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Yucmsarkoe A.O. BeTOHH OCHOBM JOPOKHBOIO OJATY 3 BUKOPUCTaHHSAM
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Hucepramiss Ha 3m00yTTS HAYKOBOTO CTyIeHs gokTopa (imocodii 3a
crietiayibHicTIO 192 — ByniBHUIITBO Ta IMBLIbHA 1HXKeHepis. Ojecbka Jep)kaBHA

akajemis OyaiBHUIITBA Ta apXiTeKkTypHu — Oneca, 2024.

Memoio pobomu € po3poOka OETOHIB OCHOB JIOPOKHBOTO OJIATY 3
320€3MEeUYEeHOI0 MIIHICTIO Ta JOBIOBIYHICTIO P MaKCHUMAJIbHOMY BHUKOPHUCTaHHI
BTOPHHHUX 3alIOBHIOBAYIB.

Y 6cmyni OOTpyHTOBaHO aKTyallbHICTb Ta HAyKOBY HOBHU3HY TEMHU
JIYCEePTaLIHOTO JOCHIKEHHS, MOKAa3aHO 3B 30K 3 Cy4aCHUMM HAyKOBUMH Ta
CKOHOMIYHUMH TEHJICHIIISIMHU, MOKa3aHO I[IHHICTh POOOTH 3 TOYKU 30pYy CTaJOro
PO3BUTKY.

Y nepwomy po30ini TnpoaHaNTI30BaHO CBITOBHM Ta BITYM3HAHUN JOCBIJ
OyIBHUIITBA Ta BUKOPUCTAHHS )KOPCTKUX IIEMEHTOOETOHHHUX JOPOKHIX TTOKPHUTTIB.
BcTranoBneHo, 1o Taki AOpord HaOyiau MIKUPOKOro posmnoBcropkeHHs B CIIA Ta
Kpainax 3axigHoi €Bpomu. OmnucaHo TepeBarun IEMEHTOOCTOHHHUX KOPCTKUX
JIOPOKHIX MOKPHUTTIB. B X011 BUBUEHHS BJIACTUBOCTEH 1IeMEHTOOCTOHHUX JIOPOXKHIX
MOKPUTTIB BCTAHOBJICHO, L0 ISl POOOTH Yy KapKUX KJIIMAaTUYHUX PErioHax, TaKux
K TIBJAEHb YKpaiHWU, Taki JIOPOTH € ONTUMAJILHUMHU Yy 3B 53Ky 3 BIJICYTHICTIO
nedopmatlii mija i€l OIABUIIEHUX TemiepaTyp. [lpoananizyBaBlM HayKOBY
JiTepatypy Ta Oo(dimiiiHI JOKYMEHTH 1 mporpamMu, 0yyio 3po0jeHO BHCHOBOK IPO
3pOCTaHHS PO3MOBCIOKCHHS [IEMEHTOOETOHHHUX JOPOKHIX TMOKPHUTTIB y KpaiHax
CxigHoi €Bponu, B TOMy YuCiHi B YKpaiHi. 3a JaHUMU YKPaBTOAOPY y MEpIoA 10
2040 p mmany€eThCs 301TBIIICHHS YACTKU KOPCTKUX JIOPOXKHIX TTOKPUTTIB B YKpaiHi
10 30%. JlocBin ekcruryaTallli TaKuX MOKPUTTIB B YKpaiHi MOKa3aB JOIUIBHICT 1X
MOBHOMACIITAOHOTO BIPOBAIKEHHS B SKOCTI JIOPOXKHIX Ta aepoIpOMHHUX

MOKPUTTIB. 3a3HayeHO, IO CHUPOBHUHHA ©0a3a B VYKpaiHi 3/1aTHAa TOBHICTIO



3a0€3MeunT HEOOXITHICTh B Marepiajax il BUTOTOBJICHHS IIEMEHTOOETOHY 3
BITUM3HSIHUX MaTepialliB.

