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BBICOKOITPOYHBIE HIEMEHTBI HU3KOU BOAOIIOTPEBHOCTHA
I'yasikos E.I'., Xo3un B.I'., bopoBckux U.B., 3uranrupos A.HU.

Ka3zanckuii rocyiapcTBeHHbIH apXHTEeKTYPHO-CTPOUTEILHBIH YHHBEPCHTET

AHHOTANUA

Buo u ceolicmsa yemenma aenaromes KiouegbiMu paxmopamiu npu paspadomre 8biCOKONPOUHbIX U C8EPX8bICOKONPOYHBIX
bemonos (B80-B150 u 6onee). Haubonee nepcnexmusHoim 8u00M AGIAIOMCA YeMeHmyl Hu3Kol gooonompedornocmu (L[HB),
npesocxoosue 8ce NPOMbiULIEHHbIE YeMeHMbl HO MEeXHOL02UYEeCKUM, NPOYHOCTNHBIM, IKOLOSUYECKUM U IKOHOMUYECKUM NO-
Kazamensim, 61a2o00aps 8biCOKOU OUCnepcHocmu u dghgexmy HusKkol eodonompebrocmu. B cmamve npedcmasinenst pesyib-
mamvl paspabomiu evicokonpounvix L[[HB, npednasnauennvix 05t NOLyYeHUs: 6bICOKOKAYECNBEHHbIX MEIKO3EPHUCMbIX Oemo-
HO8 108020 nokonenus. M3yueno cocmosanue 60npoca no akmyaibHocmu memol uccreooganus. Ilonyuenvt sxcnepumenmans-
Hble 3a8UCUMOCTNU HOPMATILHOU 2YCIOMbL U NOOGUNCHOCIU, RPOYHOCIIU YeMeHMH020 Kamusi u akmuenocmu L{HB-100 (100%-
oe codepoicanue nopmaanoyemenma) ¢ yoeavnoti nogepxrocmuio om 5000 cm’/z 0o 9500 cm?/2, nonyuennvix coemecmuvim
nomonom cmandapmuuix yemenmog LJEM 1 42,5H u IIEM 0 52,5H ¢ pasuvim codepoicanuem cynepniacmuguxamopa «Ilonu-
nracm IIK» (mun R). Onmumansusie cocmasvl LIHB-100 na smux yemenmax 0ocmueaiom npouHoCmu YeMeHmHo20 KamHs Ha
cocamue, coomsemcemeentno, 212 u 231 MIla u akmugnocmu (npounocms yemenmHuo-necuano2o pacmeopa) — 93 u 112 Mila
npu yoenvnoii nogepxnocmu 7300 cm’/z u 6600 cm’/e. Dmo nossonsem pexkomendoeams ux Ons NOLYYEHUs 6blCOKONPOUHBIX U
CBEPXBLICOKONPOUHBIX OEMOHO8.
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ABSTRACT

The type and properties of cement are key factors in the development of high-strength and ultra-high-strength concretes
(B80-B150 and higher). The most promising type is low water demand cement (LWDC), which surpasses all industrial cements
in technological, strength, environmental and economic indicators due to high dispersion and the effect of low water demand.
The article presents the results of the development of high-strength LWDC intended for obtaining high-performance fine-
grained concretes of a new generation. The state of the art in terms of the relevance of the research topic is studied. Experi-
mental dependencies of normal consistency and mobility, strength of cement stone and activity of LWDC-100 (100% Portland
cement content) with a specific surface area from 5000 cm?’/g to 9500 cm?/g obtained by joint grinding of standard cements
CEM 142.5N and CEM 0 52.5N with different contents of the superplasticizer "Polyplast PC" (type R) are obtained. Optimum
compositions of LWDC-100 on these cements achieve compressive strength of cement stone of 212 and 231 MPa, respectively,
and activity (strength of cement-sand mortar) — 93 and 112 MPa with a specific surface of 7300 cm?/g and 6600 cm?/g. This
allows them to be recommended for obtaining high-strength and ultra-high-strength concretes.
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BBEJEHUE

I{eMeHTHBIN OETOH — OCHOBHOW KOHCTPYKIIMOHHBINA CTPOH-
TENbHBIM MaTepHuaa BO BCEM MUPE — €ro IPOU3BOACTBO MPEBbI-
mwaet 11 Mapa. M B ToJ1, yYMTHIBAs U3BECTHBII MUPOBOH 06BEM
MIPOM3BO/ICTBA LieMeHTa Oornee 4 mipa. ToHH. [Ipu 3TOM rias-
Hasl IIeJTb COBEPIICHCTBOBAHNUS TEXHOJIOTHH OETOHA COCTOMT B
MOBBIIIIEHUH €TO TPOYHOCTH M IOIATOBEYHOCTH. [IepBoii cTyte-
HBIO Pa3BUTHS OOBIYHBIX OETOHOB (TI0 MEXITYHAPOIHOMH TepMHU-
Hosiornn NC — normal concrete) CYMTAIOTCSI BRICOKOTIPOYHBIE
6eronsl (High Strength concrete — HSC), pa3BuTie KOTOpBIX
MIPUBEJIO K BRICOKOKauecTBeHHbIM OeToHaM (High-Performance
concrete — HPC). YHUKaTbHBIM BHIOM SBISIETCS CAMOYILIOT-
usronmiicss 6eron (Self-Compacting Concrete - SCC) [1,2].
[MTociennue Tpu BUxa OBLIM MOJYYEHBI IIyTEM COBMECTHOT'O
MPUMEHEHHUS CYNepIIacTH(UKATOPOB U ITYIIIOJIAHOBBIX J100a-
BOK (MHUKpOKpeMHe3eMa U Apyrux) [3,4]. B mupoBoii mpakTuke
HanOoJee COBEPIIEHHBIM BUOM CUMTAETCS] CBEPXBBICOKOKaUe-
crBernblii 6eron UHPC (Ultra-high performance concrete).
UHPC — GpICTpO pa3BUBAIOMIAKCS B MTOCITIEIHNE TOIBI BHI Iie-
MEHTHOTO KOMITIO3HTa C MPOYHOCTRIO Ha cxatue Oomee 150
MIla. On o6nazaeT HCKIIOYUTENBHBIMA MEXaHHYECKUMHU
CBOMCTBAaMH M BBICOKOW JTOJITOBEYHOCTHIO Oarofapsi UCIONb-
30BaHMIO LIEMEHTUPYIOIIEH MaTpULbl MAaKCUMAaIbHOU yHEib-
HOW MI0THOCTH [4-6]. Bee BhienepeuncieHHbIe HHHOBAIIMOH-
Hble OETOHBI HAXOMAT HPOMBIIIJICHHOE TPUMEHEHHE B BBICOT-
HOM CTPOHUTEIILCTBE, JOPOKHON MHPACTPYKTYPE U YHUKAIIb-
HBIX apXUTEKTYPHBIX OOBEKTAX.

LlemenT, kak ocHOBa OeTOHa (BsDKYIlIEE MIIM MaTpHUIia B €T0
CJIOKHOH MepapXH4ecKOW CTPYKTYpE), BHIIIOJIHSET OCHOBHYIO
¢yHkuro obecrieueHust npoyHocTu. [lomydeHne OeTOHOB
kiaccoB B100-B150 u 6oiree Ha 0OCHOBE TpaJWIIMOHHBIX 001Ie-
CTPOHTENBHBIX IEMEHTOB KJIACCOB MO IpoyHOCTH 42,5 m 52,5
BO3MOYKHO, HO MPOOJIeMaTHIHO, TaK KaK TpeOyeT MOBBIIICH-
HOTO Pacxojia BSOKYIIETO, TIIATENBHOTO MoA00pa MHUHEpalb-
HBIX J100aBOK, KPEMHE3EMHCTHIX HAIIOJIHUTENEH U 3aII0JIHHUTE-
nei [7].

W3BecTHO, 4TO B hopMysiaX MPOYHOCTH OCTOHA TJIABHBIMH
(hakTOpamu, OmnpenesNsSIoNMMU TPOYHOCTh OSTOHA, SIBIISIOTCS
aKTHBHOCTb LIEMEHTA U BOZOIIEMeHTHOe oTHoIeHue B/11 (unm
o0paTHOEe — IEMEHTHO-BOoMHOE oTHomieHue [I/B). Baxnyro
poIb B OeTOHE UTrparoT HOpMaJlbHAas I'yCTOTa IIEMEHTa U MPoY-
HOCTbH [ITEMEHTHOT'O KaMH:.

