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Pedepar:

1. Incepraist npucBsYeHa eKCIIEPUMEHTATILHUM i TEOPETUYHUM JIOCTI/I)KEHHSIM O€TOHHUX KOHCTPYKLIiil, 110
IIPaLIOIOTh Ha 3TMH, i3 riOpUIHAM apMyBaHHSIM 0a3aJIbTOIJIACTUKOBOIO i METAJIEBOIO apMaTypPOI0, BUTOTOBJIEHUX i3
Pi3HUX 6ETOHHUX CyMimiel.Jlucepraliilo BAKOHAHO 3 METOIO NOCIIiI)KEHHS HallPy>KEHO-Ae(OPMOBaHOTO CTaHY;
BIUJIMBY BiIMiHHOCTEll MeXaHiYHMX BJIACTUBOCTEl 6a3aIbTOIIACTUKOBOI apMaTypPH Bif, METAJIEBOI HAa XapaKTep
PYVHYBaHHS, MiLIHOCTi, )KOPCTKOCTi Ta TPIillIMHOCTINKOCTi 6aJIOK i3 riOpuHUM apMyBaHHSIM, 6a3a/1bTOIIACTUKOBOIO]
METaJIEBOI0 apMaTypOI0, BATOTOBJIEHHUX i3 Pi3HUX OETOHHUX CyMillleil; I€PeBiPKUHASIBHOI METO KU
PO3PaxyHKY;1epeBipKM MOKIMBOCTi BUKOPUCTAHHS BiIXO/IiB ripHUY0-306arauyyBajabHOr0 KOMILIEKCY (gani — '3K) B

SIKOCTi Api6GHOTO 3all0BHIOBaYa 6€TOHY IJ1s1 6aJI0K, apMOBaHUX 06a3a/IbTOIIACTHKOBOIO apMaTypoIo Ta 3 ri6puaHUM



