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Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA JOCIIPKEHHIO HECYUO]i 3IaTHOCTI 3aJ1i300€TOHHUX OAJIOK 3 MOIIKOIPKEHHSIMU
po6040i apMaTypH, SIKi NifCUIIOBAINCh KADOOHOBUMU CTPidKaMU. B po6OTi eKCIepUMEHTAIbHUM IJISIXOM
[IpoaHa’li3oBaHoO e(peKTUBHICTb 3aCTOCYBaHHS KapboHOBUX cTpidok Sika Carbodur S512 11 BifHOBJIEHHS HECY4Oi
3/1aTHOCTI 3aJ1i300€TOHHUX 0aJIOK 3 Pi3HUM CTyII€HEM IOIIKO)KEHHS TEPMiYHO3MIlITHEHOI po6040i apMaTypH.
Koposiiini nomkomkeHnHs apmatypu @20 ASO0C pisHOro cTyneHs 6yj10 3MOAe/1b0OBaHO IPOTOYYBAHHSIM 10
niameTpiB 18, 16, 14, 12 MM, 10 1O3BOJIMJIO OLiHMTH BIUIMB I CUJIEHHS HA HECYYy 3[aTHICTb i TepOpMaTUBHICTD
3pasKiB 3 BTpaTolo njoui apmarypu Ha 20%-65%, BianosigHo. ExcriepuMeHTasnbHi 1OCiI>KeHHS IPOBOJUIIUCS 3
BHMKOPHCTaHHSIM METOAMKY HU(PPOBOi KopeLii 306paxeHs (LIK3) 3 napanesnbHUM BUMIPIOBaHHSIMY i3
3aCTOCYBaHHSIM CyO-MIKpOHHUX iHAMKATOPIB. Y BCTYIIi OGI'PYHTOBAHO aKTyasIbHICTb, META i 3a71a4i JOCIiIKEHb,

3arajibHa XapakTepUCTHKa Ta HayKOBa HOBM3HA i IPaKTUYHA L[iHHICTh poboTu. B po3zisni 1 nposeneHo aHati3



NonepenHix AOCIiIKeHb y ranysi BilHOBJIEHHS Ta MifCUJIEHHS 3aJ1i300€ TOHHUX KOHCTPYKIIill, BAKOHAHUX $IK B
YkpaiHi, Tak i 32 KOpJJOHOM. JleTajbHO TPOAHaJi30BaHO OCHOBHI MeXaHi3MM MONIKOIKEHHS 3a1i300€ TOHHUX
€JIEMEHTIB, 30KpeMa KOPO3ilo apMaTypHOI CTajli — HaWNOUWMPEHIlTy [IPUYMHY 3HWKEHHS IXHbOI HECY4YOi 3IaTHOCTI.
PosrisiHyTO icHYI04I MigXoay A0 MifCUIeHHS MOWKOIKEHNX €JIEMEHTIB, Cepell IKMX TPaiuLiiiHi METOAN
PEKOHCTPYKIiI OMTOBHEHI CYyYaCHUMU PilIEHHAMU Ha OCHOBI KOMIIO3UTHUX MaTepiasliB. AKIIEHTOBAHO yBary Ha
IIMPOKE BIIPOBAI)KEHHSI KAPOOHOBUX CTPIYOK, 5IKi JEMOHCTPYIOTh €(DEKTHBHICTh Y BilHOBJIEHHI QYHKLiOHAIBHOCTI
KOHCTPYKLi# 3 MiHIMaJIbHUM BTPY4YaHHSIM Y IXHIO reomeTpito. OKpeMa yBara npujisieHa HefiojrikaM TpaguLiiHol
IiarHOCTUKY Ta niepeBaram 11K3, skuii 3a6e3nedye BUCOKY TOYHICTh, aBTOMATU30BaHU 36ip JaHWX i MpUIaTHICTh
L7151 TIOBHOPO3MIipHUX eJleMeHTiB. Po31iin 2 onmcye po3pobiieHy eKcriepruMeHTalbHy MeTonuKy. [Iporpama
BUIIPOOYBaHb OXOILUIIOE 6aJIKK 3 [IOLIKOIKEHOI apMaTypoto, 6eToHHi pusmu (600x150x150 MM) Ta KyOUKU
(150x150%150 MM) IJ1s1 OLIIHKY XapaKTePUCTUK 6eToHYy. Ha OCHOBI BUIIPOOYBAaHHS TPU3M T100Y10BAaHO MOBHY
Iiarpamy nedOpMyBaHHS 3 HU3XiJHOIO BiTKOIO, 110 6YJI0 AOCITHYTO 3aBISKU 3aCTOCYBaHHIO METOAY LU(POBOi
Kopeauii 306paxens (1JK3). MeTonuka undposoi kopersLii 3o06paxkeHs (LIK3) BjockoHaseHa MIsXxoM BU3HAUYEeHHS
