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Y emammi nokasani ocobaueocmi Qizuxo-mexaHiuHux, 30Kpema, 6000N0TUHAHHS,
sracmugocmetl MOOUPIKOBAHO20 OEMOHY HA OCHOBI KOMNOZUYIIIHO20 NOPMAAHOYEeMEHMY.
IIpoananizosanuii 6naue 3MIiHU CMPYKMYPU 600U WIIAXOM 3ACMOCYBAHHA — HAOMANUX
KOHYeHmpayiti no8epxHe6o-aKmMusHUX peyosur Npu BUSOMOBNEHHI OpIOHO3ePHUCIOZ0
b6emony Ha 1020 ¢hizuxko-mexaniuni enacmueocmi. Ilokazano, wo mooughixayis 600u,
NPUSHAYeHOi Ol  ULOMOGNEHHA OpPIOHO3ePHUCIO20 6emOoHy HA KOMRO3UYILIHOMY
yemeHmi, CNpUsE NIOBULEHHIO 1020 PAHHLOI MIYHOCTI MA 3HUNCEHHIO HOPUCTNOCIMI.

Joining the European Green Deal implies a change in the course of construction to
energy-efficient and resource-saving. Therefore, in the manufacture of concrete, as the
most common building material, it is advisable to use such types of cement as Portland-
composite cement. However, it should be borne in mind that such cements have reduced
strength formation kinetics in the early stages of curing. The use of a limestone component,
in particular calcium carbonate, in Portland-composite cement helps to increase their
activity and improve their properties. However, this does not solve the problem in full. At
the same time, it is known that the use of surfactants in ultra-low concentrations to change
the structure of water for the manufacture of fine-grained concrete can significantly
increase strength at an early age. However, no studies of physical properties have been
presented for such nanomodified fine-grained concretes. Therefore, in this study, the
physical and mechanical properties of nanomodified fine-grained concrete made on
Portland-composite cement were investigated. To change the structure of water, a
superplasticizer was used in ultra-low concentrations. To evaluate the porosity of concrete
as an indicator that directly affects the durability of concrete, studies of the water
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absorption of fine-grained concrete on Portland-composite cement were conducted. As a
result, it was found that the degree of volumetric water absorption of fine-grained concrete
depends on the content of calcium carbonate in the composition of Portland-composite
cement. It was determined that the water absorption by volume of fine-grained concrete,
which was modified by the use of ultra-low concentrations of superplasticizer to change
the water structure, depends on the content of the modifier. The analysis of the relationship
between the physical and mechanical properties of modified fine-grained concrete on
Portland-composite cement showed that there is a certain optimal content of the water
structure modifier, at which the greatest increase in early concrete strength is observed
with the lowest water absorption by volume.

Kniouoei cnosa: xomnosuyitinuii nopmianoyemenm, OpiOHO3epHUCMUll OemoH,
MOOugpikayiss 600U,  NOBEPXHEBO-AKMUGHI  PEYOBUHU,  HAOMANl  KOHYeHmpayii,
68000N02TUHAHHS ODeMOHY, MiyHICMb OEmoHy.

Keywords: Portland-composite cement, fine-grained concrete, water modification,
surfactants, ultra-low concentrations, water absorption of concrete, concrete strength.

Beryn. Hapasi B Ykpaini 3HauHa 9acTHHA TEPUTOPiH moTpedye BinOyaoBH
Ta BiTHOBJCHHS, OOCSTH OyAiBeIbHUX TIPOCKTIB IOYHHAIOTH 3POCTATH.
3Baxkaroun Ha Te, mo y 2020 pormi Hama KpaiHa Joiaydmiacs 10 €BpOIeHChKOro
3enenoro Kypcy, mpomec OynmiBHHITBa Mae OyTH €HEProeeKTHBHAM Ta
exonoriuauM [1]. Jlo Toro »x, 3apa3 THM OUTBII TOCTPO IIOCTAE€ MUTAHHS
BHBQ)KEHOTO BUKOPHUCTAHHS €HEPTeTUYHMX Ta MaTepialIbHUX PECyPCIB.

ToMmy BHroTOBIIEHHS OETOHY, SIK HaWOIbLI MOUIMPEHOTro OyIiBEeIbHOTO
MaTepialy, 3 BUKOPHCTAHHSIM KOMIIO3UIIINHUX TMOPTIAHIICMEHTIB € OJHHM 3
e(EeKTUBHMX pillleHb B TEXHOJOTii €Hepro- Ta pecypco3depirarouoro
OyniHuuTBa [2, 3].

