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Pedepar/anoTamnis:

1. ¥ nepmomy po3zisi BAKOHAHO aHAJIITUYHUAN OIJIST, HAYKOBUX IIpallb i IPaKTUYHOIO AOCBiAY BUKOPUCTAHHS 30711~
BMHECEHHS K TEXHOT€HHOIO MiHEpPaJIbHOTO MaTepiasly B JOPO>KHbOMY OyAiBHULITBI. PO3ryisiHyTO npupogy ii
yTBOPEHHSI, (Pi3uKO-XiMiuHi Ta MiHepasIoriyHi BIaCTUBOCTI, Kiacudikaliiio, yl0JaHOBY i rigpaBiliyHy aKTUBHICTb, a
TaKOXX OCHOBHI HalpPsIMU 3aCTOCYBaHHs Y CBiTi Ta B YKpaiHi. ¥ Ipyromy poszisi o0rpyHTOBaHO IJIaHYBaHHS Ta
[Iporpamy e€KCIlepMMEHTaJIbHUX JOCiIKeHb BIIJIMBY 30JIM-BUHECEHHS Ha (i3MKO-MeXaHivyHi i eKcIulyaTaliiHi
BJIACTMBOCTI I'PYHTOBUX Ta L€OEHEBO-MilIaHUX CyMilllel 17151 JOPOKHbOTO OYAiBHULITBA. [I715 HeyKpilieHux
I'PYHTOBHUX CyMillell OCHOBHUM (aKTOPOM IPUMHSITO BMiCT 30JIM-BUHECEHHS, J1s YKpinyeHux rpyHTiB i LIT1C -
BMICT 30JIM-BUHECEHHS Ta LIEMEHTY. Y TPETbOMY PO3/ijli BAKOHAHO KOMILJIEKC BUITPOOYBaHb BUXiTHUX MaTepiasis,
I'PYHTO30JIbHUX, LIEMEHTHO-TPYHTOBUX, LIEMEHTO30JIbHUX I'PYHTOBUX cymimel i ykpinnenux HIIIC, 3okpeMa
BU3HAYEHO BOJIOTICTD, WIIJIbHICTh, TPAHYJIOMETPUYHUI CKJIA[L, ONITUMAJIbHY BOJIOTICTh, MAKCUMAJIbHY LIIJIbHICTD,

IIOKa3HUKY IIJIACTUYHOCTI, MilIHICTb IIPU CTHUCKY, BOJOHACHYEHHS, HabyXaHHS, BOAOCTINKICTb, MOPO3OCTIMKIiCThb Ta



nedopmauiliHi xapakrepucTukd. OTpUMaHi Pe3yJIbTaTy MOPiBHSIHO 3 KOHTPOJIbHMMU CKJIaZlaMy 6€3 30711, 0
JIO3BOJIMJIO KiJIbKICHO OLIIHMTH 3MiHY BJIaCTUBOCTEN MaTepiasiB 3aIe>KHO Bif, ii BMICTy Ta BCTAaHOBUTU
3aKOHOMIPHOCTI CTPYKTYPOYTBOPEHHS B CUCTEMAX «IPYHT — 30JIa», «IPYHT — LIeMEHT — 30J1a» i «III1C — nemeHr -
30J1a». BCTaHOBJIEHO, 110 BBEIEHHS 30JI1 CIIPUSIE MOJINIIEHHIO TPAaHYJIOMETPUYHOTO CKJIAJy, 3alI0BHEHHIO TIOPOBOTO
IIPOCTOPY, MiJIBUIIEHHIO YILiTbHIOBAHOCTI, 3HUKEHHIO BOJOYYTIMBOCTI Ta IOKPalLleHHIO AedopMaLifiHuX