B xoxi mocmimkeHHs Oyjio TpOaHATi30BaHO BIIACTHBOCTI Ta OCOOJIUBOCTI
CKJIaJIIB OCTOHIB JIJI1 OCHOB JIOPOXKHBOT'O OJATY KOPCTKUX JIOPOXKHIX MOKPUTTIB,
MPOBEJCHO OIIHKY JOIIBHOCTI BUKOPHUCTaHHS JO0ABOK CymepruiacTudikaTopis,
¢16pu Ta iHMUX MOAM(IKATOPIB BIAMOBIIHO A0 PEKOMEHMAALINA BITUM3HSIHHUX Ta
3aKOPJOHHMX JOCIITHUKIB.

[TpoBeneHo aHami3 CBITOBOTO JOCBIYy BUKOPHCTaHHS BTOPUHHUX OCTOHHUX
3all0OBHIOBAUIB JUIsl BUTOTOBJICHHS OeTOHY. BcTaHOBIIEHO, IO OETOHM Ha OCHOBI
BTOPMHHUX 3allOBHIOBAYiB TIOKa3ylOTh HECYTTEBE 3HI)KEHHS MIIHOCTHHUX
BJIACTUBOCTEN Yy TIOpIBHSHHI 3 O€TOHAaMM Ha MPUPOJHIX 3aMOBHIOBaYaXx.
[IpencraBiaeHo ycHiliHE BHUKOPUCTaHHS BTOPUHHUX 3allOBHIOBAdiB  PI3HOT
CTPYKTYpH Ta (pakuli Jjii BUTOTOBJIEHHS O€TOHIB A OOJAaIITyBaHHS OCHOB
JIOPOKHIX TMOKPUTTIB, a€POIPOMIB, TEXHIYHUX CHOPYJ Ta KOHCTPYKLIA KUTIOBUX
OyxiBenb. byna BcTaHOBJEHA NOLUIBHICT BUKOPUCTAHHSA OETOHIB Ha BTOPHUHHUX
3allOBHIOBaYax camMe€ i  BHUTOTOBJIEHHS OCHOB  JIOPOXKHBOTO  OJSITY
[IEMEHTOOETOHHUX JIOPIT.

[IpoananizoBaHO BIACTUBOCTI CKJIa/IB Ta OCOOJIMBOCTI TEXHOJOTTYHUX PIIIEHb
P BUTOTOBJIEHHI OETOHIB 13 BTOPMHHUX 3aIOBHIOBAYiB JJIi OCHOB JOPOXHBOTO
OJIATy. 3a3HaY€HO BIUIMB PI3HUX BHJIIB BTOPMHHUX 3alOBHIOBAYIB HA PYXOMICTh
CyMillll, HA CEePEJIHIO TYCTUHY, BOJONOTJIMHAHHS Ta MILHICTh OTPUMAaHUX OETOHIB.
[IpencraBieHo pi3HOBUIIM BTOPUHHUX 3allOBHIOBAYIB, SIKI MOTEHIIIHO MOKIIUBO
BUKOPHUCTOBYBATH ISl €EKTUBHOT'O BUTOTOBJICHHS O€TOHIB. JoBe/IeHa eKoIoriuHa
NPUBAOJIMBICTH TA €EKOHOMIYHA JOLJIBHICTh BUKOPUCTAHHSI BTOPUHHOI CUPOBUHHU B
OyAiBHULTBI. 3p00JIEHO BUCHOBOK PO BUCOKY aKTyaJIbHICTh IOCIIKEHb y JaHOMY
HarpsMy, 10 00yMOBJIEHO BHCOKOIO PI3HOMAHITHICTh BTOPHUHHUX 3allOBHIOBAYIB,
JIOCTYMHICTIO CHPOBMHHOI 0a3u, 30KpeMa 3 BpaxyBaHHSIM BEJIUKUX OOCSTIB
CIPUYMHEHUX OOMOBUMHU MisIMM pyHHYBaHb, Ta HEMOBHUM O0OCSITOM 3HAaHb Ta
TEXHOJIOTIYHUX PpIllIeHb MpPU BHUIOTOBJIEHI OETOHIB Ha OCHOBI BTOPHUHHHX

3allOBHIOBaUiB. BCTaHOBIEHO, 110 MAacoBe BUKOPHUCTaHHS OETOHY Ha OCHOBI



BTOPUHHUX 3alIOBHIOBAYIB MOKJIMBO B KOHCTPYKULISX ISl SIKUX HE BHCYBA€ETHCS
BUCOKMX BHUMOI' II0J0 MIIHOCTI Ta MOPO30CTIMKOCTI, 30KpeMa y OCHOBax
JIOPOKHBOTO OJIATY.

