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1. Iuceprarifina po6oTa MpucBsYeHa BUPIMEHHIO 3aBIaHHS Ofjep>KaHHS OETOHIB 3 MiIBUIIEHUMMU
eKCIUlyaTalilHUMU BJIACTUBOCTSIMU Ha OCHOBI 3aII0OBHIOBAUiB PELMKJIIHIY OETOHY 32 PaxyHOK OITHMMizallii
IPaHyJIOMETPUYHOTO CKJIaly CyMillli 3alI0OBHIOBAUiB Pi3HMX TUIIB 17151 GOPMYyBaHHS 1IiJIbHOI MAaKpO- Ta
ME30CTPYKTYpH IITYYHOTO KAMEHIO Ta BBEIeHHS ITyL[0JIaHOBUX J106ABOK Y TIOEAHAHH] 3 110J1iKapbOKCUIaTHUMU
cynepriactTudikatropaMu 151 30i7bIIE€HHS MilIHOCTI KOHTaKTHOI 30HM Ha MeXKi «3all0BHIOBAY PELIUKIIIHI'Y 6ETOHY —
LIEMEHTHE TiCTO», 1110 3abe31e4dye MifBUILIEHHS MilJHOCTi, BOJIOHEIIPOHMKHOCTI Ta JOBrOBiYHOCTI. [IpoBeIeHO OLIiHKY
SIKOCTIi 3aIIOBHIOBAYiB PELMKIIIHTY 6€TOHY 3a (Pi3YHUMU Ta MEXaHIYHMMU ITI0Ka3HUKaMu. Po3pobieHo
IIBUJIKOTBEpIHYYI MogudikoBaHi 1pi6HO3epHUCTI 6€TOHM HA OCHOBI IOPTJ/IAHLIEMEHTY 3 BAIIHIKOM Ta APiGHOrO
3aII0BHIOBAYa ONTMMI30BaHOIO 3€pHOBOrO cKjafdy. EKkciepuMeHTanbHO NifTBepIKEHO, 10 MOIU(iKyBaHHS
CTPYKTypHU O€TOHY Ha MiKPOPiBHi aKTMBHOIO NyLJ0JIAHOBOIO 106aBKOIO (ATI]l) «30s1a - BUHECEHHS —
MiKpoKpeMHe3eM» y noenHaHHi 3 PCE 3a6e3nedye 36iiblieHHS MilHOCTI yepe3 2 nobu no 82,7 MIla, a yepes 28 ni6
- 1o 125,7 MITa. Po3kputo 3akoHOMipHOCTI GopMyBaHHS (Pa30BOro CKIALy Ta MIKpDOCTPYKYpPU LIEMEHTHOTO KaMEeHIO