3aKOHOMEPHO [ 8], YTO YEM HUXKE BEITMYMHA HAYAJILHOT'O BO-
JIOCOZIEp>KaHMs IIEMEHTHOTO TECTa, TEM BBIIIE MJIOTHOCTH IIe-
MEHTHOTO KaMHsI ¥ €r0 NPOYHOCTh. VIMEHHO HOpMallbHAA TY-
crota (HI') xapakrepusyer BogomoTpeOHOCTh IIEMEHTa M Peo-
JIOTHIO IIEMEHTHOTO TeCcTa (BA3KOCTh, THKCOTPOMHIO). Dr3nye-
CKasl CyThb HOPMaJIbHOHM T'yCTOTBI LIEMEHTHOI'O TECTa COCTOUT
MUHHMAaJIbHOM KOJHMYECTBE BOJIBI, 3aNOTHSIIONIEH BeCh 00beM
MEX]y YaCTHIIaMH 1IeMEHTa IPH UX MTOJTHOM cMaduBaHuu. [o-
stoMmy HI' npuHsTa B KaueCTBE OCHOBHOI'O KPUTEPHsI OLIEHKU
BOJIONIOTPEOHOCTH.

VYuuTteIBasi Bce MHOT0oOpasue CyIIECTBYIOIINX BHUJIOB Iie-
MEeHTa 1 UX MoJuduKaiui [9-12], mo HameMy MHEHHIO, HanOo-
Jiee TIepCHEeKTHBHOE HalpaBJIeHNUE COBEPIICHCTBOBAHUS MOPT-
JIaHIEMEHTOB — 3TO Pa3BUTHE [IEMEHTOB HU3KOI BOJONOTPEO-
HoctH (LUHB), momygaeMbIX yTeM ImoMosta MopTIaHALIEMEeHTa
WIN €T0 KJIMHKEpa ¢ MUHEPATbHBIMHU 100aBKaMu nin 0e3 HUX
coBMecTHO ¢ 1wiactudukaropamu. [[HB oTkpriBaioT HOBBIE
BO3MOXKHOCTH YJIyUIIEHHS] TEXHOIOTHYECKUX M KOHCTPYKLH-
OHHBIX CBOWCTB O6eToHOB [13,14].
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INTRODUCTION

Cement concrete is the main structural building mate-
rial worldwide — its production exceeds 11 billion m? per
year, taking into account the known global cement produc-
tion volume of over 4 billion tons. At the same time, the
main goal of improving concrete technology is to increase
its strength and durability. The first stage in the develop-
ment of conventional concrete is considered to be high-
strength concrete (HSC), the development of which led to
high-performance concrete (HPC). A unique type is self-
compacting concrete (SCC) [1,2]. The last three types
were obtained by the combined use of superplasticizers
and pozzolanic additives (microsilica and others) [3,4]. In
world practice, the most advanced type is considered to be
ultra-high performance concrete UHPC. UHPC is a rap-
idly developing type of cement composite with a compres-
sive strength of over 150 MPa in recent years. It has ex-
ceptional mechanical properties and high durability due to
the use of a cementing matrix of maximum specific den-
sity [4-6]. All of the above-mentioned innovative con-
cretes find industrial application in high-rise construction,
road infrastructure and unique architectural objects.

Cement, as the basis of concrete (binder or matrix in
its complex hierarchical structure), performs the main
function of providing strength. Obtaining concrete of clas-
ses B100-B150 and higher based on traditional general
construction cements of strength classes 42.5 and 52.5 is
possible, but problematic, since it requires increased con-
sumption of binder, careful selection of mineral additives,
siliceous fillers and aggregates [7].

It is known that in the formulas for the strength of con-
crete, the main factors determining the strength of concrete
are the activity of cement and the water-cement ratio W/C
(or the inverse - the cement-water ratio C/W). An im-
portant role in concrete is played by the normal con-
sistency of cement and the strength of the cement stone.

It is natural [8] that the lower the initial water content
of the cement paste, the higher the density of the cement
stone and its strength. It is the normal consistency (NC)
that characterizes the water demand of cement and the rhe-
ology of the cement paste (viscosity, thixotropy). The
physical essence of the normal consistency of the cement
paste is the minimum amount of water filling the entire
volume between the cement particles when they are com-
pletely wetted. Therefore, NC is accepted as the main cri-
terion for assessing water demand.

Considering the diversity of existing types of cement
and their modifications [9-12], in our opinion, the most
promising direction for improving Portland cements is the
development of low water demand cements (LWDC), ob-
tained by grinding Portland cement or its clinker with or
without mineral additives together with plasticizers.
LWDC opens up new possibilities for improving the tech-
nological and structural properties of concrete [13,14].

The scientific and technological foundations of LWDC
(earlier name LWDB — low water demand binders) were
developed by Soviet scientists in the late 1980s — 1990s of
the last century (Sh. T. Babayev, N. F. Bashlykov, V. G.
Batrakov, V. R. Falikman, etc.) [15]. For high-strength
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Hayuno-texnonorndyeckue ocHoBel [[HB (panHee Ha3Ba-
nue BHB — Bsokymue HU3KO0M BOIOMOTPEOHOCTH) OBUTH pa3pa-
00TaHBl COBETCKUMH y4eHbIMH B KoHIEe 1980-x —1990-x rr.
nponwioro Beka (I1I.T. babdaer, H.®. Banuieikos, B.I'. Barpa-
koB, B.P. ®anukman u ap.) [15]. s BRICOKOIPOYHBIX OETO-
HOB npezacTasisioT nHTepec [IHB-100 (100%-0e conepxanue
[IeMeHTa, He cunTas mactudukaropa). menno [IHB-100 06-
JaJaroT HanOOoJbIIeH aKTUBHOCTBIO, YTO HEOOXOIMMO VIS TO-
Jy4eHHsI OETOHOB C BBICOKUMH TEXHOJIOTHIECKIMH U IKCILTya-
tarmonHbsIME cBoricTBamu (UHPC). Ipouecc mony4yenns [THB
OCHOBaH Ha MEXaHOXUMUYIECKON aKTHBAI[HM KOMIIOHEHTOB IIPH
UX cOBMecTHOM nomorte [16,17]. IIpu 3TOM NPOUCXOIUT «BTH-
paHue» cynepriactiudukaTopa B MHKpOJe(eKThl YacTull Lie-
MEHTA U HAIOJHUTENCH, pu3rdeckas ancopOIus U XeMocopo-
must [18]. B pesynbrare addexTuBHEE UCTTONB3YIOTCS KaK HC-
XOAHBIA LIEMEHT (WM KIMHKep), Tak U mactudukarop. Pa-
6oter B.M. Kanamawukosa [19-21] Takxke MO3BOISIOT 00BsC-
HUTH BBICOKYI0 3(dexTuBHOCTs [TAB MX «rmpenancopOuuon-
HBIM» HAHECEHHWEM Ha 0O0pa3yIOIIyIOCs NMOBEPXHOCTh MHHE-
pajbHOTO Marepuaja MpU COBMECTHOM IIOMOJIE B MEIBHHIIE
(mmapoBoii) ¢ oOpa3zoBaHHEM HaHOPa3MEPHON anCcOpPOITMOHHON
TUTCHKH, OOeCreunBaromeli OONBIINA BOXOPELYTUPY IO
a¢ddexT, yeM mpu OOBIYHOM BBEICHUH IIIACTH(QHKATOPOB B
BOJIy 3aTBOPEHUSI.

Jl1s1 monmy4enust BBICOKOIPOUYHOM LIEMEHTHOM MaTpUILIbl Ba-
’eH (ppaKkLMOHHbII cocTaB BsKyLIero. Posb kaxnoi ppakuuu
B Tpoliecce Habopa MPOYHOCTH [IEMEHTHOTO KaMHSI 3aBUCHT OT
ee IMapLUanbHOro cojepXkaHus B OeToHHOW cmecu [22,23].
HanbOonee akTHBHOW 4YacThIO MOPTIIAHALEMEHTA, BIIUSIOIICH
Ha IPUPOCT MPOYHOCTH Ha HAYAJIBHBIX CTaUIX TBEPJICHNUS, SIB-
JstroTest ppakuys pasmepoM 1-20 MKM, B KOTOpOit camast TOH-
Kasi pakmys 4acTHI[ 10 5 MKM aKTHBHEE BCETO y4acTBYET B
THIpaTalliK B pAaHHUE CPOKH TBEPACHMS IIEMEHTa (10 7 CYT), a
MapOYHYIO IPOYHOCTh 00ECIEUNBAIOT YACTHIIBI PA3MEPOM OT 5
1o 20-30 mMxMm (mo 28 cyT), Pppakius gactuil >30 MKM IIPaKTH-
YECKH HE UTPAeT PO B aKTHBHOM CTaJWH THAPATAlUU KaK B
paHHHUE CPOKU TBEPICHUS, TaK M IPH JOCTHKEHUN MapOYHOMH
MPOYHOCTH LeMeHTa [24-26]. B cpaBHEHUH ¢ PAIOBBIM HOPT-
naraiementoM [{HB-100 o61anaroT BEICOKOH TUCTIEPCHOCTBIO
1 HauOOJIBIIUM COJICPIKAaHUEM TOHKOM (hpakiuu [27].