Ha ocHOBI JaHMX OTpUMaHUX 3 aHaji3y CBITOBOTO JOCBITY 3 PO3POOKH
HEMEHTOOCTOHHUX  JIOPOXKHIX TMOKPUTTIB Ta BHUKOPUCTAHHS  BTOPHUHHHUX
3allOBHIOBAYIB i1 BUTOTOBJICHHS OCTOHIB C(HOPMOBAHO pobouy 2inome3sy
JUCEPTALIIITHOTO JOCIJKEHHS. 3 BpaXyBaHHSAM 3HAYHOI PI3HUII Yy BJIACTUBOCTSX
BTOPMHHUX 3aMOBHIOBAYIB (KPYMHUX Ta NpiOHMUX) MiAOip ONTUMATbHHUX CKIIAIIB
OeToHiB 11 OyAIBHUILITBA OCHOB JIOPOXKHIX TOKPUTTIB CHiJ] TPOBOJAUTH
eKcrepuMeHTanbHo. i AoCATHEHHS HEOOXi1JHOI MIIIHOCTI 1 MOPO30CTIHKOCTI
JOCIIIIKYBaHUX O€TOHIB HEOOXIIHO BHUKOPUCTOBYBAIMUCS €(EKTUBHI J00AaBKU
cynepriactudgikaTopu, Ta  3a  HEOOXIMHMM  OOrpyHTyBaHHsSM  (iOpy.
ExcriepuMeHTanbHl JOCIIKEHHS CHiJ MPOBOJAMTH 3 BUKOPUCTAHHSM BEJIHUKOTO
ACOPTUMEHTY BTOPUHHUX Ta MPUPOJHUX 3alIOBHIOBAYIB KPYIHOI Ta AP10HOT PpaKiii
Ha JIEKUIbKOX BUAAX IEMEHTY, 30KpeMa 3 pI3HUM BMICTOM IUJIAKy JOMEHHUX Meyeil
JUIS TIABUINEHHS BUKOPUCTAaHHS TMepepoOseHOi CHPOBUMHU Ui BUTOTOBJICHHS
OcTOHY.

Buxoasuun 3 po0odoi rimorTe3n Ta Oepydyd 10 yBaru MPOBEJACHUN aHall3
HAyKOBOi JiTepaTypu 3 JaHoi ramysi, Oyna cdopmylboBaHA Mema poOOMU:
po3poOKa OCTOHIB OCHOB JOPOXKHBOTO OATY 3 3a0e3MEYCHOI0 MIIHICTIO Ta
JIOBrOBIYHICTIO IIPU MAKCUMAJIbHOMY BUKOPHUCTAHHI BTOPUHHUX 3aIIOBHIOBAYIB.

Y opyeomy po3odini naucepTaiii TpEACTaBICHO 3arajbHy CXeMy Ta
MOCTIAOBHICTh IPOBEACHHS JOCHIDKCHHS. JleTaabHO OINMHCAaHO METOAUKY
BUTOTOBJIEHHA OETOHHOI CyMIillll Ta €KCHEPUMEHTAIbHUX 3Pa3KiB, MPEICTABICHO
METOJM BHU3HAUCHHSA (PI3MKO-MEXaHIYHUX BIACTUBOCTEH OETOHIB HA OCHOBI
BTOPMHHUX 3aIllOBHIOBAUIB ISl JOPOXKHBOTO OyaiBHMIITBA. HaBeneHo OCHOBHI
XapaKTEPUCTUKU MATeplajiB, siKi OyJIx BUKOPUCTAHI I1]1 4ac TOCHIIIKEHHS: KPYTTHUX
1 JOpiOHUX BTOPUHHUX 3allOBHIOBAYiB PI3HUX THUIIIB, TPAHITHOTO IIEOCHIO,
IPaHITHOTO PIYKOBOrO TpaBito, KBApIIOBOTO IMICKY PI3HUX Kap €piB, , LIEMEHTIB,

cynepractudikaTopiB Ta GiOpu pi3HUX THITIB.