OiHaK HEeJJOTIKOM KOMIIO3UIIHHUX TOPTJIAH/IIEMEHTIB € 3HU)KeHA KiHETHKa
TBEpIiHHS Ta HA0OPY MIITHOCTI Y paHHI TepMiHH.

AHAJTI3 aKTyaJbHHX T0CHiIAKeHb. [0 CydacHUX BUCOKOSKICHUX OCTOHIB
BUCYBAIOTBCS BHCOKI BHUMOTH iX (i3MKO-MEXaHIYHMX Ta TEXHOJIOTIYHUX
BrnactuBocteil [4]. OmHa 3 BaJIMBUX BIACTUBOCTEH OETOHY, sKa 3IiHCHIOE
Oesrocepe/iHiil BIUIMB Ha HOTO JOBrOBIYHICTD — I1€ HOTO MOPHCTICTh, SIKa MOXKE
OLIIHIOBATHUCS 32 CTYTICHEM BOJOIIOTJINHAHHS.

Jnst 3a0e3nedeHHsT MPHUPOCTY MIIHOCTI OETOHY Ha KOMIO3WIIIHHOMY
MOPTJIAHALIEMEHTI IPOIIOHYETHCSI BAKOPHCTAaHHS HAHOMOAN(IKaTOPiB Ta JIy>)KHUX
aKTUBATOPIB y MO€AHAHHI 3 cynepmiactudikaropom [5]. IIpote B mocmimkeHHi
HE BKa3aHO, fK BIUIMBAaE JaHA HAHOMOIU(OIKAIA JyKHOAKTHBOBAHOTO
KOMITO3HL[IITHOTO ILEMEHTy Ha BEIUYUHY IOPHCTOCTI Ta BOIOMOTIMHAHHS
OeToHy.

Bimomo, 1o BBeieHHS [0 CKJIagy KOMIIO3MLIHHMX HOPTIAHILEMEHTIB
BaIHSAKOBOI'O KOMIIOHEHTY CIPUSE 301IbLICHHIO X aKTUBHOCTI Ta MOKPAICHHIO
BJIACTUBOCTEH [6].

297



CyyacHi mexHonoeii ma memodu pospaxyHkie y 6ydigHuumei. [lyuk, JIHTY. 2024, Bunyck 21
Modern technologies and methods of calculations in construction. Lutsk, LNTU. 2024, Volume 21

Y poborti [7] omucaHuil BIUINB BUKOPUCTAHHS JOOABKH BUCOKOAUCIIEPCHOT
Kpelau Ta cynepruiatudikaTopa Ha (i3MKO-MEXaHIYHI BJIACTHUBOCTI OCTOHY.
HacrnigkoM 3acTocyBaHHs BKa3aHUX MOIM(IKATOPIB CTAJIO ITi IBUIIICHHS MIITHOCTI
OeToHy, B TOMYy 4YHCIl 1 B paHHbOMY Billl Ta MiJBHIIEHHS MapKH 3a
BOJIOHETIPOHHUKHICTIO. AJIe B TOCIIDKEHHSX 3aCTOCOBAHO CyNepIutacTH(ikaTop y
3HAYHIH KiJBKOCTI, [0 IPU3BOAUTH 10 3MEHILICHHS JTIOBrOBIYHOCTI OETOHY.

3HauHM iHTEpeC MPENCTaBIAIOTh JOCITIPKEHHS y HalpsMi 3aCTOCYBaHHS
MOBepXHEBO-aKTUBHUX pedoBUH ([IAP) y HamManmmux KOHIEHTpAIisaX A 3MiHA
cTpykTypu Bonu [8, 9]. B pesymbrarti Taki Moan¢ikoBaHi OETOHM BONOMIIOTH
CKOPOUYCHIMH TEpMiHAMHU (POPMYBaHHS CTPYKTYPH Ta MIIHOCTi. AJie B SIKOCTI
B’SDKY401 pEYOBHHH [UISl BUTOTOBIICHHS OETOHY ITPH ITPOBEJICHHI OCIIIKEHb OYB
3aCTOCOBaHMI MOPTJIAHIIEMEHT. A OT)Xe, BH3HA4YCHHS (i3UKO-MEXaHIYHUX
BIIACTUBOCTEH  ApIOHO3EpPHUCTHX  HAaHOMOAW(]iKOBaHWX  OCTOHIB  Ha
KOMITO3HLI THOMY TIOPTJIAaHIIEMEHT i3 3aCTOCYBaHHSAM HaJMaJIMX KOHIIEHTpawii
ITAP € akTyanbpHOIO 33/1a4€0.