Ipeumymecrsa [THB nmoareepxmaroTcs B psije padboT [28-
30], u3y4eHsl CBOWCTBA OCTOHOB Ha MX OCHOBE, B TOM YHCIIC
MOJM(UIMPOBAHHBIX Pa3IMYHBIMHA HANIOJHUTEISIMA M HaHO-
pa3MepHbIMH fo0aBkamu. OHAKO, IPEJeIbHBIE BO3MOXHOCTH
IIHB moxa e nocturHyTHL. Llenecoobpa3Ho mpoBecTH Mccie-
IoBaHUS 1O Moaupukanuu BeICOKoamcnepcHoro [THB-100.
YuuteiBas 310, OOJIBIION HHTEPEC MIPEICTABISIOT NaTbHEHIITIE
ucciefoBaHus B packpbsiTin moreHnuaia [{HB-100. B ces3u ¢
4yeM OBIIIH OIIPEAEIEHBI CIEeAYIOMNe 3a1a4H UCCIeOBAHNA:

- MaKCUMaJbHOE CHHXKECHHUE BOIONOTPEOHOCTH, 3aBUCSIIIEE
OT KOMILIeKca (paKTOPOB: YIENIbHON MOBEPXHOCTH, IPaHyJIO-
MeTpun 1 koHueHTpaiuu CII B cocrase LIHB-100;

- TOCTMKEHHE BBICOKOI MPOYHOCTH LIEMEHTHOTO KaMHS U
aktuBHOcTH [THB-100.

Heas wuccaenoBaHusl — IMOJIYYUTh BBICOKOIPOUYHBIE Lie-
MEHTBI HU3KOH BOJONOTPEOHOCTH IyTEM yCTaHOBIICHUS BIIUS-
HUs cynepruiactudukaropa npu momydennn [[HB-100 ¢ mm-
POKHM HHTEPBAJIOM yJIENBHOH ITOBEPXHOCTH HAa HOPMAJIBHYIO
TYCTOTY, TOJBI)KHOCTh LIEMEHTHOTO TE€CTa, MPOYHOCTH Iie-
MEHTHOTO KaMHSI U aKTUBHOCTb.

MaTepna.mﬂ H METObI HCCTICTOBAHUSA

Jlnst mony4yeHWs IIEMEHTOB HU3KOH BOJOMOTPEOHOCTH

concretes, LWDC-100 (100% cement content, excluding
plasticizer) are of interest. It is LWDC-100 that has the
highest activity, which is necessary for obtaining concrete
with high technological and operational properties
(UHPC). The process of obtaining LWDC is based on the
mechanochemical activation of the components during
their joint grinding [16,17]. In this case, the superplasti-
cizer is “rubbed” into the microdefects of cement particles
and fillers, physical adsorption and chemisorption occur
[18]. As a result, both the original cement (or clinker) and
the plasticizer are used more effectively. The works of V.I.
Kalashnikov [19-21] also allow us to explain the high ef-
ficiency of surfactants by their “pre-adsorption” applica-
tion to the resulting surface of the mineral material during
joint grinding in a ball mill with the formation of a nano-
sized adsorption film, providing a greater water-reducing
effect than with the usual introduction of plasticizers into
the mixing water.

To obtain a high-strength cement matrix, the fractional
composition of the binder is important. The role of each
fraction in the process of gaining strength of the cement
stone depends on its partial content in the concrete mixture
[22,23]. The most active part of Portland cement, affecting
the strength gain at the initial stages of hardening, is the
fraction of 1-20 pm, in which the finest fraction of parti-
cles up to 5 um most actively participates in hydration in
the early stages of cement hardening (up to 7 days), and
the grade strength is provided by particles from 5 to 20-30
pm (up to 28 days), the fraction of particles >30 pum plays
virtually no role in the active stage of hydration both in the
early stages of hardening and when the grade strength of
the cement is reached [24-26]. In comparison with ordi-
nary Portland cement, LWDC-100 has a high dispersion
and the highest content of the fine fraction [27].

The advantages of LWDC are confirmed in a number
of works [28-30], the properties of concretes based on
them have been studied, including those modified with
various fillers and nanosized additives. However, the ulti-
mate capabilities of LWDC have not yet been achieved. It
is advisable to conduct research on the modification of
highly dispersed LWDC-100. Given this, further research
in revealing the potential of LWDC-100 is of great inter-
est. In this regard, the following research objectives were
defined:

- maximum reduction in water demand, depending on
a set of factors: specific surface area, granulometry and
concentration of superplasticizer in LWDC-100;

- achieving high strength of cement stone and activity
of LWDC-100.

The purpose of the study is to obtain high-strength
low water demand cements by establishing the effect of
superplasticizer in the production of LWDC-100 with a
wide range of specific surface area on normal consistency,
mobility of cement paste, strength of cement stone and ac-
tivity.

Materials and methods of research

To obtain low water demand cements (LWDC-100),
industrial Portland cement (PC) of two classes and a su-
perplasticizer based on polycarboxylate esters and its
aqueous solutions were used.

117



Texuuxa u mexnonocus cunukamos. Tom 32, Ne2, 2025

(IIHB-100) npuMeHsAIM NPOMBIIUICHHBI MOPTIAHALEMEHT
(T1LT) nByx KiaccoB M cynepriacTH(GUKaTop Ha OCHOBE MOJIH-
KapOOKCHJIATHBIX 3()MPOB U €ro BOJHBIE PACTBOPBI.

XapakTepuCcTHKa UCTIONb3YEMbIX MaTCPHAIOB U BEILIECTB!

- noprinanaueMenT HEM [42,5HTOCT 31108-2020 ¢ Hop-
MaJIbHOM ryctoToil nemeHnTHoro tecra HI'=28% wu ynenpHOMI
MOBEPXHOCTBIO Sy,=3650 cM*/T, mponssoactea AO «Bora Lle-
MeHT» (T. Bonbck);

- Hoptnargnement LEM 0 52,5H T'OCT 31108-2020 ¢
HOPMaJIBHOH T'yCTOTOM nemMeHTHoro tecta HI'=27% u ynemns-
HOM MOBEPXHOCTHIO Sy, =3600 cm?/r, mponsoactea OO0 «Ile-
MeHTyM Bosray (r. Boisck);

- cyneprutactudukarop «I[lonmumuact I[TK» (tun R) (coxpa-
mienHo «I1K-R») Ha ocHOBe mosuKapOOKCHIATHBIX 3(QUPOB B
(hopme BOJOPACTBOPUMOTO MOPOLIKA OEJI0ro 1BeTa ¢ HACHIM-
HOl moTHOCTRIO 670 Kr/M> M B Buae roroBoro 50%-ro Boj-
HOTO pacTBOpa, COOTBETCTBYIOUMH TpeOoBaHusM TVY
20.59.59-098-58042865-2022, mnpousoactBa AQO «Ilomun-
jacT».