B mpemwvomy po30ini npenctaBieHO OCHOBHI pe3yJIbTaTH JOCHIIKCHHS
BJIACTUBOCTEH OETOHIB Ha BTOPUHHUX 3allOBHIOBAYax I OCHOB J>KOPCTKOTO
JOPOKHBOTO OJiTy. IIpoBeAeHO OILIHKY MO3UTHUBHOTO BIUIMBY HAa HABKOJUIIIHE
CEpelIOBUIIE BUKOPUCTAHHS MPOAYKTIB IEMOHTaXy OY/IBEJIb Ta CIIOPY/l B paMKax
ix sxutTEBOTO IUKITY. [IpoaHamizoBaHO Ta JOBEICHO PaIliOHATLHICTh BUKOPUCTAHHS
OCHOBHUX TEXHOJIOTi JEMOHTaxy OyJiBenb Ta CHOpYyA s €(PEKTUBHOTO
BU1I00yTKY BTOPUHHHX 3aIIOBHIOBAYiB 3 OyA1BEJIbHUX BiJIX0/1B. EKCrIepuMeHTaIbHO
BU3HAUEHO €(QEKTHBHICTb BUKOPHUCTAHHS IJIACTHU(IKATOPIB PI3HOTO THUIY IS
OETOHIB Ha BTOPUHHOMY III€O€HI JUIsi OCHOB aBTOMOOLIBHUX JIOPIT, MPOBEICHO
MOPIBHSIHHS BJIACTUBOCTEHM OETOHIB HA OCHOBI PI3HUX BHUJIB IIEMEHTIB Ta MiCKiB. B
XOJll EKCHEPUMEHTY MIATBEP/KEHO €(EKTUBHICTh 3aCTOCYBAHHS BTOPHHHHX
3aIOBHIOBAaYaX JJisi BUTOTOBJICHHSI OE€TOHIB JJIsl BJAIITYBAHHS OCHOBU YKOPCTKOTO
JTOpOoKHBbOTO ofsry. [TopiBHSIHO (Di3UKO-MEXaHIYH1 BJIACTUBOCTI OETOHIB 3 PI3HUMHU
TUIIAaMH KPYIHOro 1 ApiOHOTrO 3amoBHIOBadya (IPaHITHOIO PIYKOBOTO TIPABIIO,
BTOPUHHOTO MIEOCHIO 3 IEPEPOOJICHUX 3a11300€TOHHUX KOHCTPYKIIIHA, BTOPUHHOTO
1nieOeHI0 3 MepepoOICHOT LEMISIHOI KIaJKU Ta KepamiyHOi IUIUTKH, KBaplOBOTO
MICKy, BTOPHUHHOTO TICKYy 3 TMepepoOIeHNX 3ali300€TOHHUX KOHCTPYKIIH,
BTOPUHHOI'O MICKY 3 MEpepoOsIeHOl LETsHOI Kiaaku). Bukopucrano pi3i Tumu
LEMEHTY Ta J100aBKH CynepriacTu(IKaTopy B X0l 2-X cepiil eKCHIepuMEeHTIB. Y
nepmiiii  BukopuctoByBaBcs moptiananement CEM  II/B-S 325 R Ta
cynepractudikatop Soudal Soudaplast, y npyriit — moptinananement CEM II/B-S
42.5 R Tta cynepmiactudikarop Berament HT28. [lopiBHsiHO BiacTUBOCTI O€TOHIB
3 PI3HOIO KUIBKICTIO IIEMEHTY Ha OCHOBI BTOPMHHMX 3alIOBHIOBAY1B PI3HHUX THUIIIB.