Ha OCHOBI IOPTJIaHJLEMEHTY 3 BallHIKOM, MmoaudikoaHnoro PCE-ATI]]. MeTonom peHTreH0()a30BOro aHamli3y
BCTaHOBJIEHO, 1110 KoMmIlieKcHe noenHanHs PCE ta BucokopucnepcHoi AllJl «301a-BUHECEHHSI~MIKpOKpEMHE3eM»
3abesneuye BXe yepes 1 100y rigpaTaliii IpucKopeHe 3B SI3yBaHHS KaJbllilo IiJpOKCUIY, KiJIbKIiCTb SIKOTO
3MEHIIYETHCS B 1,6 pa3y MOPIBHSIHO 3 LEMEHTHUM KaMeHeM 0e3 106aBOK. Y LIEMEHTYIOUill MaTpULIi 3a paxyHOK
SBUIIA aCOPOLINHOro MoANQiKyBaHHS I1€PEBAKHO YTBOPIOIOTHCS IPiGHOAMCIIEPCHI KpUCTAM rifpaTHUX (a3, 1o
CBIZJYMTb IIPO CTBOPEHHSI OGHOPINHOI, LIiNbHOI APiOHOgMCIIEPCHOI MIKPOCTPYKTYPH, IKa CIPUsi€ MiIBULIEHHIO
MillHOCTi 6eToHiB. HanpasyieHe perysitoBaHHS [IPOLECiB PAHHbOI'O CTPYKTYPOYTBOPEHHSI MOJIU(IKOBAaHUX
Ipi6GHO3epHUCTUX OETOHIB BU3HAYAE iX MOKpalleHi 6yiBeIbHO-TeXHIYHi BJIACTUBOCTI. Y 4eTBEPTOMY PO3ii
3aIIPOEKTOBAHO CKJIai eKO-e(PEeKTUBHUX OE€TOHIB 3 ypaxyBaHHSM BIUIMBY aKTUBHOCTI LIeMEHTY, [ToKa3HuKa B /1] ta
SIKOCTI 3aII0BHIOBAUiB Ha MillHiCTh O€TOHIB BifiII0OBiAHO 10 Ppopmysu bosomes. Ha ocHOBI pe3ysbTaTiB MilJHOCTI
KOHTPOJIBHUX CKJIaZiB OETOHIB (J1s1 3BU4aiHOro 6eToHy npu B /1] 6inbuie 0,4) BCTaHOBJIEHO, 10 KOePillieHT SIKOCTi
rpaHiTHOro mebeHo cknanae A=0,60 (psnoBuil), a AJj1s 3aII0BHIOBAYiB PELUKIIIHTY OETOHY 3HMXKYEThCS 00 A=0,55
(3anoBHIOBaui IOHWKEHOI sIKOCTI). [I[poBesieHO oNTUMI3allil0 rPaHyIOMETPUYHOIO CKJIANy CYMillli 3a[I0BHIOBAYiB
eKo-epeKTUBHUX O6eTOoHiB. Ha OCHOBI ofjep>kaHuX pPe3yJbTaTiB 3alIpOEKTOBAHO ONTHMAJIbHI CKJIafy OETOHIB Ha
OCHOBI nopTanaLemMenTy 3 BarHiIkoM (11=350 kr/m3) i3 3acTOCyBaHHSIM €KCIIEPUMEHTAIbHO-CTaTUCTUYHOTO
MOJeJII0BaHHS. BcTaHOBIEHO, o Npy 3aMiHi B ckiazi 6eToHHOI cyMii 50% rpaHiTHOTO 1e6eHIo Ha 3all0BHIOBaYi
PELUKIIHTY 6€TOHY Ta BBefleHHi 1,5 mac.% osikapboKCUIaTHOro cynepiyiacTudikaTopa JocsraeTbCsl MillHICTb
6etony yepes 28 1i6 59,3 MIla, mwo Bignosigae knacy minHocti Ha cTuck C35/45. [TokasaHo, o Npu BBeeHHi 3,0
Mmac. % PCE 3a paxyHOK BogopenyKyodoro epekry AB/11=45% nocsiraetbest Kaac MilgHOCTiI Ha ctuck C50 /60, mo
I03BOJISIE TaKi 6€TOHM BiIHECTU J10 BUCOKOMIIIHUX Ta KJIiHKep-e(eKTUBHUX. JJOCTIiI>KEeHHSIMU CTPYKTYpY O€TOHY Ha
OCHOBI NoTipakLifHAX 3aII0BHIOBAUiB HA MaKpPO-, M€30- Ta MiKpPOPiBHSIX BCTAHOBJIEHO, 1110 HANCJIa0LIO0
YaCTHHOIO B CTPYKTYpi 6€TOHY € KOHTAKTHA 30HA «3aMlOBHIOBAY - IIPOJYKTH rigpaTanii ieMeHTy». BcTaHOBJI€HO, 1110
mopudixysaHHs PCE Ta ny11051aHOBOIO J0OABKOIO «30J1a- BUHECEHHS -~ MiIKpOKpeMHe3eM» KJliHKep-e(PeKTUBHUX
OETOHIB Ha OCHOBI 3allI0BHIOBaYiB PELUKIIIHTY 6€TOHY ONTHMi30BaHOT'O CKJIaly Ha Me30- Ta MiKpPOpIBHSIX 3abe3neuye
yepes 1; 2 Ta 28 1i6 o 36inmbieHHs MiltHOCTI 1o 24,7; 39,6 Ta 78,7 MI1a, o BifnoBigae BUMOTaMm 110710
BUCOKOMILIHUX (KJ1ac MifHOCTi C50/60) i mBUIKOTBEPAHYYUX OETOHIB. PO3p06eHi mBUIKOTBEPIHYYI €KO-
eeKTUBHI 6ETOHU Ha OCHOBI 3aII0BHIOBAYiB PELIMKJIIIHTY O€TOHY XapaKTepU3yIOThCs MiJBUILIEHUMU Oy [iBE€JIbHO-
TeXHIYHUMHU BIACTUBOCTSIMU: MOAYJIb IIPy>KHOCTI Ecm=46,5 I'Tla, B'a3KicTb pyiiHyBaHHs Ki=0,95 MITaom1/2,
BOJOHENPOHUKHICTb W12, Mmopo3ocTilikicTs F300. HaBeneHo pe3yabTaTi AOCIIAHO-TIPOMUCIIOBOI anrpobaliii eko-
ePeKTUBHUX OETOHIB 3 MiBUIIEHNMHU €KCIUIyaTaliiHUMU BJIACTUBOCTIMU. PO3p0o6ieHi IBUAKOTBEPAHYYi TOBAPHI
0eTOHU Ha OCHOBI 3aII0BHIOBAUiB peluKJIiHTy 6eToHY, BUrotossieni T30OB «beToHikc», BpoBaaxeHi BK «BikiHr» npu
BJIAIITYBAHHI MOHOJIITHOTO 3aJ1i300€TOHHOIO IEPEKPUTTSI TPETHOT'O [IOBEPXY KUTJIOBOr0 6araTOKBapTUPHOIO
O6ynuHKy (M. JIbBiB). [IpencraBiieHa TeXHIKO-€eKOHOMIYHA e(PEeKTUBHICTh LIBUAKOTBEPAHYINX eKOe(EKTUBHUX
0eTOHIB. Pe3ysibTaTu eKCllepUMeHTaJIbHUX AOCIIiIPKEeHb i IPOMUICIIOBOTO BIIPOBAPKEHHSI BUKOPUCTaHI IIpU