IMocTanoBka MeTH i 3amau gociaimkeHHs. MeToro naHoi poboTH €
BU3HAYCHHS BIUIMBY Ha (i3MKO-MeXaHIuHI BIACTHBOCTI APIOHO3EPHUCTOrO
0eTOHy Ha KOMIIO3ULIHHOMY MOPTJIaHIEMEeHTI HaHOMOAHMGIKail HIIIXOM
3aCTOCYBAaHHS TOBEPXHEBO-aKTHBHUX PEUYOBHH Y HAJIMAINX KOHICHTPALiSX.

Jis TOCSATHEHHS ITIOCTaBJICHOI METH IMOTPiOHE BUPIMICHHS HACTYIHHX
3aja4:

- BU3HAYUTH BIUIMB 3MIHM CTPYKTypH BOJIM ULUIIXOM 3aCTOCYBaHHS
HaaManux KoHIeHTpamniid [IAP nmpu BUTOTOBIICHHI piOHO3EPHHUCTOTO OETOHY Ha
KOMITO3HLIITHOMY MOPTIAHALIEMEHTI Ha HOTO IIOPHUCTICTD;

- BCTQHOBUTH  B33a€MO3B’SI30K  (I3MKO-MEXaHIYHMX  BJIACTHBOCTEH
HAaHOMOJIU(IKOBAHOTO  APIOHO3EpPHUCTOrO  OETOHY, BUIOTOBJIEHOIO  Ha
KOMITO3HLIITHOMY MOPTIaHALEMEHTI.

Metoauka gociigkeHb. B sikocTi B’sDKy40l pedyoBUHH OyJiM 3aCTOCOBaHI
nopTiananemMenT Mapku 400 Ta KoMIo3uIiiHUN mopTaanaemMenT Mapku 400 3
pI3HUM BMICTOM BAIHAKOBOTO KOMIIOHEHTa. Sk JpiOHMH 3amoBHIOBAY
BHUKOPHCTOBYBABCS PIUKOBHH THINPOBCHKUH Micok. [yt Monudikanii cTrpykTypu
BOJIM JJIsl BUTOTOBJIEHHsI OeTOHy OyB 3acTocoBaHuii rineprutactudikarop Sika
Plast-520. BomoueMeHnTHe BigHoueHHs cranoBuiio 0,5.

[opucricts OeToHY OIiHIOBANIM Yepe3 BH3HAYEHHsS BOJOIOITIMHAHHS 3a
00’emMoM. BuzHaueHHs 00’ €eMHOTO BOIOTIOTIIMHHAS 1TpoBoawy 3rigHo 3 JICTY b
B.2.7-170:2008. Minuicte JpiOHO3epHUCTOTO OETOHY BH3HA4YalM IIpU
BHIIPOOYBaHHI 3pa3kiB i3 po3mipoM cropiH 40x40x160 MM 3a cTaHZapTHOIO
METOIUKOIO.

PesyabTaTn pocaimxkenb. Ha mepmiomy erami OyB BH3HAYSHHWI BIUIMB
BMICTY BaITHAKOBOTO KOMIIOHEHTa — KapOoHATy KaJNblil0 y CKJIadi
KOMITO3UIIIHHOTO TOPTIAHAIIEMEHTY Ha 00’€éMHE BOJOIOTIMHAHHSI. 3pa3Ku
OetoHy OynM BUTOTOBJICHI Ha NOPTIAHALIEMEHTI Ta KOMIIO3HLIHHOMY
MOPTJIaHALEMEHTI 3 BMICTOM KapOonaty kambmiro 10%, 20% Tta 30%. B
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pe3ynbTati Oyno BUSBICHO, IO MPH BMICTI KapOoHaTy Kambmito 10% Ta 20%
BOJIOTIOTJIMHAHHSA 32 00’€MOM 301JbLIYETHCS Y TOPIBHSIHHI i3 KOHTPOJHHUM
3pa3KkoM. 30UTbIIECHHS] BMICTY BaITHSIKOBOT'O KOMIIOHEHTa IIPU3BOUTH 10 PI3KOTO
3HIDKEHHS BOJIONIOTIMHAHHSA (puc. 1).