3a pe3ynbTaTaMu JOCHIKEHHSI BCTAaHOBJICHO, 110 BC1 JIOCIHKEH1 OSTOHU Ha
BTOPHHHHUX 3allOBHIOBAYaX XapaKTEPU3YBAIUCS JOCTATHHOIO BHCOKOKO MIITHICTIO,
30kpemMa Ha po3Tsar npu 3ruHi (Big 2,82 go 3,84 MIla). Takox OeroHu
3a0e3reuyBalii JOCTaTHIO I OCHOB JIOPOXKHBOTO 0Ty MOpo3ocTiikicTs (F100)
Ta BHCOKY YIapoCTiiiKicTb. bBeToHH Ha OCHOBI BTOPMHHOTO MIEOCHIO 3
3aJ11300€TOHHUX KOHCTPYKIIIM Ta KBapllOBOMY IICKY XapaKTE€PU3YIOThCS BHUILIOIO

MIIIHICTIO Ha CTHUCK Ta HA PO3TST IPH 3TUHI1, HI’K OETOHM HAa OCHOB1 pIYKOBOTO TPABII0



Ta KBapLIOBOMY IMiCKy. beTOHM Ha OCHOBI BTOPMHHMX 3allOBHIOBAYiB KPYMHOI Ta
JpiOHOT (pakilii Mmoka3aad MIIHICTb, sIKa JI03BOJISIE BUKOPHUCTOBYBATH iX Yy SIKOCTI
OETOHIB OCHOB JIOPOKHBOTO OJIATY.

JloBeaeHo e(heKTUBHICTh 3aCTOCYBaHHS OETOHIB HA BTOPUHHUX 3alI0BHIOBAaYaXxX
JUTS BJIAIITYBAHHS OCHOBH KOPCTKOTO JJOPOKHBOTO OJIATY. Br3HaueHO onTHMabHI
CKJaau O€TOHIB Ha BTOPHHHMX 3allOBHIOBAYaX JIJIi BUTOTOBJICHHS OCHOB JKOPCTKUX
JIOPOKHIX MMOKPUTTIB.

B uemeepmomy po30ini npeacTaBneHo pe3ybTaT AOCTIIKEHHS BIaCTUBOCTEH
O0etoHiB 1 (hiOpOOETOHIB /JiI OCHOB JOPOKHBOTO OJSITY Ha HEOIHOPITHUX
BTOPUHHUX 3alOBHIOBaYaxX. BcTaHOBIEHO, IO MILHICTh HA CTHCK 1 HA PO3TSAT MPHU
3rMHI OETOHIB Ha BTOPMHHOMY IIEOEHI 3 HEOJHOPIAHUM CKJIaJIOM € BHILIOK B
MOPIBHSHHI 3 OETOHOM Ha OCHOBI PIYKOBOTO TpaBilo, a TaKOXK Malxke He
BIJIDI3HSETHCS BIJI MIIMHOCTI O€TOHIB HAa OCHOBI BTOPUHHOIO IIEOEHIO 3
3a11300€TOHHUX KOHCTPYKIIiil. BusHaueno BrmB nominpomineHoBoi ¢iopu EGIBI
PP 32 mxM/12 MM y SIKOCTI IMCTIEPCHOT apMaTypH JiJisi BATOTOBJICHHS! OETOHIB OCHOB
JIOPOKHBOTO OTY. BCTaHOBIIEHO HU3BKY €(EKTUBHICTH TUCIIEPCHOTO apMyBaHHS
bi6poro EGIBI PP 32 mxm/12 MM 1151 BUTOTOBJICHHS O€TOHIB HA OCHOBI BTOPHHHHX
3aI0BHIOBAYiB, BPAXOBYIOUM BIUIMB HA XapaKTEPUCTHUKKA OETOHY Ta €KOHOMIYHUUI
dakTop.

JloBeieHa MOKITUBICTh BUKOPUCTAHHS JUIsl OCHOB JIOPOXKHBOTO OJSTY OETOHIB
Ha BTOPMHHOMY II€O€H1 3 HEOJHOPITHUM CKJIaJ0M 1 IIEMEHTI 3 BUCOKHUM BMICTOM
utaky CEM I11/A. Taku 6eTOHN MarOTh MIIHICTh Ha CTUCK Bix 26,3 1o 32,7 MIla,
MIIHICTh Ha PO3TSAT MpH 3ruHi Bix 2,65 10 3,29 Mlla i moposzoctiiikicts F100, m1o
Ha 50-100% Buie piBHA MIHIMAJIbLHUX BHUMOT IIOAO MIITHOCTI 1 MOPO30CTIMKICTI
OeToHIB Jy1s MOHOMITHOI ocHOBH 3rigHo JIBH B.2.3-4:2015.

