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Pedepar:

1. 3ani306€TOHHI KOHCTPYKILi IXPOKO 3aCTOCOBYIOTHCS B iHPPACTPYKTYPHOMY OYIiBHUILITBI, 0COOJIMBO B MOCTaX,
TPAHCIIOPTHUX i IPOMUCIIOBUX 06'€eKTaX. OJJHUM i3 KJIFOYOBUX €JIEMEHTIB € CTUCHYTA 30Ha 6ETOHY B 3TMHAHUX
€JIEMEHTAX, 110 3a3Ha€ 3HAaYHMX HAaBAaHTAXEHb i Jlerpajiye BHACIOK arpeCUBHOTO CEPEOBUIIA, KOPO3ii apMaTypy,
BTOMMU MaTepiasy Ta Aiil BUOYXOBOro XapakTepy. PyiiHyBaHHS Liiel 30HU CYTTE€BO 3HMXKY€E HECY4y 3[aTHICTh
KOHCTPYKIii1 i noTpedye edeKTHBHOrO BiHOBJIEHHS [1Jis 3a6e3le4eHHs T0AaIbLIoi eKcItyaTtalii. [IpoBeneHo
IOCJiI)KeHHS MaTepiasliB AOCIITHUX 3a/1i300€ TOHHUX 6aJI0K, 30KpeMa 6eToHY (Ky0iB, IPH3M), PEMOHTHOTO PO3UMHY
Sika MonoTop-4012 ta TepmiuHO-3MifHeHOi apmaTypu ASO0C. HaBejeHO MeTOAMKY BUIIPOOYBaHb 3TMHAHUX
€JIEMEHTIB, a TAaKOXX MeTOH iX BimHOBIeHHS. [[711 qoCimKeHHs] BUKOPUCTaHO 16 6amok po3mipamu 2100x200x100
MM. 3aITPONIOHOBAHO METOJMKY BiIHOBJIEHHSI CTUCHYTOI 30HM GETOHY 3a JOIIOMOTOI0 PEMOHTHOTO PO34nHy Sika
MonoTop-4012 Ta onucaHo MeTogu PEMOHTY e(deKTiB KOMIIO3UTHUMMY MaTepiajaMy, 0 NPaliol0Th KOMIIJIEKCHO i
cymicHo i3 Sika MonoTop-4012. Bunipo6yBaHHs 3pa3KiB IIPOBOJMIIN 32 CXEMOI0 OJHOIIPOJITHOI 6ajKy i3 1BOMA

30CepeKeHMMY HaBaHTaKEHHSIMU B TPETUHAX IIPOJIbOTY Ta YTBOPEHHS 30HU «YUCTOrO 3ruHy». s dikcanii