Jns monydenus [{THB-100 mpuMeHstn MeTpHHITY BHOpa-
muonHyro CBM-3, mpermHa3sHaueHHYIO ISl TIEPHOIMYECKOTO
M3MEIBUCHHS TOPOLIKOOOPa3HOTO WIIM 3EPHUCTOTO MaTepuaia
B 1a0OPaTOPHBIX YCIOBUSIX, a TAKXKE IJIs1 MOJEIMPOBAHHUS IIPO-
I[ecca M3MeIbUCHHs Ha MPOMBIIUICHHBIX MeTbHHIAX. O0beM
nomoJibHO# kamepsl CBM-3 pasen 0,1 M3, uMeeTcs BoasHOE
OXJIX/ICHHUE, 3arpy3Ka MaTepuaia o Macce IeMeHTa COCTaB-
nsiet ot 1 1o 3 kxr. [IpuHIMN nelicTBHs BUOPAIMOHHBIX MeEIlb-
HUI] OCHOBAH Ha IIPUBEICHUHU MACCHI IIapOB U U3MEIb4aeMOro
Marepuajia B KpYroBoe JBH)KEHHE IOCPEICTBOM BHOparopa,
CBSI3aHHOTO C AMeKTpojBuraTeneM. YacTuusl mMarepuania, mo-
nasiast B IPOCTPAHCTBO MEXy LIIApaMH, HCIIBITHIBAIOT yJapHbIe
Y CIIBUTAIOLINE HArPY3KH.

KonmuaecTBeHHBIE COCTaBBI HCXOIHBIX CMECEH TSI OTyde-
Hus [THB-100 npuHuManuch ¢ yueToM COAepKaHus cynepIiia-
crudukaropa (CII) mo cyxomy BemecTBy K Macce MOpTIaHI-
rementa — ot 0,5 10 2% c marom 0,25%. Bpems momona co-
CTaBJIsIO OT 2 10 20 MUH.

[Ipu onenke moasmxHocTH neMeHTHoro Tecta (IIT) cre-
JIyeT MMOMHUTH [8], 4T0 agcopOupoBaHHas Ha TOBEPXHOCTH MU-
HepalbHbIX YaCTHUI] BOJIA TEPAET MOJIEKYJISIPHYIO IOBI)KHOCTh
u ymtothsercs (10 1,8-2 r/cm?), mepexoss B TBEPAONOA00HOE
cocrosiaue (cnoit lItepna). [ToaTomy, ¢ pocToM yaenbHOH 11o-
BEPXHOCTH IIEMEHTOB BO3pacTaeT o0beMHas oS aacopOLu-
OHHBIX CJIOEB, yMEHbIIAETCst 00beM CcBOOOHOM BOIBI, 0Oectie-
yuBaromeil monBmxHOCTh LT (BogHO-MHHEpaTbHON CycCIieH-
3uM), U OHa cHiKaercs. [Ipu BBemeHmm mmactugukaropa B
BOJLy 3aTBOPEHUSI €T0 «KPYIHbIE» (Ha OAMH-IBA TOPSAKA) MO-
JIEKYJIbI, IMesI TPEUMYILECTBCHHYIO CEJIEKTUBHYIO aICcOpPOIINIO
Ha MOBEPXHOCTH YaCTHUI] [[EMEHTA, BBITECHAIOT C HEE YacTh MO-
JIEKyJ afcopOMpPOBAHHON BOJBI, MOBBIIIAS TEM CaMbIM JIOJFO
cBOOOTHOM, M yBennunBaoT moABkHOCTE L[T [16]. B cayuae
ITHB monexynsr CII n3Ha4agbHO «OCAKEHHBIE» Ha MOBEPX-
HOCTbh YaCTHII [IEMEHTA, MPEISTCTBYIOT 00pa30BaHuUIO a/icopo-
IIUOHHBIX cJIoeB BoJbl. Kak cieactBue, yBenMuuBaeTcs IO-
nerkHOCTE L[T. Mcxons u3 atoit kapTussl, a3¢dext [THB no-
JKEH 3aBHCETh OT CTENEHHU «3aHSATOCTH» (HACBHILICHUS ) IOBEPX-
HocTH neMeHTa Mosiekynamu CII, a oHa OyneT CHUXaThes € po-
ctoM yzaenbHoM moBepxHoctu [IHB mpu mocrosnHom mpo-
LIEHTE N00aBKH, MIIM BO3pAcTaTh IIPH YBEJIMUYEHHUN €& ComeprKa-
Hus. Takum o0pazoM, 3GGEKT CHIKEHHS BOIOIOTPEOHOCTH
LIEMEHTA ITpHU ero coBMecTHOM nomoute ¢ CIT moxeT HanpsiMyro
OLIEHMBATHCS 10 HOpMaIbHOU TrycToTe U B/11.
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Characteristics of the materials and substances used:

- Portland cement CEM 1 42.5N GOST 31108-2020
with normal cement paste consistency NC=28% and spe-
cific surface area S, =3650 cm?/g, manufactured by Volga
Cement JSC (Volsk);

- Portland cement CEM 0 52.5N GOST 31108-2020
with normal cement paste consistency NC =27% and spe-
cific surface area S,,=3600 cm?/g, manufactured by Ce-
mentum Volga LLC (Volsk);

- superplasticizer "Polyplast PC" (type R) (abbreviated
"PC-R") based on polycarboxylate esters in the form of a
water-soluble white powder with a bulk density of
670 kg/m* and in the form of a ready-made 50% aqueous
solution, meeting the requirements of TC 20.59.59-098-
58042865-2022, manufactured by JSC "Polyplast".

To obtain LWDC-100, a vibration mill SVM-3 was
used, designed for periodic grinding of powder or granular
material in laboratory conditions, as well as for modeling
the grinding process in industrial mills. The volume of the
grinding chamber of the SVM-3 is 0.1 m?, there is water
cooling, the material loading by weight of cement is from
1 to 3 kg. The principle of operation of vibration mills is
based on bringing the mass of balls and the crushed mate-
rial into circular motion by means of a vibrator connected
to an electric motor. Particles of material, getting into the
space between the balls, experience impact and shear
loads.

The quantitative compositions of the initial mixtures
for obtaining LWDC-100 were taken into account taking
into account the content of superplasticizer (SP) by dry
matter to the mass of Portland cement - from 0.5 to 2%
with a step of 0.25%. The grinding time was from 2 to 20
minutes.

When assessing the mobility of cement paste (CP), it
should be remembered [5] that water adsorbed on the sur-
face of mineral particles loses molecular mobility and is
compacted (up to 1.8-2 g/cm?), passing into a solid-like
state (Stern layer). Therefore, with an increase in the spe-
cific surface of cements, the volume fraction of adsorption
layers increases, the volume of free water providing the
mobility of CP (water-mineral suspension) decreases, and
it decreases. When a plasticizer is introduced into the mix-
ing water, its “large” (by one or two orders of magnitude)
molecules, having a predominant selective adsorption on
the surface of cement particles, displace some of the ad-
sorbed water molecules from it, thereby increasing the
proportion of free water, and increase the mobility of CP
[12]. In the case of LWDC, the SP molecules initially
“planted” on the surface of cement particles prevent the
formation of adsorption layers of water. As a result, the
mobility of CP increases. Based on this picture, the effect
of the LWDC should depend on the degree of "occupancy"
(saturation) of the cement surface with SP molecules, and
it will decrease with an increase in the specific surface of
the LWDC at a constant percentage of the additive, or in-
crease with an increase in its content. Thus, the effect of
reducing the water demand of cement during its joint
grinding with SP can be directly estimated by the normal
consistency and W/C.

The normal consistency of the obtained LWDC-100
and initial cements was determined using the GOST
30744-2001 (GOST 30744-2001 "Cements. Test methods
using polyfractional sand") (In Russian) method. The
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OrnpeneneHre HOPMAJIBHON TyCTOTHI Tonydaembix [[HB-
100 1 UCXOTHBIX LIEMEHTOB NMPOBOAUIOCE 10 MeToauke 'OCT
30744-2001 ('OCT 30744-2001 «llemeHTHI. MeTOBI HCTIBITA-
HUH C HCIOJIb30BaHUEM MOIM(PaKIMOHHOTO mecka»). Hop-
MaJIbHOM I'yCTOTOH IIEMEHTHOT'O TECTa CUUTAIOT TaKylO0 KOHCH-
CTEHIIHIO, TIPH KOTOPOH NecTHK npudopa Buka, pu morpyske-
HHUH B 3aIIOJIHEHHOE IEMEHTHBIM TE€CTOM KOJIbLIO, HE JJOXOIUT
Ha (6+1) MM 10 TIJTAaCTHHKH, HA KOTOPOH YCTaHOBJIEHO KOJIBIIO.
KonmaectBo Boxs! (B Mace. % ot L) mpu 5TOM cunTaercs HOp-
ManbHOM TycToToi mementa (HI', %).