[TokazaHo, 1m0 AucnepcHe apMyBaHHsS (iOporo 3 jyroctiiikoro ckia ANTI-
CRAK HP 12 miaBuiirye MIlHICTh Ha CTUK OCTOHIB OCHOB JOPOXKHBOT'O OJIATY Ha
4,0-11,8%. Ilpu 11boMy MIIHICTH Ha PO3TST MPH 3TUHI 0ETOHY HA TPAHITHOMY TpaBii
Ta KBapIIOBOMY ITICKY 3pocTae Ha 9,3%, a 66TOHY Ha BTOpUHHOMY I1Ie0€H1 JIUIIe Ha

3,5%. Bukopucranus nominponisieHoBoi Gpidpu BeneSteel 55 Bukimkano 3HIKEHHS



MIIIHOCTI O€TOHIB, IO O0OYMOBJIEHE HEOoOXiaHicTIO 30uibiieHH1 B/Ll npu
BUKOpHUCTaHHI jJaHoi (ibpu. lle cBiAUMTH MPO HEIOIIIBHICTh 3aCTOCYBaHHSA B
OeToHaX Ha BTOPUHHOMY IeOeHl 3 HEOJHOPIAHMM CKJIAJJOM JIHUCIEPCHOTO
apMyBaHHS BUKOPUCTAHUMU B TaHUX JOCTIIKEHHIX TUNaMu (i0pH 3 BpaXyBaHHAM
€KOHOMIYHOTO YHHHUKA.

Pesynpratu qucepramiiHuX J0CIiIKEHb BIPOBAIKEHO B HABYAJIBHUI MpOIIeC
B OpechbKii nep)kaBHIM akajeMii OyAIBHMIITBA Ta apXITEKTypH MPH IMiATOTOBII
MaricTpiB crnemianbHocTi 192 ByaiBHUIITBO Ta HMBUIbHA 1HXKEHEPIs 3a OCBITHBO-
npodeciiiHol0 TporpamMor0  «ABTOMOOUIBHI JIOPOTH 1 aepojpoMu», Ta Y
BUpOoOHUIITBO JlodipHiM mianpueMcTBoM «Yepkacbkuit obmarogop» BAT «JIAK
«ABTOMOOUIBHI JAOpOrM YKpaiHW»» TMpU BIAIITYBaHHI OETOHHMX OCHOB
JOPOKHBOTO  OAATy mix’izmy nmo wocty y c. lllenaepiska KopcyHb-
[IleBueHkiBCbKOTO pailoHy Yepkacbkoi 00acTi Ha aBTOMOOUIBHIN J0PO31

nepskaBHoro 3HadeHHS T-24-03.

KurouoBi cioBa: OpCTKUIl JOPOXKHIA OJAT, OCHOBA JOPOKHBOTO OJSATY,

BTOPUHHUI 3aMIOBHIOBAY, TNIACTU(PIKATOP, MIIIHICTH, MOPO30CTIMKICTb.



ABSTRACT
Chystiakov A.O. Concretes for bases of road clothing with using of secondary
aggregates
PhD thesis. Specialty 192 — Construction and civil engineering — Odessa State

Academy of Civil Engineering and Architecture. — Odessa, 2024.

The goal of the work is the development of concrete foundations for road wear
with guaranteed strength and durability with the maximum use of secondary
aggregates.

The introduction substantiates the relevance and scientific novelty of the topic
of the dissertation research, shows the connection with modern scientific and
economic trends, shows the value of the work from the point of view of sustainable
development.

