha OCHOBE M30IPOIIAHOJIAMHUHOB
MOTYT CTaOWIM3HPOBATh CHIMKATHl M aIFOMHHATHI KaJIbIHs B
paHHHE CTaJnu¥ THAPATAIUH, CHIXAas CKOPOCTh KPUCTAIIIN3a-
IIMH, HO I 3TOM (hopMUpyst 60JIee NPOYHYIO CBS3b MEXY (a-
3aMH, YTO B MTOre MOBBIIIAET MIPOUYHOCTh HA CXKATUE IO CpaB-
HEHUIO C TIOpTJIaH IIIEMEHTaMH 0€3 MHUHEPAJIbHBIX 100aBOK.

B cMmecsx co nutakoM sHeprusi, HeoOXoauMast Jisl repepac-
Hpe/ieNieHNs] THIPAaTUPOBAHHBIX MOHOB, HHMXKE I0J] BIMSHUEM
TEA (ocHOBHO# KoMITOHeHT no6aBku SE-25), uTo mo3Bossier
ObIcTpee JOCTUraTh INIOTHOCTH CTPYKTYPHI U TpeOyeMoi pod-
HOCTH. be3 MuHepanabpHBIX JOOABOK CHCTEMa MMEET MEHBIIHUE
BO3MOXKHOCTH JUIS TaKuX II€PEpacCHpesieNiCHH i, MO3TOMY -
¢exr TEA cnabee. Beenenne ankaHOIaMIHOB MOYKET CHU3HTH
pa3Mep Mop M yMEHBIINTh HX 00BEM B CHCTEME CO IIJIAKOM 3a
CU&T JIyUIIero 3anoHEeHNsI MEXK3EPHOBBIX POMEXKYTKOB H 00-
nee 3¢ PEeKTUBHON KPUCTAIUTU3ALNH, YTO MPSIMO KOPPEIUPYET
C MPOYHOCTHIO. B uncTom moptiananemeHte 6e3 100aBOK Ta-
KHe yJIy4IlleHUs] OrpaHHYEHBI H3-32 OTCYTCTBUS OJIAarompusT-
HBIX MTOBEPXHOCTHBIX U CTPYKTYPHBIX ycioBuil. IlonpoOHsbrit
MEXaHU3M BIMSHUS aJKaHOJIAMUHOB HA THAPATALUIO LIEMEH-
TOB aBTOpaMu OBUIH M3y4YeHHI paHee [17].

BropsIM 3Tanom paboTel ObLIO U3YUEHHUE BIHSIHUS 100aBOK
Ha IIPOYHOCTHBIE CBOIMCTBA OETOHHBIX CMecel Ha OCHOBE TPeX
pa3nmuuHbIX 1eMeHToB («CepebpsHckuiy, «Bombck» u «Dep-
3MKOBO»). BBUIM TpHUTOTOBNEHBI ABE pa3iIWdYHBIE OCTOHHBIC
cMecH Ha ocHOBe IeMeHTa «CepedpsHckuin» (puc. 2a) u «Ce-
peopstackuiiy + TMII (puc. 26). B mepBoM ciiydae KOJHUECTBO
nemMeHTa coctapisiio 300 Kr, 4TO COOTBETCTBYET Kiaccy Oe-
toHa B30. Bo BTopoM citydae ucnonb3oBanu S00 Kr nieMeHTa 1
40 xr TMII (knacc 6erona B60). [TonapHsie 6 TOHHBIE CMECH
OTJIMYAJIUCh TOJILKO MPUCYTCTBHEM A00aBKM Moau(HKaTtopa
SE-75 B nosuposke 0,05 % 0T Macchl BXKYIIUX MaTEPUAIIOB.

Kak BHAHO M3 MOSyYeHHBIX NaHHBIX, IPUMEHEHHUE MOJIH-
(uKaTopa TMO3BOJSIET YBEIWYUTh NPOYHOCTh OETOHA Ha BCEX
JTanax HApaTalyy ¥ TBEPICHMS, NpUUeM HanOOJIBIINI TpH-
poct B 15 % xapakrepeH i coctaBa 6eToHa kitacca B30 (puc.
2a).

I[Tpu cpaBHEeHUHM JeiicTBHS 100aBOK MOU(UKATOPOB HA Lie-
MeHTe «Bombck» (mo3upoBka no6aBok coctaBuma 0,05 %)
OBLIO OTMEYEHO, YTO HAaMOOJIBIINI BKJIAJ B THIPATAIHIO BHO-
cuT npuMeHenne n06asku SE-75 (puc. 3a), uTo cocraBiser +
14 % OTHOCUTENHHO KOHTPOIBHOTO cOCTaBa. Takke CTOHUT OT-
METHTh, YTO BBEACHHE H0OABOK MOJIOKUTEIHHO CKa3bIBAECTCA
Ha IapaMeTpax COXpaHsIeMOCTH OETOHHBIX cMeceil: MPOHUCXo-
IuT ee yBenuyeHue Ha 30 MuH.