OneHka moABMXHOCTH 1leMeHTHOTO Tecta (L[T) u Biusiame
Ha Hee yAenbHOI noBepxHocTH U copepkanust CII ocymecTs-
J1ach C TOMOIIBI0 MHUHH-KOHyca (puc. 1), aHaJIOTHYHOTO
MHHHU-KOHYCY JJIs OIIpeAeNIeHHs IIacTH(QUIMPYIOILEH crioco0-
HocTH cynepruactudukaropa C-3. MUHH-KOHYC TpejcTaB-
JsieT co00i yCeueHHBIH KOHYC ¢ BEpXHUM auameTpoM 20 MM U
HIKHUM uameTpoM 40 MM, BEICOTOM — 60 MM 1O crieayromen
Mmeronuke (puc. 2):

1) 100 r Bsxymero 3arBopsitor 35 r Boasl (B/11=0,35) u
TIIATEIHHO MIEPEMEIINBAIOT B T€UECHHE | MHH;

2) MUHH-KOHYC ITOMEMIAIOT Ha CTEKIITHHYIO IIACTHHKY (BCE
paboune MOBEepXHOCTH IOJKHBI OBITh OANHAKOBO YBIAXKHEHBI)
Y 3aI0JIHAIOT MPUTOTOBJICHHOM CMEChIO 3a OJuH mpuem. [Ipu
HCO6XOJII/IMOCTI/I IOTBIKYIOT CTEKJITHHOM TMaJIOYKON | THia-
TEJIbHO CHUMAIOT U3JIMIIKK TECTa C KOHyCa U CO CTEKIIa);

3) Iocne 3amosHEHUsI MUHU-KOHYCA €r0 Cpasy, HO IUIAaBHO
(co ckopocThio 1 ¢CM/MUH) TTIOHUMAIOT BEPTUKAIBHO BBEPX;

4) ITocne mosHOTO pacTeKaHust IEMEHTHOT'O TeCTa 01 Co0-
CTBEHHBIM BECOM M3MEpSIOT AuameTp ero paciuibiBa (P, mm) B
TpeX HampaBJCHUSX M BBYHCISIOT CpeaHeapu(MeTHIecKoe
3HAUCHHE.

PUCYHOK 1

MHHHU-KOHYC

Figure 1

Mini-cone

normal consistency of the cement paste is considered to be
such a consistency that the pestle of the Vicat device, when
immersed in a ring filled with cement paste, does not reach
the plate on which the ring is installed by (6+1) mm. The
amount of water (in mass % of cement) is considered the
normal consistency of cement (NC, %).

The assessment of the mobility of cement paste and the
influence of the specific surface area and SP content on it
was carried out using a mini-cone (Fig. 1), similar to the
mini-cone for determining the plasticizing capacity of the
superplasticizer S-3 [28]. The mini-cone is a truncated
cone with an upper diameter of 20 mm and a lower diam-
eter of 40 mm, a height of 60 mm according to the follow-
ing method (Fig. 2):

1) 100 g of binder are mixed with 35 g of water
(W/C=0.35) and thoroughly mixed for 1 min;

2) the mini-cone is placed on a glass plate (all working
surfaces must be equally moistened) and filled with the
prepared mixture in one go. If necessary, it is tapped with
a glass rod and excess dough is carefully removed from
the cone and the glass);

3) After filling the mini-cone, it is immediately but
smoothly (at a speed of 1 cm/min) lifted vertically up-
wards;

4) After the cement paste has completely spread under
its own weight, the diameter of its spread (S, mm) is meas-
ured in three directions and the arithmetic mean value is
calculated.

PUCYHOK 2

CXEMA U3MEPEHUA TUAMETPA
PACILIBIBA CMECH 11O MWHH-
KOHYCY

Figure 2

@ pacnnbiBa

Scheme of measuring the diameter of

the mixture spread using a mini-cone

CpaBHMBaIU NPOYHOCTb LIEMEHTHOIO KaMHs ABYX IMPO-
MbiieHHbIX 1emeHToB I[EM 142 5H, TIEM 0 52,5H c¢
npourHocteio [JTHB-100, monydeHHBIXx Ha ux ocHoBe. O0-
pas3Ibl U3TOTaBIMBAIKCH U3 IeMeHTHOTro TecTa ¢ B/I] oTHO-
IIEHHEM, PaBHBIM HOPMAJIbHOH I'yCTOTE, B IMIECTUTHE3THBIX
CTaNBHBIX (opMax ¢ pasMepamu 2x2x2 cMm. TBepaeHue 00-
pa3noB MPOBOAWIOCH B KaMepe HOPMaIbHOTO TBEPICHHUS
(KHT) B Teuenue | cyT mpu BraxxHoctd >95% u temmepa-
type 22(x1) °C. Ilocne aToro oOpasisl pachOopMOBHIBAIIH,
HIECTh IITYK U3 KOTOPBIX Cpa3y *e UCTIBITHIBAIN Ha C)KaTHe.
VcnelTanus NpOBOAMINCH HA MalllMHE MCIBITaTeIbHON

The strength of the cement stone of two industrial ce-
ments CEM I 42.5N, CEM 0 52.5N was compared with the
strength of LWDC-100 obtained on their basis. The samples
were made from cement paste with a W/C ratio equal to nor-
mal consistency, in six-cavity steel molds with dimensions
of 2 x 2 x 2 cm. The hardening of the samples was carried
out in a normal hardening chamber (NHC) for 1 day at a hu-
midity of >95% and a temperature of 22 (£ 1) °C. After that,
the samples were unmolded, six pieces of which were imme-
diately tested for compression. The tests were carried out on
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paspeiBHOM P-5 u Ha mpecce MC-500, ¢ MakcUMalbHBIMH
mokaszaTelsiMu Harpy3ku 5 T u 50 T, COOTBETCTBEHHO.
OcranpHble 00pa3ibl BeiaepxkuBaaucs B KHT nepen ucribi-
TaHUEM Ha C)KaTue B TeueHue 3, 7 u 28 cyT 1o mecTh 00pas-
L[OB.

AKTHUBHOCTB IIEMEHTOB OIPEIEIISUIN COTIIACHO METOANKE
TI'OCT 310.4-81 (I'OCT 310.4-81 Llementsl. MeToas! ompe-
JIeTICHNS TIPEeZiena MPOYHOCTH NPH H3ruOe U cxkaTtuu). Mcmbl-
tagus [{HB-100 mpoogmmu cormacao ITHCT 974-2024
(ITHCT 974-2024 «llemeHTHI HU3KOH BOAOMOTPEOHOCTH.
Texanudeckue ycinoBus»). B kadecTBe 3amogHUTENS IpUMe-
Hsuin  MoHOdpakuuonHblit necok mo ['OCT 6139-2020
('OCT 6139-2020 I1ecox nnst ucbpITaHUM 1IeMeHTa. TeXHH-
YEeCKHE YCIOBUS).

BKCHepI/IMeHTLI H 06cymeﬂne pe3yabTaToB

Kak 0bu10 0TMEueHO BbIIIe, 3 HEKT CHIKEHHUS BOJOMO-
TpeOHOCTH IIEMEHTA TIPH €r0 COBMECTHOM ITOMOJIE C CyTIep-
actugukaropom ounennaercs no HI' u B/LI, cHikenne
KOTOPBIX J0 MUHMMAJIBHOTO 3HA4€HHs IO03BOJIUT JOCTHYb
MaKCHMaJIbHOM MPOYHOCTH LIEMEHTHOTO KaMHS M pacTBOpa
Ha ero ocHoBe — akTuBHOCTH nemeHTa o 'OCT 310.4-81.

besycnoBHbBINI MHTEpEC NPENCTaBISIET KOHLIEHTPALUOH-
Has 3aBucuMocTh HI' oT comepixanus «I1IK-R» B ITHB-100
pa3HOH yAeIbHOM TOBEpXHOCTH (Sy;) Ha OCHOBE MOPTIAH/-
nemenTa [IEM 1 42,5 H. Pe3ynbTatsl (puc. 3) pasaeneHsl Ha
nBa rpaduka: cocrasel ¢ cyxum «IIK-R» (puc. 3, a) u ero
BOAHBIMU pacTBopamu (puc. 3, 0). Kak BUIHO U3 KpPUBBIX
puc. 3, HopMaibHasg I'yCTOTa BO3PACTAET C YBEIIMUEHUEM Sy,
W HEJIMHEHHO CHIDKaeTcs ¢ yBesnmueHueM cozaepkanus CII,
TO ecTh «3((EKT HU3KOH BOJIOMOTPEOHOCTH» BO3PACTAET B
untepBaie 0,5-1,5% cyxoro CII u 0,5-1% BoxHoOro pac-
tBOpa «I1K-R». lanee HI" umeer TeHaeHLIMIO K pOCTY.

