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Pedepar:

1. PoboTa npucBsueHa BUPIIIEHHIO aKTyaJbHOIO HAYKOBO-TEXHIYHOTO 3aBAAHHS O/I0 IOKPAlleHHS Pi3nKo-
MEeXaHIYHUX Ta eKCIUIyaTaliiiH1X BIaCTUBOCTEN yKouyBaHOro 1eMmeHTo6eToHy (Roller Compacted Concrete — RCC)
L7151 JOPO>KHbOrO OyiBHULITBA. OCHOBHA ifiesl OCiIpKEeHHS II0JISITae Y CUCTEMHIN onTuMisallii 3epHOBOro cKiany
3aII0BHIOBAUIB Ta 3aCTOCYBAaHHI MOAU(IKOBAHUX LIEMEHTHUX OPraHO-MiHEpaIbHUX KOMIIO3ULIIH SIK CKJIaJI0BO]
CHUCTEMU JIOPOKHIX rigpapiivHux BspKy4yux (JI'B). V xozi TeopeTyHOro aHasisy BCTaHOBJIEHO, 1[0 OCHOBHUMU
daxTopamy, sIKi CTpUMYIOTh BiipoBaakeHHs RCC, € oro BUCOKa YyTJIMBICTh 10 TPaHyJIOMETPii, BOJIOrocTi Ta
PEKMMIB YIiTbHEHHS. BUCYHYTO Ta NiATBEPAKEHO TiNoTe3y PO MOKJIMBICTh KEPYBAHHS CTPYKTYPOIO OETOHY Yepes
BMKOPHMCTAHHS aKTUBHUX MiHEpaJIbHUX J00aBOK IPUPOJHOTO Ta TEXHOT€HHOTO MOXOIKEeHHS. 1711
€KCIIepUMEHTAJIbHUX JOCHiIPKeHb BUKOPUCTAHO nopTaangueMeHT CEM I42,5R, rpaniTHUI me6iHb PisHUX Qpakiiil

Ta IMPOKUH CIIeKTp MOAUQIKATOPIiB: IPUPOLHUM i CUHTETUYHMI 1I€0JIiTH, 30JI0111aK0BI Binxonu (31B) TEC,



BUIajieHy 30J1y coHsmHuka (B3C) ta BunaneHuii mam nanepoobpo6ku. JlocnigxeHHs Bnactusocreit II'B i3
HU3bKUM BOJIOLIEeMEHTHUM BigHoumeHHsM (B /11=0,2) no3Bonuiu BUsSBUTHU crielndiky IpoLecis rizpararii B ymoBax
nedinuTy Bosioryu. BctaHoBiI€HO, 1110 BUKOPUCTaHHS IPUPOIHOTO 11eoJ1iTy COKUPHUIIBKOTO POAOBUILIA 3abe3Ieuye
cTabisibHe (POPMYBAHHS CTPYKTYPH 3aBISIKU MOTO 3aTHOCTI aKyMYJIIOBAaTH «PYXOMUI pe3epB» BOAU Y HACKPiI3HO-
KaHaJIbHIN MOPUCTOCTI Ta MOCTYIIOBO BUBUIbHATH Ii, KOMIIEHCYIOYM IIPOLIECU aBTOeCcUKallii. MeTonamu
peHTreH0(da30BOro aHasli3y Ta eJIeKTPOHHOI MIKpPOCKOIIil I0BeIeHO, 1110 BBEJIEHHS 100aBOK aKTHBi3ye MyLi0JIaHiuHi
peaxuii, y Xofi SIKMX TiIpOKCUJ, KaJblilo 3B'13y€TbCsl Yy HU3bKOOCHOBHI Tiipocuiikary Kasnslito Tuny C-S-H. e
IIPU3BOJUTH 10 KOJIbMATyBaHHS [IOP, YTBOPEHHS 4OJATKOBOI KiJIbKOCTi €TPUHTITY Ta (POPMYyBaHHS 1iIbHOI
MiKpOCTPYKTYpH LIEMEHTHOTO KaMeHI0. BaskinBrUM eTarioMm poboTu CcTajla ONTUMI3allisl 3epHOBOTO CKIIaLy
3aI0BHIOBaUiB, 00’eM s1kux y RCC csarae 80%. Bniepiue 115 imiTalii peajbHUX YMOB YIIiJIbHEHHS 32CTOCOBAHO METO]]
ripaTOpHOro KOMMNAKTyBaHH (Ha obsagHanHi GALILEO Research). [lIns1xoM MaTeMaTUYHOTO MOZIEJIIOBAHHS Ta
N00Y10BY NIOBEPXOHb BiITyKy BU3HAYEHO PalliOHaTIbHUIN CKJIa[ CyMili (BMICT micKy 714 kr/m?3, mebeH:o ¢ppakuii 10-
20 MM — 690 kr/Mm?), KU 3a6e3Ieyye MPOEKTHY MilJHICTb Tpy MOMIpPHi eHeprii yulisibHeHHs. BcTaHOBIIEHO, 1110
KOMILJIEKCHA 3aMiHa 10% nemeHnTy KombiHanisimu «B3C + npuponHuil eosit» ado «31B + npuponHuil LeoIiT»
nifBUILye MIIIHICTh Ha CTUCK Ha 6,2-7,5%, a Ha po3TAr IpU 3rvHi — Ha 7,6-12,0%. ExcrinyartauifiHa HagiiHICTb
PO3po6JieHNX GETOHIB MiATBEPA’KeHa BUCOKMMY ITOKa3HUKAaMU JOBrOBIYHOCTI. 3a pe3ysibTaTaMu BUIIPOOYBaHb
0eTOoHH BiAIOBINAOTh Maplli 3a Mopo3ocTilikicTio F200 Ta HalBUIOMY 4-My KJIaCy CTiKOCTi 10 CTUPaHHSI.
[ToyaTKoBE BOJONIOTIMHAHHS, II0OB'I3aHe 3 IOPUCTICTIO LIEOJIITY, HiBEJIIOEThCS Y Yaci 3aBASKMA CerMeHTallii mop
[IPOyKTaMHU Timparauii, mo rapaHTye cTabiabHICTh MOKPUTTS. BupobHnya anpobariiss po3pobsieHnx CKIakiB
niaTBepAunIIa iXHI0 TEXHOJIOTIYHICTh. 3aCTOCYBaHHS CTaHAAPTHOrO acdaibTOYKIIaNaJIbHOTO 00J1aHaHHS 03BOJISIE
3a0€31eYUTH BUCOKi TeMIIM OYyAiBHULITBA Ta MOXKJIUBICTDb BiIKPUTTSI Pyxy TPAHCIIOPTY BXe yepe3 1-2 nobu.
EKOHOMIYHE OOI'DYHTYBaHHS CBildUTh MTPO MOXKJIMBICTb €KOHOMIi Bif 270 1o 293 tuc. rpH Ha KoXHi 1000 m?
nokpuTTsl. OKpiMm ¢diHaHCOBOI ePeKTUBHOCTI, BAKOPUCTAHHS BiZIXO/1iB IIPOMUCIIOBOCTI (3071 Ta IIJIaKiB) BUpilIye
BaXJIMBI €KOJIOTIYHI NMTaHHS, 3MEHIIYIOUY aHTPOIIOT€HHE HaBaHTa)KEHHSI Ha IOBKiJLIs. PesyabTaTl poboTH