3
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BuicT kapGoHATY KaIbLiw0, %

O0'eMHE BOIOIMOTIHHAHHA, %

Pucynoxk 1 — BrumuB BMicTy kapOOHATy KalbIilo Y CKIIai KOMIIO3HULIHHOTO
MOPTJIAHAIIEMEHTY Ha 00’ €MHE BOIOMOTIMHAHHS PiOHO3EPHUCTOrO OETOHY

HacrtynHa rpyna ekcriepuMeHTiB Oyna BUKOHaHA 3 METOK BCTAHOBIICHHS
BIUIMBY 3MiHM CTPYKTYPH BOJH IIUIIXOM 3aCTOCYBAaHHS Ha/IMaJIX KOHIIEHTpaIlii
I[TAP mnpu BHroTOBIICHHI JPIOHO3EPHHUCTOrO OETOHY Ha KOMIIO3HLIHHOMY
MOPTJIAHALIEMEHTI Ha WOro o0’€MHE BOJAONOIIMHAHHS. BHKOpHCTOBYBaBCS
LIEMEHT 13 MAacoBOIO YACTKOIO KapOoHary kKanblito 20%. AHani3 pe3ysbTaTiB
JIOCIIIPKEHb BUSIBUB, 1[0 OO0’€MHE BOJIOTIOTJIMHAHHSI HaHOMOAM(IKOBAHOTO
0EeTOHY 3MIHIOETHCS 3AJIEXKHO BiJl KiTbKOCTI BUKOPUCTAHOTO MOAU(DiKaTOpa BOIU
(puc. 2).

Sk BHUOHO 3 pe3yNbTaTiB JOCHifAiB, ontuMmanbHuii BMicT [IAP, sx
moaudikatopa Bogu — 0,0004%. 3a 1i€i KiTBKOCTI TMOBEPXHEBO-aKTHBHOI
PEYOBMHM B CHCTEMi BiIOYBaeTbCS 3HMKEHHS 00 €MHOTO BOJOIOTIIMHAHHS
npibHo3epHuCTOTO OeTony Ha 11,4%.
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Sk 6aummo, 3a TaHUX yMOB, IPH BMICTi MMOBEPXHEBO-aKTUBHOI PEUOBHHU
0,0004%, crioctepiraeTbcs HAWOUIBIINKA TPUPICT MIMHOCTI y PaHHBOMY Billi Ta
OIHOYAaCHO —  HaWOLIblIe  3HWKEHHS  O0’€MHOrO  BOJOIOTJIMHAHHS
npiOHO3epHUCTOrO OeToHy. TOXX MOXHa 3pOOMTH BHCHOBOK, IO 3a IIi€i
ONTHMAJIEHOI KOHIIEHTpauii MoaudikaTopa Boau BinOyBaeTbesi a00 3HMKEHHS
3arajbpHOi HOPUCTOCTI OETOHY, 00 3MEHIIEHHS KIJIBKOCTI BIIKPUTHX TIOD.

BucnoBku. OtpumaHi pe3yiabTaTH IPOBENEHHX JOCITIKEHb JAl0Th
TiCTaBy 3pOOUTH TaKi BHCHOBKH:

1) 3MiHa CTPYKTYpH BOJIHM IUISIXOM 3aCTOCYBaHHS HAJMAIMX KOHIICHTPAIIiit
MIOBEPXHEBO-aKTUBHOI PEYOBHHH MPH BUTOTOBIICHHI IpiOHO3EpHUCTOrO OETOHY
Ha KOMITO3ULIHHOMY MOPTJIAHLEMEHTI 31HCHIOE BIUTUB HA HOTO MOPUCTICTB, 0
BHPAXKAETHCS Y 3MiHI 00’€MHOTO BOAONOTTHHAHHS;

2) npu onTHManbHOMY BMicTi MogudikaTopa Boxu — 0,0004%, pu sikomy
00’eMHe BOAOIOIIMHAHHS HaWHIKYE, OJJHOUACHO CIIOCTEPIraeThcsi HAHOLIBIINI
MIPUPICT PaHHBOT MIITHOCTI OETOHY.

3BaXkalouM Ha BUKJIaJieHe, BOAUAEThCsI AOIUIBHAM [IPOBEICHHS MOJATBIINX
JIOCITI/KEHB B IbOMY HaIPSMKY.
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