[Ipn npoBeneHun ucnbITaHUE Ha HeMeHTe «Dep3uKoBO»
Obu1a BeIOpaHa nobaBka SE-25 (puc. 30), T. K. JaHHBIA IEMEHT
xapakrtepusyercs 0osee BBICOKUM cozepxkanieM C3A 1 MeHb-
M coepkanueMm C4AF MuHepasoB B cocTase.

Bl B34T KOHTPOJIBHBIA 0Opaser; 6eToHa ¢ coaep KaHueM
330 kr ieMeHTa, coctaB, K KoTopoMy fAobasmimm SE-25, a Takke
OeToHHAs CMECh, Iie OBIJIO CHIKEHO KOJMYECTBO [IEMEHTa Ha
30 xr (10 %) m mpumenern momupukatop. llodydeHHbIE
PE3yNbTaThI MMOKA3BIBAIOT, YTO NoOaBieHne SE-25 mpuBOIUT K
YBEJIMYECHUIO MTPOYHOCTH OETOHA Ha BCEX ATAlax TBEPACHHA
(Ipy  OAMHAKOBOM COJEP)KaHWU BSDKYILIETO MaTepHaia B
COCTaBE) WM OCTAaeTCs Ha YPOBHE C KOHTPOJIBHBIM 00paslioM
(Toe KoM9IecTBO BSKYIIETO CHIDKEHO Ha 10 %).

and coordination of hydrate phases under the influence of
alkanolamines.

Also, in systems with slag, admixtures based on iso-
propanolamines can stabilize calcium silicates and alumi-
nates in the early stages of hydration, reducing the rate of
crystallization, but at the same time forming a stronger
bond between the phases, which ultimately increases com-
pressive strength compared with Portland cements without
mineral additives.

In mixtures with slag, the energy required for the re-
distribution of hydrated ions is lower under the influence
of TEA (the main component of the additive SE-25),
which makes it possible to achieve the density of the struc-
ture and the required strength faster. Without mineral ad-
ditives, the system has fewer opportunities for such redis-
tributions, so the TEA effect is weaker. The introduction
of alkanolamines can reduce the pore size and reduce their
volume in a system with slag due to better filling of the
intergranular spaces and more efficient crystallization,
which directly correlates with strength. In pure Portland
cement without additives, such improvements are limited
due to the lack of favorable surface and structural condi-
tions. The detailed mechanism of the effect of alkanola-
mines on cement hydration was studied earlier by the au-
thors [17].

The second stage of the work was to study the effect of
admixtures on the strength properties of concrete mixtures
based on three different cements (“Serebryansky”,
“Volsk” and “Ferzikovo”). Two different cement-based
concrete mixes “Serebryansky” (Fig. 2a) and “Serebryan-
sky” + GGBS (Fig. 2b) were prepared. In the first case, the
amount of cement was 300 kg, which corresponds to the
concrete class B30. In the second case, 500 kg of cement
and 40 kg of GGBS (concrete class B60) were used. The
paired concrete mixes differed only in the presence of the
addition of the SE-75 modifier in a dosage of 0,05% by
weight of the binders.

As can be seen from the data obtained, the use of a
modifier makes it possible to increase the strength of con-
crete at all stages of hydration and hardening, with the
largest increase of 15% typical for the composition of con-
crete of class B30 (Fig. 2a).

When comparing the effect of modifier admixtures on
«Volsk» cement (the dosage of admixtures was 0,05%), it
was noted that the greatest contribution to hydration is
made by the use of the additive SE-75 (Fig. 3a), which is
+ 14 % relative to the control composition. It is also worth
noting that the introduction of additives has a positive ef-
fect on the retention parameters of concrete mixtures: it
increases by 30 minutes.

When testing “Ferzikovo”cement, the admixture SE-
25 was selected (Fig. 3b), because this cement is charac-
terized by a higher content of C3A and a lower content of
C4AF minerals in the composition.

A control sample of concrete containing 330 kg of ce-
ment was taken, the composition to which SE-25 was
added, as well as a concrete mixture, where the amount of
cement was reduced by 30 kg (10 %) and a modifier was
applied. The results show that the addition of SE-25 leads
to an increase in the strength of concrete at all stages of
hardening (with the same binder content in the composi-
tion) or remains at the same level as the control sample
(where the amount of binder is reduced by 10 %).
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PUCYHOK 2

IMPOYHOCTHBIE XAPAKTEPUCTUKHU
BETOHOB HA LIEMEHTE «CEPEBPSH-
CKHi» B IIPUCYTCTBUA MOJIUDHUKA-
TOPA SE-75:

a — KJjacc oerona B30;

0 — KJacc oerona B60

Figure 2

Strength characteristics of concrete on ce-
ment “Serebryanskiy” using SE-75 modifier:
a — B30 class of concrete;
b — B60 class of concrete