nedopmariiii 6eToHy Ta apMaTypH 3aCTOCOBAHO MeTos U@ PoBoi Kopessiii 3o6paskenHs (LJK3) pa3om i3 cy6-
MiKpOHHUMM iHJuKaTopamu. Qikcallis faHux BifdyBasacs UOCEeKyH Y, 0 JO3BOJIMUIO BilCTEXyBaTH 3MiHY
HaIpYy>XeHO-e(POPMOBAHOTO CTaHy IIPY Pi3HUX PiBHAX HaBaHTAKEHHS aX [0 PyIHHyBaHHS. BUKOHaHO
BUIIPOOYBaHHS 6aJI0K, BiTHOBJIEHUX MiCJISI [IOMIKOPKEHHS, 32 HASIBHOCTI IOMKOKEHOI TEPMiYHO-3MilJHEHOI
apMmaTypu. BcTaHOBJIEHO HECYYY 3[ATHICTb €JIEMEHTIB IIPU JOCATHEHHI MEXXi TEKY4OCTi apMaTypy Ta FPaHUYHOI
nedopmalii B Hal6inbI CTUCHYTIHN QiObpi peMOHTHOrO po3unHy. [IpoaHasnizoBaHO HaNPy>KeHO-1epOPMOBAHUIN CTaH
Ta OTPUMAHO KOMIIJIEKCHY iH(pOopMalilo Ipo pobOTy 6€TOHY I apMaTypH 10 MOMEHTY PyHHYBaHHs 3a meTofoMm LIK3.
3a nedpopMaLillHO MOJEJIIIO AiI0YMX HOPM, BUKOHAHO PO3PAaXyHOK TEOPETUYHOI HECYYOi 3TATHOCTI BiHOBIEHUX
€JIEMEHTIB Ta NOPiBHSIHHS 3 €KCIIEPMMEHTAIbLHUMU pe3yJsibTaTaMU. [IpoBelieHo aHali3 HanpyXKeHo-1e(pOopMOBaHOTO
CTaHy 3TMHaHUX €JIEMEHTIB ITiCJIg BilHOBJIEHHS CTUCHYTOI 30HU. BUKOHAHO KOMIIJIEKCHUI aHali3 HAIIPYy>KE€HO-
Ie(pOPMOBAHOrO CTaHy JJIs1 YCiX 3rMHAbHUX 3aJ1i300€TOHHUX €JIEMEHTIB IiCJIS BiJHOBJIEHHS CTUCHYTOI 30HU
0eTOHY 3a JOTIOMOT0I0 PEMOHTHOIO PO34MHY. Pe3ybTaTi 103BOININ BUSIBUTY 3aKOHOMiIPHOCTi (POPMYyBaHHS
HampyXeHsb i Jeopmaliiil ax [0 rpaHUYHOI cTafii. OTpuMaHi eKcliepuMeHTaslbHi IaHi MiTBepIKYyOTh CTabiIbHICTD
i nepen6avyBaHiCTh MEXaHIYHOI IOBEIiHKM 3Pa3KiB Ta BiANOBIAHICTh PO3PAaXyHKOBUM aHAITUYHUM MOZEJISIM.
OTpuMaHi pe3ysbTaTu NiATBEPIKYIOTh €(PEKTUBHICTD i NOLIIbHICTh METO/iB BiIHOBJIEHHS CTUCHYTOI 30HU Ta
IeeKTiB, 110 LO3BOJISIE BiITHOBUTH HECYYY 3[aTHICTh KOHCTPYKLiH [0 PiBHS, IPUAATHOTO IJIs1 IIOJAJIBIIO]
eKCIulyaTallii Ta BIPOBaJpyKEHHS B IPAKTUKY PEMOHTY 3aJ1i300€TOHHUX €JIEMEHTIB I1iCJIsl TOMIKOKEHb.
3anponoHOBaHO MifXil A0 BU3HAUYEHHS 3aJIMIIKOBUX JedopMaliill TepMiYHO-3MILIHEHOI apMaTypH MicJd
IOCSITHEHHS HEI0 MEXi TeKy4OCTi B 3a/1i300€TOHHUX 3TMHAHMX €JIEMEHTAX i3 MOJaJIbIIMM I0BTOPHUM
HaBaHTAKEHHSAM. BCTaHOBIIEHO, IO Jliarpama «HarpyXeHHs-1epopmMallis» Ipy NOBTOPHOMY HaBaHTaKE€HHI
3MilllyeThCs B3LOBXK OCi gedopmalliii, 36epiraiouu JiHiHHO-IIPY>KHY IIOBEIHKY B ME>Kax HOBOTO Jjialla3oHy
IOCSITHEHHS TEKYYOCTi, 1[0 OOYMOBJIEHO 3a/IMIIKOBUMH Je(pOopMallisiMi Ta HAKONIMYEHHSIM 3aJIMIIKOBYUX HANIPY>KEHb.
Y xomi nocnimkeHHs MeTonoM 1udpoBoi KopesaLii 3006paxeHs ynepiue 3a¢dikcoBaHO 3pOCTaHHS MeXi TEKYJIOCTi
apmarypu Ha 10-20% npu [10BTOPHOMY HaBaHTaKE€HHI, 1110 [10SICHIOETHCS €(PEKTOM AUCIIOKALiIITHOro 3MilJHEHHS Ta
peopratisaljielo BHYTPIlIHbOI CTPYKTYpH cTasli. OTpUMaHi pe3yabTaTy LO3BOJIAI0Th YTOUHUTU IIapaMETPU
nedopmMaliiiHoi Mogesni po60TH apMaTypu Npy CKIaJHOMY LMKJIiYHOMY HaBaHTAXKEHHi Ta BpDaXOBYBaTU
HaKOIWYeHU! ePeKT 3MillHEHHS BHACJIiJOK HAaKJIEMNy Y po3paxyHKax HeCcy4oi 3JaTHOCTI KOHCTPYKLii ITics
BiJHOBJIEHHS1. Y AUCepTaLiliHill po6OTi BUPIlIeHO BXKJIMBE HAYKOBO-TIPAKTUYHE 3aBJaHHS BCTAHOBJIEHHIO HECY4Oi
3IATHOCTI Ta IiliICHOTO HANPYy>KeHO-1e(OPMOBAHOTO CTAHY BiJHOBJIEHUX 3aJ1i300€ TOHHUX 6AJIOK IIpY 3alIPOBAIKEHI
METO/ly BiJHOBJIEHHS CTUCHYTOI 30HM PEMOHTHUM PO3YMHOM i METO[IiB peMOHTY e HeKTiB KOMIIO3UTHUMU
MarepiasaMy Ha OCHOBI €IIOKCUHOI CMOJIM B 3a71i306€TOHHUX 0asikax. Pe3ynbraTty goCaiIKeHb MOXYTb OyTH
3aCTOCOBAaHi B IIPaKTULli IPOEKTYBaHHS Ta BUKOHAHHSI PEMOHTHUX POOIT, 10 JO3BOJUTb CKOPOTUTHU TEPMiHU
BUKOHAHHS POO6IT, 3MEHIINTY BUTPATU HA MaTepiaju Ta peasi3allilo MPOoLeCy BifHOBIEHHS Ta MigBUIUTU