BIIPOBAPKEHO Y IIPAKTUKY JOPOXHBOTO OYIiBHULITBA, WO MiATBEPAKEHO BiAIOBIIHUMU aKTaMM anpoballii.

2. This dissertation is devoted to addressing a pressing scientific and technical problem concerning the
improvement of the physical, mechanical, and performance properties of roller-compacted concrete (RCC) for
road construction. The core research idea involves the systematic particle size distribution optimization of
aggregates and the application of modified organic-mineral cement compositions as part of hydraulic road binders
(HRB) for RCC. Theoretical analysis identified that the primary factors hindering widespread RCC adoption are its
high sensitivity to aggregate grading, moisture content, and compaction regimes. A scientific hypothesis was
proposed and confirmed regarding the possibility of targeted RCC structure control through the use of active
mineral additives of both man-made and natural origin. The experimental studies utilized SEM I 42.5R Portland
cement, granite crushed stone in various fractions, and a wide range of modifiers: natural and synthetic zeolites,
wet-handled ash from thermal power plants, sunflower husk ash (SHA), and wastepaper sludge ash (WPSA). Studies
on HRB properties with a low water-cement ratio (W/C=0.2) revealed the specific nature of hydration processes
under moisture deficiency. It was established that natural zeolite from the Sokyrnytsia deposit ensures stable
structure formation due to its ability to accumulate a "mobile water reserve" within its through-channel porosity,
gradually releasing it to compensate for self-desiccation. X-ray diffraction (XRD) and scanning electron
microscopy (SEM) proved that these additives activate pozzolanic reactions, binding calcium hydroxide into low-
basic C-S-H-type calcium hydrosilicates. This leads to pore filling, the formation of additional ettringite, and the
development of a dense hardened cement paste microstructure. A crucial stage of the work was the optimization
of aggregate grading, which constitutes up to 80% of RCC volume. To simulate real-world field conditions, the
gyratory compaction method (using GALILEO Research equipment) was applied for the first time. Through
mathematical modeling and the construction of 3D Response Surfaces, a rational mix design was determined (sand
content: 714 kg /m?; 10-20 mm coarse aggregate: 690 kg/m?), ensuring design strength at moderate compaction
energy. Replacing 10% of cement with complex compositions such as "SHA + natural zeolite" or "wet-handled ash +
natural zeolite" was proven to increase compressive strength by 6.2-7.5% and flexural strength by 7.6-12.0%. The



operational reliability of the developed concretes was confirmed by high durability indicators. Test results showed
that the concretes correspond to the F200 frost resistance grade and the highest Class 4 abrasion resistance. The
initial capillary water absorption, caused by zeolite porosity, is eventually neutralized by pore segmentation with
hydration products, guaranteeing pavement stability. Pilot industrial implementation confirmed the high
processability of the developed mix designs. Utilizing standard asphalt paving equipment significantly accelerates
construction rates and enables traffic opening as early as 1-2 days after completion. Economic assessment
indicates potential savings of 270,000 to 293,000 UAH per 1,000 m? of pavement. Beyond financial efficiency, the
utilization of industrial by-products (ash and slag) addresses environmental challenges by reducing the
anthropogenic load. The research results have been implemented in road construction practice, as evidenced by
relevant industrial trial certificates.
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