MiAroTOBLi CTYIEHTIB CrieliaJbHOCTI 192 ByiBHULITBO Ta LMBiIbHA iH)KEHEPISL.

2. The dissertation is devoted to solving the problem of obtaining concretes with increased operational properties
based on recycled concrete aggregates by optimizing the granulometric composition of a mixture of aggregates of
different types to form a dense macro- and mesostructure of artificial stone and introducing pozzolanic additives
in combination with polycarboxylate superplasticizers to increase the strength of the contact zone at the interface
of "recycled concrete aggregate - cement paste”, which provides increased strength, water resistance and
durability. The quality of recycled concrete aggregates was assessed by physical and mechanical indicators. Rapid-
hardening modified fine-grained concretes based on Portland cement with limestone and fine aggregate of
optimized grain composition were developed. It has been experimentally confirmed that modification of the
concrete structure at the micro level with an active pozzolanic additive (APA) “fly ash - microsilica” in combination
with RSE provides an increase in strength after 2 days to 82.7 MPa, and after 28 days - to 125.7 MPa. The
regularities of the formation of the phase composition and microstructure of cement stone based on Portland
cement with limestone, modified by PCE-APA, have been revealed. The method of X-ray phase analysis has
established that the complex combination of PCE and highly dispersed APA “fly ash - microsilica” provides