TPUBAJIICTb €KCILTyaTallii HasIBHUX )KUTJIOBUX i IPOMHUCIIOBUX 00'€KTIB.

2. Reinforced concrete structures are widely used in infrastructure construction, particularly in bridges, transport,
and industrial facilities. One of the key components is the compressed concrete zone in flexural elements, which
experiences significant loads and degrades due to aggressive environmental exposure, reinforcement corrosion,
material fatigue, and explosive actions. The failure of this zone substantially reduces the load-bearing capacity of
the structures and necessitates efficient restoration to ensure further serviceability. An experimental investigation
was carried out on the materials of RC test beams, including concrete (cubes and prisms), the repair mortar Sika
MonoTop-4012, and thermally strengthened reinforcement ASO0C. The methodology of testing flexural elements
and the restoration techniques were presented. Sixteen beams of dimensions 2100x200x100 mm were used in the
study. A restoration technique for the compressed concrete zone using Sika MonoTop-4012 was proposed, along
with defect repair methods involving composite materials compatible with the repair mortar. The beams were
tested using a single-span scheme with two concentrated loads applied in the thirds of the span, forming a "pure
bending" zone. To monitor concrete and reinforcement deformation, the Digital Image Correlation (DIC) method
was employed alongside sub-micron strain indicators. Data were recorded every second, enabling real-time
tracking of the stress-strain state under increasing loads up to failure. Tests were performed on beams restored



after damage, including those with damaged thermally strengthened reinforcement. The load-bearing capacity
was determined based on the attainment of reinforcement yield strength and the ultimate strain in the most
compressed fiber of the repair mortar. The stress-strain state was analyzed using the DIC method, providing
comprehensive data on the behavior of concrete and reinforcement up to failure. Theoretical load-bearing
capacity of the restored elements was calculated using the deformation model defined by current design codes
and compared with experimental results. The stress—strain behavior of flexural members after restoration of the
compressed zone was analyzed in detail. A comprehensive assessment of the stress-strain state was conducted for
all flexural RC elements restored using the repair mortar. The results revealed patterns in stress and strain
development up to the ultimate limit state. Experimental data confirmed the stability and predictability of the
mechanical behavior of the specimens, correlating well with analytical design models. The results validate the
effectiveness and practical relevance of the restoration techniques for the compressed zone and structural
defects, enabling the recovery of structural capacity to a level suitable for continued operation and practical
implementation in the repair of RC elements after damage. A method was proposed for determining residual
strains in thermally strengthened reinforcement after yielding in RC flexural elements followed by reloading. It was
found that the "stress-strain" curve during reloading shifts along the strain axis while maintaining linear-elastic
behavior within a new range until yield, due to residual strains and accumulated residual stresses. The DIC method
recorded, for the first time, an increase in the yield strength of reinforcement by 10-20% during repeated loading,
explained by dislocation hardening and internal structural reorganization of the steel. These findings allow
refinement of the reinforcement deformation model under complex cyclic loading, enabling consideration of the
strengthening effect from strain hardening in structural capacity assessments post-restoration. The dissertation
addresses a significant scientific and practical challenge: determining the load-bearing capacity and actual
stress—strain state of restored reinforced concrete beams using compressed zone restoration with repair mortar
and defect repair techniques employing epoxy-based composite materials. The findings can be applied in design
and repair practices, helping reduce repair time, lower material and restoration process costs, and extend the
service life of existing residential and industrial structures.
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