BBeJieHHs 15-20 % 3011, [17151 'PYHTIB, YKPIIJIEHUX LIeMEHTOM, - 15-20 % 30711 y O€AHaHHI 3 6JIU3bKO 5 % LIEMEHTY,
a 119 yKpirieHux mebeHeBo-nimanux cymiment — 10-15 % 30711 SIK IPaKTUYHUM TEXHOJIOTIYHUH [1iara3oH.
[To6ymoBaHi MaTeMaTU4YHi MOJieJi MiITBePIKEHO CTATUCTUYHO; KoedillieHTu KopessLii ctaHoBATh Bif 0,84 o
0,99, a cepenHa noxu6bka anpokcumallii He nepesuinye 10 %. OTpumaHi pe3ysbTaTy NigTBEPIKYIOTh JOLIIBHICTD
3aCTOCYBaHHS 30JIM-BUHECEHHS SIK TEXHOT€HHOT'O MiHEPaJIbHOTO KOMIIOHEHTA 17151 MiABUILEHHS €(DEKTUBHOCTI
IOPO>XKHbO-OY1iBEJIbHMX MaTepiasiB i 3MEHIIEHHS YaCTKU TPASULIHUX IPUPOJHUX PECYPCiB. Y 4eTBEPTOMY PO3iJi
OOI'PYHTOBAHO NPAKTUYHE 3aCTOCYBAHHSI 30J11-BUHECEHHS B 3€MJITHOMY I10JIOTHI Ta LIapax OCHOBYU JOPO>XHbOI'O
D715l TPYHTIB, YKpiNieHux 1emeHToMm, Ta 10-15 % — a1 mebeHeBo-MilaHuX CyMiliel, YKpilIeHuX [eMEHTOM.
[ToxazaHo, 1110 BBEIEHHS 3011 NOJIMNIIYE CTPYKTYPY MaTepiasiB, 3HUXKYE iX BOGOYYTIUBICTS, MiBUILY€E
IedopmaliiiHi XxapakKTepUCTUKY, OBrOBIYHICTb i HECY4y 3[aTHICTb KOHCTPYKTUBHUX 11apiB. HaBespeHo BUMOTH 10
MarepiaiB, TEXHOJIOTIYHY MMOCJIiJOBHICTb IPUTOTYBAaHHS CyMilllell, 0COOJIMBOCTI BJIALITyBaHHS WApiB i3
3aCTOCYBaHHAM 30JIM-BUHECEHHS Ta CUCTEMY KOHTPOJIIO AKOCTI. 3a pe3yJbTaTaMy PO3PaxyHKOBOI [IEPEBIPKY
BCTaHOBJIEHO, 1110 BBeJeHHs 20 % 30711 10 I'PYHTY, YKPIIJIEHOro 5 % LieMeHTYy, 3abe3Ieyye MifiBUIIeHHS MOy IS
npy>kHOCTI 3 228 no 308 MIla, a BBeseHHs 12 % 30y go IUIIC 40, ykpinseHoi 3 % nemeHty, - 3 559 go 720 MIla. Le
IO3BOJINJIO 3BMEHIINTY TOBILYHY Mapy YKpinseHoro rpyHTy 3 20 1o 18 cm, a mapy LIIIC 40 - 315 go 14 cm 6e3
MOTipHIEHHS PO3PaxXyHKOBUX ITIOKA3HMKIB JOPO>KHbOI KOHCTPYKLi. 3araapHU MOMYJIb IPY>KHOCTI KOHCTPYKIii
36inbumBes 3 375 7o 502 MIla, a KkoedilieHT 3anacy MillHOCTi 3a IPY>XKHUM IporuHoMm - 3 1,12 1o 1,49. TexHiko-
€KOHOMIYHMI PO3PaxyHOK MiJITBEPYB AOLIJIbHICTh 3alIPOIIOHOBAHYX PillleHb: CYKYIIHa €KOHOMIS JJ1s1 IBOX
KOHCTPYKTUBHUX apiB cTaHOBUTD 64 019,80 rpx Ha 1000 M2, a 3 ypaxyBaHHSIM 00pOOKYM BEPXHbOI YaCTUHU
3eMJISTHOTO Tos10THA — 77 219,80 rpH Ha 1000 M2, mo cTaHOBUTSH 14,76 %. Kito4oBi cyioBa: aBTOMOOGi/IbHA TOpOTa,
3eMJISIHE [10JIOTHO, 30J1a-BUHECEHHS], yTUli3allii BiIX0OiB, JOPOXKHI 0T, HANPY>KeHO-1e(OpMOBaHUI CTaH,
nedopmaliist, MOZLyJb IIPY>KHOCTI, JOPOKHE ITOKPUTTS, IPYHT, VII[iIbHEHHS, CTATUYHE HaBaHTaXKE€HHSI, MilIHICTb i

NIOBrOBiYHICTb, Gi3MKO-MeXaHiuyHi XapaKTEePUCTUKHU, KOeil[ieHT MilIHOCTi.