a]

PUCYHOK 3
35 =

KoHIeHTpanuoHnbie 3aBUCHMOCTH HOPMAJIBHON 3
rycrorbl IIHB-100 pa3Hoii ynejabHOI MOBEPXHO- E 30
CTH OT coAepkaHWs cynepmiacTudukaropa &
«IIK-R»: E 23
a) — cyxoii nopomok «ITK-R»; g
6) — BojubIii pacteop «ITK-R» ‘E‘; 20

§- 15

T

Figure 3 10
Concentration dependences of the normal con-
sistency of LWDC-100 with different specific sur-
face area on the content of superplasticizer "PC-
R":

a) - dry powder "PC-R";

b) - aqueous solution of "PC-R"

HopmansHas rycrora, %

B cocraBax ITHB-100 ¢ cyxum «ITK-R» (ot 0,5% mo
1,5%) HI' cHmxkaercs ¢ yBeNIWYEHHEM €ro KOHIEHTpalluu
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a R-5 tensile testing machine and an MS-500 press, with
maximum load ratings of 5 t and 50 t, respectively. The re-
maining samples were kept in the KNT before compression
testing for 3, 7 and 28 days, six samples each.

The activity of cements was determined according to the
GOST 310.4-81 (GOST 310.4-81 Cements. Methods for de-
termining the ultimate strength in bending and compression)
(In Russian) method. The tests of LWDC-100 were carried
out according to PNST 974-2024 (PNST 974-2024 "Low-
water-demand cements. Technical conditions") (In Russian).
Monofractional sand according to GOST 6139-2020 (GOST
6139-2020 Sand for cement testing. Specifications) (In Rus-
sian) was used as a filler.

Experiments and discussion

As noted above, the effect of reducing the water demand
of cement when milled together with a superplasticizer is es-
timated by NC and W/C, the reduction of which to a mini-
mum value will allow achieving the maximum strength of
the cement stone and mortar based on it - cement activity ac-
cording to GOST 310.4-81.

Of undoubted interest is the concentration dependence of
NC on the content of "PC-R" in LWDC-100 of different spe-
cific surfaces (Ssa) based on Portland cement CEM I 42.5N.
The results (Fig. 3) are divided into two graphs: composi-
tions with dry "PC-R" (Fig. 3, a) and its aqueous solutions
(Fig. 3, b). As can be seen from the curves in Fig. 3, the nor-
mal consistency increases with increasing S, and nonlinearly
decreases with increasing SP content, that is, the "low water
demand effect" increases in the range of 0.5-1.5% dry SP and
0.5-1% aqueous solution of "PC-R". Further, NC has a ten-
dency to grow.

—@— - 1-LHB-100 - 6000 cm/r

“““““ S —@— -2 - LUHB-100 - 7000 cm*/r

: ——A—— -3 - LIHB-100 - 8000 cm?/r

025 05 075 10
Copepxanue CN, %

125 15

=1 - UHB-100 - 6000 cm?/r
-2 - UHB-100 - 7000 cwm?/r
-3 - LIHB-100 - 8000 cm3/r
-4 - UHB-100 - 9000 cm?/r

025 05 075 1,0
Copnepxanne CI, %

125 15

In the LWDC-100 compositions with dry "PC-R" (from
0.5% to 1.5%), NC decreases with increasing its
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(xpussle 1, 2, 3 — puc. 3, a), focTUrasi HAUMEHBIIUX 3HAYE-
Hu#t 15,6-18,0% npu 1,5% «I1K-R» B unTepBane yneabHoi
nosepxnoctu LIHB-100 ot 6000 10 8000 cm*/r.

B o6pazuax [IHB-100, momy4eHHBIX ¢ BOAHBIM PacTBO-
pom «ITK-R» Bo Bcem uuTepBane Sy, ot 6000 g0 9000 cm?/T
BCE YEThIpE KPUBBIE UMEIOT MHHUMYMEI TIpH 1%-0M cozep-
xanun «[IK-R» (puc. 3, 6). [Tpu Sy, 6000-8000 cM?/T 1 KOH-
nertparmu CIT 1% semmanasr HI mensie (13,5-15%), yem
y UHB-100 ¢ cyxum «ITK-R». Hopmanbenas rycrora [IHB-
100 ¢ Bogubm pactBopom CIT mpu Sy,=9000 cm?/r 3aK0HO-
MepHo 6ompme (ipu 0,5% CII paBra 27%), ogaaxo npu 1%
«IK-R» ona camxaercs 1o 20%.

Jlanee Ob110 onieHeHO M3MeHeHue nonBmwkHocTU LT mo
paciuibiBy MUHH-KOHYca. [IpeaBapuTesibHO OBLIIO YCTaHOB-
JIEHO, 4To pacmielB crapaaptHoro LIEM 1 425 H mpu
B/11=0,35 nuskwuii — Bcero 40 MM, T.e. paBeH HU)KHEMY JHa-
METpY yCEUYEHHOI'0 KOHYCa, YTO CBUJIETEIBCTBYET O MOTEpe
noaswkHOCTH LT ¥ HEKOPPEKTHOCTH NPHMEHEHUS! 3TOTO
METO/1a OLICHKU P JTOCTHXKEHUH OIPEICNICHHOTO Ipe/ieNna.
Opnnaxko, py BBeieHHN B Boxy 3atBopeHust CII B xommde-
ctBe 0,5% oT Maccel IIEMEHTA, MTOABMYKHOCTE IIEMEHTHOIO
TecTa pe3ko Bo3pactaeT (pacmisiB 10 220 MM), U METOX
MHHHU-KOHYCa CTaHOBHTCSI IIPUTOAHBIM IS ONpPEICICHUS
noasrkHocty [THB-100.

0606meHnbIe 3aBucuMocTy paciuibiea LT u3 ITHB-100
ot conepxanus CII, KOTOpeIi MPUMEHSUICSA B BUJE CYXOTO
MOPOILKA ¥ BOJAHOTO PAacTBOpa, MPEACTABICHBI KPUBBIMU Ha
puc. 4 (a, 0).

(]

concentration (curves 1, 2, 3 - Fig. 3, a), reaching the lowest
values of 15.6-18.0% at 1.5% "PC-R" in the range of specific
surface of LWDC-100 from 6000 to 8000 cm?/g.

In the LWDC-100 samples obtained with an aqueous so-
Iution of "PC-R" in the entire range of Sy, from 6000 to 9000
cm?/g, all four curves have minima at 1% content of "PC-R"
(Fig. 3, b). At S 6000-8000 cm?/g and a concentration of SP
of 1%, the NC values are less (13.5-15%) than in LWDC-
100 with dry "PC-R". The normal consistency of LWDC-100
with an aqueous solution of SP at S;=9000 cm?/g is naturally
higher (at 0.5% SP is 27%), but at 1% "PC-R" it decreases to
20%.

Then the change in the mobility of the cement paste was
estimated by the spread of the mini-cone. It was previously
established that the spread of the standard CEM 142.5 N at
W/C=0.35 is low - only 40 mm, i.e. equal to the lower diam-
eter of the truncated cone, which indicates a loss of mobility
of the cement paste and the incorrectness of using this eval-
uation method when a certain limit is reached. However,
when SP is introduced into the mixing water in an amount of
0.5% of the cement mass, the mobility of the cement paste
increases sharply (spread up to 220 mm), and the mini-cone
method becomes suitable for determining the mobility of
LWDC-100.

The generalized dependences of the spread of the cement
from LWDC-100 on the content of SP, which was used in
the form of dry powder and aqueous solution, are presented
by the curves in Fig. 4 (a, b).
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Concentration dependences of the spread on
the mini-cone of LWDC-100 of different spe-
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W3 mnomydeHHBIX KpHUBBIX pacIUibiBa CIEIYyeT, 4YTO
HamOompIIee BIMsSHIE Ha oABIKHOCTE LT B 000MX Bapm-
anTax npumeHeHus «IIK-R» okasbiBaeT ynenbHas noBepx-
HOCTH IIeMeHTa npu Mainom copepkanuu CII, pasaom 0,5%
oT Maccel nemenTa. C yBennuenuem nonu cyxoro CII mo
1,25% »Ta pa3HHIIa HUBEJIUPYETCA U PACIUIBIB CTAHOBHUTCS
paBHbIM 230-240 MM mpu Bcex 3HaueHUSX Sy, (puc. 4, a).