accelerated binding of calcium hydroxide after 1 day of hydration, the amount of which decreases by 1.6 times
compared to cement stone without additives. It was established that in the cementing matrix, due to the
phenomenon of adsorption modification, fine-dispersed crystals of hydrated phases are mainly formed, which
indicates the creation of a homogeneous, dense fine-dispersed microstructure, which contributes to increasing
the strength of concretes. The directed regulation of the processes of early structure formation of modified fine-
grained concretes determines their improved construction and technical properties. In the fourth section, eco-
efficient concrete compositions are designed taking into account the influence of cement activity, W /C ratio and
aggregate quality on the strength of concretes in accordance with the Bolomey formula. Based on the results of
the strength of control concrete compositions (for ordinary concrete with W /C more than 0.4), it was established
that the quality coefficient of granite crushed stone is A=0.60 (ordinary), and for aggregates of recycled concrete it
decreases to A=0.55 (aggregates of reduced quality). The granulometric composition of aggregates of eco-efficient
concrete was optimized. Based on the results obtained, optimal compositions of concrete based on Portland
cement with limestone (C=350 kg/m3) were designed using experimental and statistical modeling. It was
established that when replacing 50% of granite aggregate in the composition of the concrete mixture with
recycled concrete aggregate and introducing 1.5 wt.% of polycarboxylate superplasticizer, the strength of concrete
after 28 days is 59.3 MPa, which corresponds to the compressive strength class C35/45. It is shown that when
introducing 3.0 wt. % RSE due to the water-reducing effect AB/11=45%, the compressive strength class C50/60 is
achieved, which allows such concretes to be classified as high-strength and clinker-efficient. Studies of the
structure of concrete based on polyfractional aggregates at the macro-, meso- and micro-levels have established
that the weakest part in the concrete structure is the contact zone "aggregate - cement hydration products". It has
been established that modification of PCE and pozzolanic additive "fly ash - microsilica" of clinker-efficient
concretes based on recycled aggregates of optimized composition at the meso- and micro-levels provides after 1; 2
and 28 days to increase the strength to 24.7; 39.6 and 78.7 MPa, which meets the requirements for high-strength
(strength class C50/60) and rapid-hardening 0.50 concretes. The developed fast-hardening eco-efficient
concretes based on recycled concrete aggregates are characterized by increased construction and technical
properties: elastic modulus Ecm=46.5 GPa, fracture toughness Ki=0.95 MPa-m1/2 , water resistance W12, frost
resistance F300. The results of experimental and industrial testing of eco-efficient concretes with increased
operational properties are presented. Rapid-hardening ready-mix concretes based on recycled concrete
aggregates have been developed, manufactured by Betonix LLC, and implemented by Viking Construction
Company in the construction of a monolithic reinforced concrete floor on the third floor of a residential apartment
building (Lviv). The technical and economic efficiency of rapid-hardening eco-efficient concretes has been
presented. The results of experimental research and industrial implementation have been used in the training of
students of specialty 192 Construction and Civil Engineering.
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JonaTkoBa iHpopmanis:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujonanbHuil yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kog, 3a €IPITIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa banpepu, 6yx. 12, JIbBis, 79013, YkpaiHa
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepCcTBO OCBITH i HAayKu YKpaiHu

InmenTudikarop ROR:

VIII. 3aKkJIr04Hi BiZoMOCTi

Biacue IpizBume Im's I1o-6aThKOBI Co6osnp Xpucruna CrenaHiBHa
rOJIOBM pajau

Biacue IlpisBuie Im's ITo-6aThKOBI Cobonb Xpuctuna CremnaHiBHa
roJIOBYIOYOroO Ha 3acigaHHi

BiamoBiganbHHUE 32 MiZITOTOBKY Mapymaxk VisHa JIIMuTpiBHa

00JIIKOBHX JJOKYMEHTIB

Peectparop VYkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