2. The first chapter presents an analytical review of scientific studies and practical experience in the use of fly ash
as a technogenic mineral material in road construction. The origin of fly ash, its physicochemical and mineralogical
properties, classification, pozzolanic and hydraulic activity, as well as the main areas of its application worldwide
and in Ukraine are considered. The second chapter substantiates the planning and program of experimental
studies on the influence of fly ash on the physical, mechanical, and operational properties of soil and crushed
stone-sand mixtures for road construction. The working hypothesis, object, and subject of the research are
defined, and the selection of the main variable factors - fly ash content and cement content - is justified. The third
chapter presents a comprehensive set of tests performed on the initial materials, soil-fly ash mixtures, cement-soil
mixtures, cement-fly ash soil mixtures, and cement-treated crushed stone-sand mixtures. The tests included the
determination of moisture content, density, particle size distribution, optimum moisture content, maximum dry
density, plasticity characteristics, compressive strength, water saturation, swelling, water resistance, frost
resistance, and deformation characteristics. The obtained results were compared with control mixtures without fly
ash, which made it possible to quantitatively assess changes in material properties depending on fly ash content
and to establish regularities of structure formation in the systems “soil - fly ash”, “soil - cement - fly ash”, and
“crushed stone-sand mixture - cement - fly ash”. It was established that the addition of fly ash contributes to the
improvement of particle size distribution, filling of pore space, increased compactability, reduced water sensitivity,
and improved deformation characteristics of materials within a rational range of its content. For road subgrade
soils, the rational fly ash content is 15-20 %; for cement-treated soils, it is 15-20 % fly ash in combination with



approximately 5% cement; and for cement-treated crushed stone-sand mixtures, the practical technological range
is 10-15 % fly ash. The developed mathematical models were statistically confirmed; the correlation coefficients
ranged from 0.84 to 0.99, and the average approximation error did not exceed 10 %. The obtained results confirm
the feasibility of using fly ash as a technogenic mineral component to improve the efficiency of road construction
materials and reduce the share of traditional natural resources. The fourth chapter substantiates the practical
application of fly ash in the road subgrade and pavement base layers. The rational limits of its use were established:
15-20 % for road subgrade soils, 15-20 % for cement-treated soils, and 10-15 % for cement-treated crushed stone-
sand mixtures. It is shown that the addition of fly ash improves the structure of materials, reduces their water
sensitivity, and increases deformation characteristics, durability, and the bearing capacity of structural layers.
Requirements for materials, the technological sequence of mixture preparation, the specific features of layer
construction using fly ash, and a quality control system are presented. Based on the calculation verification, it was
established that the addition of 20 % fly ash to soil treated with 5 % cement increased the elastic modulus from
228 to 308 MPa, while the addition of 12 % fly ash to crushed stone-sand mixture 40 treated with 3 % cement
increased the elastic modulus from 559 to 720 MPa. This made it possible to reduce the thickness of the cement-
treated soil layer from 20 to 18 cm and the thickness of the crushed stone-sand mixture 40 layer from 15 to 14 cm
without deteriorating the calculated parameters of the pavement structure. The overall elastic modulus of the
structure increased from 375 to 502 MPa, and the safety factor for elastic deflection increased from 1.12 to 1.49. The
technical and economic calculation confirmed the feasibility of the proposed solutions: the total savings for two
structural layers amounted to UAH 64,019.80 per 1,000 m?, and with the treatment of the upper part of the road
subgrade taken into account, the savings increased to UAH 77,219.80 per 1,000 m?, or 14.76 %. Keywords: highway,
road subgrade, fly ash, waste utilization, pavement structure, stress-strain state, deformation, elastic modulus,
road pavement, soil, compaction, static loading, strength and durability, physical and mechanical characteristics,
strength coefficient.
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VIII. 3aKkJIl04Hi BiZoMOCTi



Biacue IIpizBume Im's [10-6aTbKOBI Cnasincrka Onena CepriiBHa

TOJIOBH paju

Biacue IpizBume Im's I10-6aTbKOBI Cnasincpka Onena Cepriisaa

rOJIOBYIOYOrO Ha 3acCimaHHi

BigmoBizasibHUH 32 MiATOTOBKY IBanymko Osekcannp Mukonanosny
00JIiIKOBHX JOKYMEHTIB

PeeCTpaTop FOpuenko TetsiHa AHaToJiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