PUCYHOK 3

IMPOYHOCTHBIE XAPAKTEPUCTUKHU
BETOHOB B MPUCYTCTBHUU MOJIU-
OUKATOPOB:

a — Ha OCHOBe IleMeHTa «BoJbck»;

0 — Ha ocHOBe HeMeHTa «Dep3uKoBO»

Figure 3

Strength characteristics of concrete mix using
modifiers:

a — based on cement “Volsk”;

b — based on cement “Ferzikovo”

IIpu ycnoBun, uro nena 1 T uementa cocrasisiet 8500 pyo0.,
a croumocTs Monudukaropa mopsaka 350 py6., To mpu
CHIDKCHUH KOJIMYECTBA BsDKYILETO B COCTaBe OETOHHOI cMecH
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Provided that the price of 1 ton of cement is 8,500
rubles, and the cost of the modifier is about 350 rubles,
then if the amount of binder in the concrete mix is reduced
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Ha 10 % DKOHOMHS TPH HPOM3BOACTBE 1 M> GETOHA MOXKET
cocTaBuTh mopsaka 200 py6./M>, 4TO SKBUBAIEHTHO SKOHOMHH
B 27 MIH. py0./To1 (TIpr IPON3BOAUTENEHOCTH 3aBoa 120 ThIC.
M> 6eTOHaA B rox).

3akjouenue

WzyueHo BiusiHKE ABYX pa3IMuHbIX 100aBOK MOAM(DHUKATO-
POB Ha CBOWCTBa OETOHHBIX CMECEi Ha OCHOBE IIEMEHTOB, OT-
JMYAIONINXCS MHHEPATOTHYECKHM COCTaBOM. Y CTaHOBIICHO,
YTO ONTUMAJbHAs JIO3UPOBKA JIBYX 100aBoK cocrasiser 0,03—
0,05 % ot maccel BspKymiero. VIMEHHO B TakoM JAMama3oHE
HabmromaeTcst OanaHc Mexay 3PpPEeKTHBHOCTHIO U IKOHOMHYE-
CKOM COCTaBJISFOIIEH (IIpH PEIICHUH CHIDKATh KOJIMYECTBO IIe-
MEHTA B COCTaBe).

OmnpezneneHo, 9To BBEACHUE J00aBOK MOIU(HUKATOPOB B
CHCTEMBI, COZIEPXKAIINEe B CBOEM COCTAaBE IIUIAKH, MO3BOJSET
HOJIYyYUTh OOJBUIMK MTPUPOCT 1O IPOYHOCTH 0 CPABHEHHUIO C
KIMHKEPHBIMH [IEMEHTaMU. OTO OOBACHIETCS CO34aHUEM
YIUIOTHEHHOM MUKPOCTPYKTYPOU LIEMEHTHOI'O KaMHsI, a TAKKe
(dhopMupoBanueM 0oJiee MPOUHBIX CBsI3CH MEXIY (hazamu.

Beezenne 106aBok Moau(UKaTOPOB MO3BOJISIET YBEIHYHUTh
NPOYHOCTH OeToHa B Bo3zpacTe 28 cyT Ha 15-20 % B 3aBHCUMO-
CTH OT IIPUMEHSAEMBIX BSDKYIIHX.

C moMOIIBIO HCTIONB30BAHHUSA 100aBOK MOIU(PHKATOPOB
YIAJIOCh CHHU3UTH KOJIWYECTBO IIEMEHTa B OCTOHHOW CMecH
knacca npoynoct B30 Ha 10 %, 4To mpH NPOU3BOAUTEIBHO-
ctu GeTOHHOTO 3aBoja mopsaka 120 Teic. M B TOz1, SKBHBa-
JEHTHO 27 MJIH. pyO0., 9TO MOJIOKUTEIHHO CKa3bIBACTCS Ha 3KO-
HOMMYECKOH COCTaBIISIIOIICH.
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by 10 %, savings in the production of 1 m? of concrete can
be about 200 rubles/m?, which is equivalent to savings of
27 million rubles/year (with a plant capacity of 120
thousand m? of concrete per year).

Conclusion

The effect of two different modifiers on the properties
of cement-based concrete mixtures with different miner-
alogical composition has been studied. It was found that
the optimal dosage of the two admixtures is 0,03—0,05%
of the binder weight. It is in this range that a balance is
observed between efficiency and the economic component
(when deciding to reduce the amount of cement in the
composition).

It is determined that the introduction of modifier ad-
mixtures into systems containing slags allows for a greater
increase in strength compared to clinker cements. This is
due to the creation of a compacted microstructure of ce-
ment stone, as well as the formation of stronger bonds be-
tween the phases.

The introduction of modifier admixtures makes it pos-
sible to increase the strength of concrete at the age of 28
days by 15-20 %, depending on the binders used.

By using modifier admixtures, it was possible to re-
duce the amount of cement in the concrete mix of strength
class B30 by 10 %, which, with a concrete plant capacity
of about 120 thousand m® per year, is equivalent to 27 mil-
lion rubles, which has a positive effect on the economic
component.
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