...........
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From the obtained spread curves it follows that the great-
est influence on the mobility of the cement in both variants
of using "PC-R" is exerted by the specific surface of the ce-
ment at a low content of SP, equal to 0.5% of the cement
mass. With an increase in the proportion of dry SP to 1.25%,
this difference is leveled out and the spread becomes equal
to 230-240 mm for all values of Sg, (Fig. 4, a). Then, at 1.5%
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Hanee, ipu 1,5% u Gosiee KPUBbBIE «PACXOIATCS C MOCIIEY-
IOIMM HE3HAUUTEIBbHBIM CHI)KEHHEM paciiibiBa 10 190-215
MM. Copepxanue cyxoro mnopomka «IIK-R», paBhoe 1-
1,25% oT Macchl LIeMEeHTa, MOXKHO MPUHATH KaK ONTHMAaJlb-
HOE Ut o0ecrieucHus BhICOKOM moaBmxHOocTH LT B mHTEp-
Baste Sy;=5250-8500 cM?/r.

B ciyuae Boanbsix pactBopoB «IIK-R» mpu nomyuenun
LIHB-100 ¢ Sy, ot 5250 10 9500 cm?/r (puc. 4, 6) Habmo1a-
I0TCSI HauMeHbInne mokasarenu pacmiasiBa LT mpm 0,5%
«IIK-R», HO Hambompmme mocturarorcs mpu 1% «IIK-R»
Uil Bcex 3HaueHHH Sy, OmHaxo mpu 1,25% mnpoucxogut
pe3Koe CHIKCHHE pacIlIbIBOB. B 11enom, py paBHBIX 3Haue-
HUSX yJeNbHON MOBepXHOCTH, pactuisiBel [IHB-100, moiy-
YEeHHBIX ¢ BOAHBIMH pacTBopamu «IIK-R», okazanuce Huxe,
geM ¢ cyxuM «ITK-Ry.

Panee Hamu ObUTO ycTaHOBIIEHO [27], Y4TO TpU TOJyYe-
Huu [{THB-100 ucxonHsiii eMeHT ¢ JoOaBKaMH BOJTHBIX pac-
TBOpOB CII nMeeT mydmryto pazMoa0CcIocoOHOCTb, YEM C CY-
xuM «IIK-R», 9To Tarxke mO3BOJISAET AOCTHraTh HamOOIb-
mero cogepskaHus TOHKOH Qpakiun 10 30 mxMm. [TosTomy,
JUTA OLIEHKU TpogHOCTH IeMeHTHoro kamHs (LK) Opu1 BEHI-
OpaH cocTaB, UMEIOMNN HANMEHBIITNE MTOKA3aTeNH 0 HOP-
MaJIBHOW TYCTOTE€ W HPH 3TOM JIYYIIYIO MOIBH)KHOCTH IO
pacrisIBy MUHH-KOHYca. DToMy cootBeTcTByeT ITHB-100 ¢
1% «IIK-R» B Bune 50%-r0 BOIHOTO pacTBOpa.

B kauectBe kOHTpONBHBIX ObUTH B3siTHI LIEM 1 42,5H u
IHEM 0 52,5H 6e3 CII, koTopble OTMEUYEHBI Ha rpadurax
MPOYHOCTH I[EMEHTHOrO KaMHs Ha cxarue (puc. 5, a, 0) B
BHJIE OT/ENBHBIX TOUeK NpH Sy, =3600-3650 cM/T.

PUCYHOK §

IIpounocts nemenTHoro kamusi HHB-100 ¢ 1% «ITK-R»
(50% BoaHBIii p-p) Ha OCHOBe:

a) — HEM I 42,5H;

0) - HEM 0 52,5H

Figure 5

Strength of cement stone LWDC-100 with 1% "PC-R"
(50% aqueous solution) based on:

a) - CEM I 42.5N;

b) - CEM 0 52.5N

BBumy HH3KOI BOJOMOTPEOHOCTH M BBICOKOM JHICIIEpC-
HocTH, cocTaBbl LIHB-100 yxe Ha 1 cyTku nmeroT 60siee BbI-
COKYIO IIPOYHOCTH IleMeHTHOr0 KamHs (Ha 50-70%), uem 28-
cyTo4Hast y ucxoaubix iemeHToB. [THB-100 na ocHoe [IEM
142,5H umeer makcuManbsHyto npodHocts LK, pasayro 212
MIla npu yaensHoit nosepxnoctu 7300 cm?/r (puc. 5, a), a
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and more, the curves "diverge" with a subsequent insignifi-
cant decrease in the spread to 190-215 mm. The content of
dry powder "PC-R", equal to 1-1.25% of the cement mass,
can be accepted as optimal for ensuring high mobility of the
cement mixture in the range of S;,=5250-8500 cm?/g.

In the case of aqueous solutions of "PC-R" when obtain-
ing LWDC-100 with Sg, from 5250 to 9500 cm*/g (Fig. 4, b),
the lowest values of CT spread are observed at 0.5% "PC-R",
but the highest are achieved at 1% "PC-R" for all values of
Ss.. However, at 1.25%, a sharp decrease in spreads occurs.
In general, with equal values of the specific surface, the
spreads of LWDC-100 obtained with aqueous solutions of
"PC-R" turned out to be lower than with dry "PC-R".

We have previously established [24] that when obtaining
LWDC-100, the original cement with additives of aqueous
solutions of SP has better grindability than with dry "PC-R",
which also makes it possible to achieve the highest content
of the fine fraction up to 30 um. Therefore, to assess the
strength of the cement stone (CS), a composition was se-
lected that had the lowest indicators for normal consistency
and at the same time the best mobility for the mini-cone
spread. This corresponds to LWDC-100 with 1% "PC-R" in
the form of a 50% aqueous solution.

CEM 1 42.5N and CEM 0 52.5N without SP were taken
as controls, which are marked on the graphs of the compres-
sive strength of the cement stone (Fig. 5, a, b) as separate
points at Sg, = 3600-3650 cm?/g.
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Due to low water demand and high dispersion, the
LWDC-100 compositions have a higher cement stone
strength (by 50-70%) already after 1 day than the 28-day
strength of the original cements. LWDC-100 based on
CEM 1 42.5N has a maximum CS strength of 212 MPa with
a specific surface area of 7300 cm?/g (Fig. 5, a), and LWDC-
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ITHB-100 na ocrose LIEM 0 52,5H — 231 MIla npu yzaens-
Holi moBepxHocTH 6600 cM?/T (puc. 5, 6). JlanbHelinee mo-
BBILIIEHHUE yJIEJIHOM TOBEPXHOCTH HE MPUBOJUT K yBEINYe-
HUIO NTPOYHOCTH, BCIIEICTBHE MTOBBIILICHHONW BOJIONIOTPEOHO-
ctu (puc. 3).

Jlanee mpencTaBieHbl pe3yibTaThl ONpEeICHUs] BOJO-
moTpeOHOCTH IIeMeHTHO-TecdaHoro pacteopa (LI1P) u ak-
THBHOCTH HCXOAHBIX memeHToB u I[HB-100 ¢ 1% IIK-R
(50% BomHsbIt p-p) Ha UX ocHOBE. OOPa3IB! OBLTH M3TOTOB-
JIeHBl IpU 0AMHaKoBOM KoHcucTeHumuu LIIP, onpenenenHoit
nmo crangaptHoit meroauke 'OCT 310.4-81, ¢ Tem oTiwm-
guem, 4to, cornacHo [THCT 974-2024, nnsa ITHB-100 pac-
mwibiB kKonyca L{ITP momken coctaBisath (120+£5) mm. beuto
OIIPEJICTICHO, YTO BOAOLIEMEHTHOE OTHOILIEHUE JIJISI TOCTHIKE-
HUSI CTaHJAPTHOW KOHCHCTEHILMHM PAcTBOPA Uil MCXOIHBIX
nementoB [IEM 142,5H u IEM 0 52,5H cocrasisiet 0,44 u
0,45, coorBercTBenHo. Kak BuHO Ha rpadukax puc. 6 (a, 0)
B/Il n HI" cocraBoB LIHB-100 B mmpokoM auamnazoHe Sy,
UMEIOT MEHBIIME TOKa3aTeld BOJOMOTpeOHOCTH (0 2-X
pa3), 4eM HCXOJHbBIC [IEMEHTEI.