In the first section of the thesis, the global and national experience of
construction and using of cement concrete rigid pavements is analyzed. It has been
established that such roads have become widespread in the USA and Western
European countries. The advantages of cement-concrete rigid road surfaces are
described. During the study of the properties of cement-concrete road surfaces, it
was established that such roads are optimal for work in hot climatic regions as South
of Ukraine due to the absence of deformations under the influence of elevated
temperatures. After analyzing of the scientific literature and official regulations, it
was concluded that the spread of cement concrete pavements in the countries of
Eastern Europe, including Ukraine, is increasing. According to Ukravtodor, in the
period until 2040, it is planned to increase the share of rigid pavements in Ukraine
to 30 %. The experience of operating such roads in Ukraine has shown the
expediency of their full-scale implementation as road and airfield coatings. It is
noted that the raw material base in Ukraine is able to fully cover the need for
materials for the production of rigid pavements from domestic materials.

During the research, the properties and features of concrete compositions for

the bases of road clothing for rigid pavements were analyzed, the feasibility of using



superplasticizer additives, fiber and other modifiers was evaluated in accordance
with the recommendations of Ukrainian and foreign researchers.

An analysis of the world international experience of using of secondary
concrete aggregates for the production of concrete was carried out. It was established
that concretes based on secondary aggregates show an insignificant decrease in
strength properties compared to concretes based on natural aggregates. The
successful use of secondary aggregates of various structures and fractions for the
production of concrete for arranging of the bases of rigid pavements, airfields,
technical facilities and structures of residential buildings is presented. It was
established the expediency of using concrete on secondary aggregates precisely for
the manufacture of the bases of the road clothing of cement-concrete roads.

Properties of compositions and features of technological solutions in the
production of concrete from secondary aggregates for the bases of road clothing are
presented. The influence of different types of secondary aggregates on the mobility
of the mixture, on the density, water absorption and strength of the concretes
obtained is indicated. The classification and types of secondary aggregates, which
can potentially be used for effective concrete production, are presented. The
ecological attractiveness and economical feasibility of using of secondary raw
materials in construction has been proven. It was concluded that research in this
direction is highly relevant, which is due to the high variety of secondary aggregates,
the availability of raw materials, taking into account the large volumes of destruction
caused by hostilities and the incomplete amount of knowledge and technological
solutions for the production of concrete based on secondary aggregates. It has been
established that the mass use of concrete based on secondary aggregates is possible
in structures that do not require high strength and frost resistance, in particular in the
bases of road clothing.

Based on the data obtained from the analysis of the world experience in the
development of cement concrete road surfaces and the use of secondary aggregates
for the production of concrete, a working hypothesis of the dissertation research was

formed. Taking into account the significant difference in the properties of secondary



aggregates (coarse and fine), the selection of optimal concrete compositions for the
construction of the bases of rigid pavements should be carried out experimentally.
In order to achieve the necessary strength and frost resistance of the studied
concretes, it is necessary to use effective additives, superplasticizers, and according
to the necessary justification of the fiber. Experimental studies should be conducted
using a large assortment of secondary and natural aggregates of coarse and fine
fraction on several types of cement, in particular with different content of blast
furnace slag to increase the use of recycled raw materials for the production of
concrete.

Based on the working hypothesis and taking into account the analysis of the
scientific literature in this field, the goal of the work was formulated: the
development of concrete for bases of road clothing with guaranteed strength and
durability with the maximal use of secondary aggregates.

The second section of the dissertation thesis presents the general scheme and
sequence of the research. The method of manufacturing of concrete mixture and
experimental samples is described in detail, the methods of determining of the
physical and mechanical properties of concrete based on secondary aggregates for
road construction are presented. The main characteristics of the materials that were
used during the research are given: coarse and fine secondary aggregates of various
types, granite crushed stone, granite river gravel, quartz sand from various quarries,
cement, superplasticizers and fibers of various types.