apMyBaHHSM. [IJ11 BUKOHAHHS ITIOCTaBJIEHOI MeTHU 6yJI0 €KCIIePUMEHTAJIbHO TOCIIIKEHO HAIIPY>KEHO~
IepopMOBaHUI CTaH, XapaKTep PyHHYBaHHS, MilIHICTb, MIUPUHY PO3KPUTTSI HOPMAJIbHUX TPILUH i IPOTUHIB 6a10K
i3 ribpuIHUM apMyBaHHSIM 06a3aJIbTOIIACTUKOBOIO | METAJIEBOIO apMaTypOI0; BUKOHAHO NepeBipKy 30DKHOCTI
Pe3yJbTaTiB BUIIPOOYBAHb i3 TEOPETUYHMMY PO3PaXyHKAMU 32 METOAMKOIO YMHHUX HOPM [1, 2]; po3po6sieHO
peKoMeHallil 0 HagBHOI METOAMKY PO3PAaXyHKY MIIIHOCTI, IIMPVMHU PO3KPUTTS HOPMAJIbHUX TPIIIWH i TPOTUHIB
KOHCTPYKIIii, 1110 MPaLOI0Th Ha 3TMH.Y BCTYNIMICTUTHCS 3arajlbHa XapaKTepUCTUKa AUCepTallii, 06IPyHTOBaHO
aKTyaJIbHICTb POOOTH, BUKJIAZAEHO METYi 3aBIaHHs JOCJipKEHHS, HAYKOBY HOBU3HYI IPAaKTUYHY LiHHICTbh POOOTH.Y
MepLIOMY PO3[iJli PO3IJISHYTO BUTOTOBJIEHHS, Pi3MKO-MEXaHIUHI XapaKTEPUCTUKY, IEPEBArU i HEJIOJiKU
6a3a7bTOIIACTUKOBOI KOMIIO3UTHOI apMaTypu. PO3IJISIHYTO [IOCBi, BUKOPUCTAHHS 1ii€l apMaTypy IJ1s1 apMyBaHHS
KOHCTpPYKLi# i3 6eTony B CIIIA, €Bpormni, Kanazi i1 inmux xpainax. Po3ryisiHyTo BIIJIMB BiAXO[IiB 30araueHHs 3aJ1i3HUX
pyZ (masni — 33P) Ha DOBKiJISL Ta MOXJIMBOCTI iX BUKOPUCTAHHS B 0ETOHHUX CyMillIax. 3a3Ha4eHOIepeBaru 6€TOHHUX
CyMillleli, BUTOTOBJIEHUX i3 6eTOHy Ha Binxonax 33P, y HopiBHSHHI 3 TpaguLiiHuMy 6€TOHaMH i iX BIJIMB Ha
HarnpyxeHo-1edOpPMOBaHMI1 CTaH KOHCTPYKLiN. HaBeleHO HOpMAaTUBHI IOKyMEHTH 3 PO3PaxyHKy OETOHHUX
KOHCTPYKIIi#, 1110 NPaLOIOTh HAa 3TMH, apMOBaHUX HEMETAJIEBOIO0 KOMITO3UTHOIO apMaTypolo, po3pobseHux y CIIA,
€spori, SInonii, Kanapi, Ykpaini.V npyromy posgnini ass Bu3HadeHHs (i3KO-MeXaHiUHMX XapaKTepUCTUK OETOHY
eKCIIepMMEHTaJIbHUX 6aJI0K OyJIM BUTOTOBJIEHI Ta BUNIPOOYBaHi 3pa3ku KyOiB i pu3mM OETOHIB Ha KBAPLIOBOMY ITiCKY i
Ha QpaKiioHOBaHUX Bigxoaax 33P BiANOBigHO 0 BUMOT YMHHUX HOPM. HaBeJileHO KOHCTPYKLI0 NOCIiHUX 3pa3KiB
0aJIoK i3 apMyBaHHSIM METAJIEBOIO apMaTypPOI0, 6a3aIbTOIIACTUKOBOIO apMAaTypOIO Ta riOpUIHAM apMYBaHHSIM,
TOOTO METAJIEBOIO i 623aJIbTOIIACTUKOBOIO apMaTypoi0. ONMCaHO MPOrpaMy €KCIIEPUMEHTAIbHUX JOCTiIKEHb:
KiJIBKiCTb 6aJI0K, CXeMY BUIIPOOYBaHb, KOHCTPYKILiI0 CTEHy, yCTAHOBKY IIPUJIA/IiB, IOCiJOBHICTb IPUKJIATAHHS
HaBaHTaXEeHbi aHi, SKi OTPMMYBaJIUCh y Pe3yJ/bTaTi BUIPOOYBaHb.Y TPETbOMY PO3iliHaBeIeHO Pe3yabTaTu
€KCIIepUMEHTAJIbHUX JOCTiIKeHb 6aJIOK yCiX cepiil: MOMEHTU YTBOPEHHS TPIlllMH, PYHHIBHI MOMEHTH, XapaKTepu
pPYyHiHYBaHb 6a710K, rpadiky 3MiHM POTUHIB i BiTHOCHUX epopmaliili, IOPiBHSIHHS OTPUMAaHUX €KCIIePUMEHTaIbHUX
JAHUX.Y 4eTBEPTOMY PO3[iJli BUKJIAIEHO METOAUKY PO3PaXyHKy KOHCTPYKLii, 10 MPALIOITh HA 3TMH, 3a IIEPLIOIO i
IpYrow rpynaMy rpaHAYHUX CTaHiB. HaBeeHO aIropuTMu po3paxyHKy MIiIJHOCTI epepisiB, HOpMaJIbHUX JIO
[I03[I0BXKHbOI OCi €JIEMEHTA, TPILIMHOCTIMKOCTI €JIEMEHTIB, IIPOTUHIB €J1eMEHTIB.BUKOHAHO PO3PaxyHOK AOCIiIHUX
3pa3KiB 06aJIOK 32 METOAMKOI0 YNHHUX HOPM. [I7151 6aJI0K yCix cepiil MOPiBHSIHHS JOCHiTHNAX [TOKa3HUKIB 3
OTPUMaHMMU 32 PO3PAXyHKOM 32 IPYTOI0 IPYIIOK T'PAaHUYHUX CTaHiB [10Ka3ajI0 He3aJ0Bi/IbHY 30DKHICTh. Y
pe3yJbTaTi aHaJi3y JaHUX €KCIIEPUMEHTaJIbHUX JOCiIKeHb PO3po6ieHi Mpono3uii 10 YNHHOI METOAUKHI
PO3paxyHKy 6aJIOK Ha TPIMHOCTINKICTh ifedopmaTuBHICTh. [INpHHY PO3KPUTTS. HOPMAJIbHUX TPIIIMH i BEJIMUNHY
IIPOTMHIB IIpU PO3PaxyHKY 6ajIOK PONOHYETHCS BU3HAYATU 3 BUKOPUCTAHHSIM €e(peKTUBHOIO MOMEHTY iHepliii, 1o
He BpaxoBye POOOTY OETOHY PO3TIATHYTOI 30HU. 3iCTaBI€HHS] TEOPETUYHUX i €KCIIEPUMEHTAJILHUX JJAHUX [10Ka3aJ10
3a[10BL/IbHY 30DKHICTb OTPUMAHMX pe3yJbTaTiB.JloBelleHO e(PEeKTUBHICTb BUKOPUCTAaHHS BinxoiB 33P y sKocTi
Ipi6bHOTrO 3an0BHIOBaYa OGETOHHOI CyMillli /17151 620K, apMOBaHUX 6a3aJIbTOIJIACTUKOBOIO apMaTypoIo,ifJist 6ajoK i3
riopuIHAM apMyBaHHSIM.Y3arajibHUX BUCHOBKAX Mif0MTO MiJCYyMOK IPOBELEHOI pOOOTH i OIIMCAaHO OCHOBHI
pe3yJbTaTh, OTPUMaHI B JOCIiIKeHHI.[lucepraliist JONOBHEHA NOATKaMU, y SKUX MICTSAThCS aKTU BIIPOBaI)KEHHS