PUCYHOK 6

Cpasuenue BogonorpedonocTu LIHB-100 ¢ 1% «ITK-R»
(50% BoaHBIii p-p) HA OCHOBe:

a) — IIEM I 42,5H;

6) — IIEM 0 52,5H

Figure 6

Comparison of water demand of LWDC-100 with 1%
"PC-R" (50% water solution) based on:

a) - CEM I 42.5N;

b) - CEM 0 52.5N

Ha rpaduxkax puc. 7 BugHo, yto ITHB-100 06agatot BbI-
COKOH aKTMBHOCTBIO YK€ B PaHHUE CPOKM TBEPICHHUSA: TaK,
yxe Ha 2 cyT coctaBsl IJHB-100 o akTuBHOCTH NpeBOCXO-
AT  HUCXOJHbIE UEMEHTHl 28-CyTOYHOM MPOYHOCTH.
HawnGonpiasi akTHBHOCTh JJOCTUTAETCS NPU TEX JKe 3Haye-
HusX yaensHoi nosepxHoctu [ITHB-100, xak u ¢ npo4HOCTH
LK. TIpu stom MakcumanbHast aktuBHOcTh [ITHB-100 Ha
LEM 1 42,5H cocraBnser 93 MIla (puc. 7, a), a HTHB-100
Ha [{EM 0 52,5H cocraBuser 112 MIla (puc. 7, 6). [Tokaza-
TN IPOYHOCTH TP U3THOE COOTBETCTBYIOT TEM JK€ MaKCH-
MyMaM OTHOCUTEJIBHO YZAEJIbHOHN MOBEPXHOCTU. B cooTBeT-
ctBuu ¢ TpedoBarusimu [THCT 974-2024, 370 O3BOJISAET X
otHectd kK [ITHB-100 ¢ xmaccom mo npouHoctu 92,5 u BeIIIIe.
BeIcokasi akTUBHOCTB M HU3Kasi BOJONOTPEOHOCTD TOTyUYeH-
Horo coctaBa IIHB-100 c¢ 1% «IIK-R» (B Buge 50%-ro

100 based on CEM 0 52.5N - 231 MPa with a specific surface
area of 6600 cm?/g (Fig. 5, b). A further increase in the spe-
cific surface does not lead to an increase in strength, due to
increased water demand (Fig. 3).

The results of determining the water demand of the ce-
ment-sand mortar (CSM) and the activity of the original ce-
ments and LWDC-100 with 1% PC-R (50% aqueous solu-
tion) based on them are presented below. The samples were
made with the same consistency of the cement-reinforced
concrete determined using the standard method of GOST
310.4-81, with the difference that, according to PNST 974-
2024, the cone spread of the cement-reinforced concrete for
CNV-100 should be (120£5) mm. It was determined that the
water-cement ratio for achieving the standard consistency of
the solution for the original cements CEM 1 42.5N and CEM
0 52.5N is 0.44 and 0.45, respectively. As can be seen from
the graphs in Fig. 6 (a, b), the W/C and NC ratios of the
LWDC-100 compositions in a wide range of Ss, have lower
water demand values (up to 2 times) than the original ce-
ments.
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The graphs in Fig. 7 show that LWDC-100 exhibit high
activity already in the early stages of hardening: thus, already
on the 2nd day, LWDC-100 compositions surpass the origi-
nal cements of 28-day strength in activity. The highest activ-
ity is achieved at the same values of the specific surface of
LWDC-100, as with the strength of the CS. At the same time,
the maximum activity of LWDC-100 on CEM 1 42.5N is 93
MPa (Fig. 7, a), and LWDC-100 on CEM 0 52.5N is 112
MPa (Fig. 7, b). The bending strength indicators correspond
to the same maxima relative to the specific surface. In ac-
cordance with the requirements of PNST 974-2024, this al-
lows them to be classified as LWDC-100 with a strength
class of 92.5 and higher. The high activity and low water de-
mand of the obtained composition LWDC-100 with 1% "PC-
R" (in the form of a 50% aqueous solution) will allow it to
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BOJIHOT'O PacTBOpPa) MO3BOJIUT MPUMEHSATH ero Juist nmoiayde- be used to produce high-strength and ultra-high-strength

HUSL BEICOKOIIPOYHBIX U CBEPXBBICOKONPOUHBIX OETOHOB. concrete.
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3akii0ueHue Conclusions
[To pesynpTaTam BBHIIONHEHHBIX HCCIIEHOBAHHA MOYKHO 3a- Based on the results of the studies, the following con-
KITIOYHTH CIIEAYIOIINE BHIBOJIBL: clusions can be made:
- ®opma cynepruactudukaropa «llomumnact [TK» (tun R) - The form of the superplasticizer "Polyplast PC"

(Toporok niu BOAHBIH pacTBop) mpu nmonyueHun [IIHB-100 oka-  (type R) (powder or aqueous solution) when obtaining
3bIBA€T BIMSHUE Ha HOPMalbHYI0 TycroTy W moisikHocTh LWDC-100 affects the normal consistency and mobility
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LIEMEHTHOTO TEeCTa, OLCHUBAEMYIO 10 PACIIBIBY MUHHU-KOHYCA.
Tak naumenbinas HI' ITHB-100 nocturaercs ¢ 50%-bIM BOIHBIM
pactBopoM cynepruiactudukaropa «llomumiact [TIK» (tun R)
npu ero 1%-oMm coxep:kaHuM OT Macchl ieMeHTa. PacruibiB Le-
MeHTHoro tecra [IHB-100, mosydeHHBIX ¢ BOOHBIMHU PacCTBO-
pamu «IIK-R» mpu Bcex 3HaueHHSX yAENbHOM MOBEPXHOCTH,
Huxe, yeM pacmibiB [IHB-100, nomyyeHHBIX ¢ CyXUM MOPOIIKOM
«ITK-R».

- OnTUMaIbHBIM MO0 HOPMAIBHOW T'YCTOTE W IMOJBHXKHOCTH
BeIOpaH coctaB IITHB-100 ¢ 1% «IIK-R» (B Bume 50%-ro Box-
HOT'O pacTBOpPa), y KOTOPOr0 MakCHMalbHasi IPOYHOCTH [IEMEHT-
Horo kamHA Ha 28 cyrtkum paBHa 212 Mlla (Ha ocHOBe
HEM 142,5H) u 231 MIla (#a ocHoe LIEM 0 52,5H) npu
yaensHo# nosepxHoctd 7300 cm*r m 6600 cM*/r, cooTBeT-
CTBEHHO.

- MakcuManbHO JIOCTHTHYTasi akTHBHOCTH (1pouHocTs L{ITP
Ha MoHo(pakuuoHHOM necke) [ITHB-100 cocranser 93 MIla
(LIHB-100 — 7300 cm?/r na ocnose LIEM 1 42,5H) u 112 MIla
(LIHB-100 — 6600 cm?/r Ha ocrose LIEM 0 52,5H), uT0 cooTBET-
CTBYET KJIacCy MO NPOYHOCTH 92,5 1 BhIIE. DTO IMO3BOIMT MOA-
O6uparh cocTaBbl BEICOKOIMPOYHBIX M CBEPXBBICOKONPOYHBIX Oe-
TOHOB Ha OCHOBE 3THX BSDKYIIHUX.
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of the cement paste, assessed by the mini-cone spread.
Thus, the lowest NC of LWDC-100 is achieved with a
50% aqueous solution of the superplasticizer "Polyplast
PC" (type R) at its 1% content of the cement mass. The
spread of the cement paste LWDC-100, obtained with
aqueous solutions of "PC-R" at all values of the specific
surface, is lower than the spread of LWDC-100, ob-
tained with dry powder "PC-R".

- The optimal composition in terms of normal con-

sistency and mobility was selected to be LWDC-100
with 1% "PC-R" (in the form of a 50% aqueous solu-
tion), which has a maximum strength of cement stone on
the 28th day of 212 MPa (based on CEM I 42.5N) and
231 MPa (based on CEM 0 52.5N) with a specific sur-
face area of 7300 cm?/g and 6600 cm?/g, respectively.
- The maximum achieved activity (strength of CSM on
monofraction sand) of LWDC-100 is 93 MPa (LWDC-
100 - 7300 cm*/g based on CEM 142.5N) and 112 MPa
(LWDC-100 - 6600 cm*g based on CEM 0 52.5N),
which corresponds to strength class 92.5 and higher.
This will make it possible to select compositions of high-
strength and ultra-high-strength concrete based on these
binders.
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