The third section presents the main results of the study of the properties of
concrete on secondary aggregates for the bases of rigid pavements. An assessment
of the positive impact on the environment of using of the products of dismantling
buildings and structures within their life cycle was carried out. The rationality of
using of the main technologies of dismantling buildings and structures for the
efficient extraction of secondary aggregates from construction waste has been
analysed and proven. The effectiveness of the use of different types of plasticizers
for concrete on secondary aggregates for bases of rigid pavements was determined

experimentally. The properties of concrete based on different types of cement and



sand were compared. During the experiment, the effectiveness of the use of
secondary aggregates for the production of concrete for the arrangement of the bases
of road clothing was confirmed. The physical and mechanical properties of concrete
with different types of coarse and fine aggregate (granite river gravel, secondary
crushed stone from recycled reinforced concrete structures, secondary crushed stone
from recycled brickwork and ceramic tiles, quartz sand, secondary sand from
recycled reinforced concrete structures, secondary sand from recycled brickwork)
were compared). Different types of cement and superplasticizer additives were used
in the course of two series of experiments. In the first, Portland cement CEM 11/B-S
32.5 R and superplasticizer Soudal Soudaplast were used, in the second — Portland
cement CEM 11/B-S 42.5 R and superplasticizer Berament HT28. The properties of
concretes based on secondary aggregates with different cement concentrations are
compared.

According to the results of the research, it was established that all the studied
concretes on secondary aggregates were characterized by sufficiently high strength,
in particular for flexural strength inbending (from 2.82 to 3.84 MPa). Also, the
concretes provided sufficient frost resistance (F100) and high impact resistance for
the bases of road clothing. The composition of concrete based on secondary crushed
stone from masonry and ceramic tiles and quartz sand also showed a sufficiently
high strength result. Based on the results of the tests, it was established that concretes
based on secondary aggregates of coarse and fine fractions showed sufficiently high
strength, which allows them to be used as concretes for the bases of road clothing.
All the main studied compositions of concrete showed the frost resistance grade
F100.

The effectiveness of the use of concrete on secondary aggregates for the
arrangement of the bases of road clothing has been proven. The optimal
compositions of concrete on secondary aggregates for the manufacture of bases of
rigid pavements have been determined.

The fourth section presents the results of the study of the properties of concrete

and fiber concrete for the bases of road clothing on secondary aggregates with a



heterogeneous composition. It was established that the compressive and flexural
strength in bending of concretes based on secondary crushed stone with a
heterogeneous composition is higher compared to concrete based on river gravel,
and also almost does not differ from the strength of concretes based on secondary
crushed stone from reinforced concrete structures. The influence of polypropylene
fiber EGIBI PP 32 um/12 mm as a dispersed reinforcement for the production of
concrete bases for road clothing was determined. The low efficiency of dispersed
reinforcement with EGIBI PP fiber 32 um/12 mm for the production of concretes
based on secondary aggregates was established, taking into account the effect on the
characteristics of concrete and the economic factor.

The possibility of using concrete on secondary crushed stone with a
heterogeneous composition and cement CEM I11/A with a high slag content for the
bases of road clothing has been proven. Such concretes have compressive strength
from 26.3 to 32.7 MPa, flexural strength in bending from 2.65 to 3.29 MPa and frost
resistance F100, which is 50-100 % higher than the minimum requirements for the
strength and frost resistance of concrete for monolithic base according to DBN
B.2.3-4:2015.

It is shown that dispersed reinforcement with alkali-resistant glass fiber ANTI-
CRAK HP 12 increases the flexural strength of concrete bases of road clothing by
4.0-11.8 %. At the same time, the tensile strength in bending of concrete on granite
gravel and quartz sand increases by 9.3 %, and concrete on secondary crushed stone
by only 3.5 %. The use of polypropylene fiber BeneSteel 55 caused a decrease in the
strength of concrete, which is due to the need to increase W/C when using this fiber.
This indicates the impracticality of using the dispersed reinforcement with types of
fibers used in these studies in concrete on secondary crushed stone with a
heterogeneous composition, taking into account the economic factor.

The results of the dissertation research were implemented in the educational
process at the Odessa State Academy of Civil Engineering and Architecture in the
preparation of masters in the specialty 192 Construction and civil engineering under

the studying program "Highways and airfields", and in production by the subsidiary



"Cherkasky Oblavtodor" of JSC "Automotive roads of Ukraine” during the
construction of concrete bases of the road surface of the approach to the bridge in
the village of Shenderivka of the Korsun-Shevchenkiv district of the Cherkasy
region on the state highway T-24-03.

Key words: rigid road clothing, bases for road clothing, secondary aggregates,

plasticizer, strength, frost resistance.