IUCEePTALiHOTOIOCTiI)KEHHS Ta [IaTeHT Ha BUHAXI]I.

2. The thesis is devoted to experimental and theoretical studies of concrete structures working in bending, with
hybrid reinforcement of basalt plastic and steel bar, made of various concrete mixes.The purpose of the thesis is
the research of the stress-deformed state; the influence of differences in the mechanical properties between
basalt plastic and metal bar on the nature of destruction, strength, stiffness and crack resistance of beams with
hybrid reinforcement, basalt plastic and steel bar, made of different concrete mixes; verification of the available
calculation methodology; checking the possibility of using the waste of the Mining and Processing Complex as a
fine concrete aggregate for beams reinforced with basalt plastic bar and with hybrid reinforcement. In order to
fulfill the set aim, the stress-deformed state, nature of destruction, strength, opening width of normal cracks and
deflections of beams with hybrid reinforcement with basalt plastic steel bar were experimentally investigated; a
check of the convergence of test results with theoretical calculations using the methodology of current norms [1,
2] was performed; recommendations have been developed for the existing methodology for calculating the



strength, opening width of normal cracks and deflections of structures working on bending.The introduction
contains a general description of the thesis, the relevance of the work is substantiated, the aim and task of the
research, the scientific novelty and practical value of the work are formulated.Manufacturing, physical and
mechanical characteristics, advantages and disadvantages of basalt-plastic composite reinforcement are
considered in the first chapter. The experience of using this bar for reinforcing concrete structures in the USA,
Europe, Canada and other countries is considered. The impact of iron ore beneficiation waste on the environment
and the possibilities of their use in concrete mixes is considered. The advantages of concrete mixes made of iron
ore beneficiation wasteconcrete, in comparison with traditional concretes and their effect on the stress-deformed
state of structures, are indicated.Normative documents for the calculation of concrete structures working in
bending, reinforced with non-metal composite reinforcement, developed in the USA, Europe, Japan, Canada, and
Ukraine are listed.In order to determine the physical and mechanical characteristics of the concrete of the
experimental beams, samples of cubes and prisms of concrete were made and tested on quartz sand and sized iron
ore beneficiation waste in accordance with the requirements of current standardsand described in the second
section. The structure of beams test samples with steel, basalt plastic bar and hybrid reinforcement, i.e. steel and
basalt plastic bar, is provided. The program of experimental research is described: the number of beams, the test
scheme, the design of the stand, the installation of devices, the sequence of applying loads and the data obtained
as a result of the tests.The third section presents the results of experimental studies of beams of all series: crack
formation moments, destructive moments, beam fracture pattern, graphs of changes in deflections and relative
deformations, comparison of the obtained experimental data.The calculation method of structures working in
bending according to the first and second groups of limit states is described in the fourth chapter. Algorithms for
calculating the strength of sections normal to the longitudinal axis of the element, crack resistance of elements,
deflections of elements are provided.The calculation of test samples of beams was performed according to the
methodology of current standards. For the beams of all series, the comparison of experimental indicators with
those obtained by calculation according to the second group of limiting states showed an unsatisfactory
convergence. As a result of the data analysis from experimental studies, proposals were developed for the current
method of calculating beams for crack resistance and deformability. The opening width of normal cracks and the
number of deflections when calculating beams are proposed to be determined using the effective moment of
inertia, which does not take into account the work of concrete in the stretched zone. A comparison of theoretical
and experimental data showed a satisfactory convergence of the obtained results.The effectiveness of the use of
the iron ore beneficiation waste as a fine aggregate in the concrete mix for beams reinforced with basalt plastic
bars and for beams with hybrid reinforcement has been proven.The general conclusions summarize the work
carried out and describe the main results obtained in the study.The thesis is supplemented by appendices, which
contain the acts of implementing the thesis research and the patent for the invention.
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