ONTUMAaJIbHUX NIapaMeTPiB CIeKJIa (ONTUMAaJbHUX CIiBBiIHOLIEHb PO3MIipiB Kpanok, iX LIiJILHOCTI i BapiaTUBHOCTI),
110 3a0€3I1eYnsI0 TOYHE Ta CTabibHe BiICTEXXEHHS AedopMalliil Ha IOBEPXHi 6eToHy. KpiM TOro, po3mmpeHo METOS
K3 nuissxoM BUKOPUCTAHHS Pi3HUX MiXOAiB 0 MiATOTOBKY OCIIiIKYBaHOI [IOBEPXHi: 3 6e3rocepeiHiB
HAaHECEHHSM CIIEKJIy i ITyYHUMHU MapKepamy, 110 3a6e3I1eYnsIo MifBUIlleHy aallTUBHICTb Y BUBHAUEHH] TapaMeTpiB
HaMpyXeHo-Ae(pOPMOBAaHOro cTaHy. KomniekcHU migxif, 1o BUMipIOBaHHS - i3 mapajebHUM 3acTocyBaHHsIM LIK3
Ta Cy6-MiKpOHHUX iHIMKATOPIB — 3a6€311€e4rB BUCOKOTOUHY (iKcallilo Hallpy>KeHO-1e()OPMOBAHOTO CTaHY
IOCJiIHUX eJIEMEHTIB y peasibHOMY 4aci. Oco61Ba yBara npuzijsieHa po3po0ii MeTOAUKY MifculeHHs i3
3acrocyBaHHsAM Sika Carbodur S512 3 06IPyHTOBaHOIO CXEMOIO AaHKEPYBaHHS, SIKa 3a6€311e4ye CyMiCHY PO6OTY
Marepiaiy 3 eJIeMEHTOM i 3a1106irae BifmapyBaHHIO. Y po37iii 3 mogaHo pe3yabTaTi BUIIPOOYBaHb: BUBHAYEHO
dizuKo-MexaHiyHi xapaKTepUCTHUKU OETOHY, IIOBEiHKY 6aJIOK [10 ¥ Micyis MificueHHs. YCTaHOBJIEHO, 10 [IpY BTPaTi
nsouli apMartypu 1o 360% KapOOHOBI CTPiYKY IIOBHICTIO BiTHOBJIIOIOTh HECYYY 3[1aTHICTh, & IIPU YIIKOAKEHHSIX 10
640% — HoCSraeThCsl YaCTKOBE BiTHOBJIEHHS Ha piBHI 79-950%. MakcumanbHuil epekT 3adikcoBaHO y 3paskax 3 @12
MM. [Iporunau 3meHmnanCy Ha 14-320%, a 3ruHaNbHMUY MOMEHT JOCSraB TPAHNYHOrO IPOTUHY Y 2 pa3y Mi3HilIe.
Ctyninb BUKOpUCTaHHS KOMIIO3UTy — 76-840% (3a FIB Bulletin), mo cBigunuTh npo ioro epeKTUBHICTh. BinxuaeHHs
Mmix 1IK3 Ta TpaguuiiHIMu METOJaMu — He 6isbie 5-70%, 110 NigTBepIyKye HaAifHICTh MeTony. Y po3aii 4
3aIIPOIIOHOBAaHO PO3PAXYHKOBY METOAMKY OIiHKM HECY4oi 3IaTHOCTI IMOMKOKEHUX i MifcruieHnx 6aI0K 3TigHO
OCTY B B.2.6-156:2010 Ta IBH B.2.6-98:2009. 3anponoHOBaHO BUKOPUCTaHHS AedopMamiitHOI Momemti, mo
BpPaxoOBy€ HEOJHOPINHICTh XapaKTEPUCTUK apMaTypH Y IIONIEPEYHOMY TI€pPEePi3i, 4epe3 3aCTOCYBaHHS PerpeciiHoi
MogeJli MeXi TeKy4oCTi y popMi piBHSIHHS BosblimaHa. [IpoBeieHO MOPiBHSIHHS PO3PaxyHKOBUX Ta
€KCIIEPUMEHTAJIbHUX JaHUX: BIIXUJIEHHS MOMEHTIB TEKYYOCTi Ta TPAHUYHOI HECYYOI 3IaTHOCTI HE [E€PEBUILYIOThH
150%. Lle ninTBepKye O6IPYHTOBAHICTh HOPMATUBHUX MiIXOiB i HAsSBHICTh KOHCTPYKTHUBHOTIO 3amacy. AHai3
IIPOTMHIB i Aedopmalliil 3aCBiYuUB, 10 TEOPETUYHI MOJIEJi aleKBaTHO ONUCYIOTh IIOBEiHKY 0aJIOK 0 PYWHYBaHHS
6eTOHy, X04a IiCJIsl IbOTO eKCIIEPUMEHTAJIbHI IPOTMHY JIello epeBUIyBaIl PO3PaxyHKOBI (10 150%). BogHovac,
daxTnyuHi gedopmanii KOMIO3UTHOI CTPIUKY Oy MEHIIMMU 32 TeopeTuyHi Ha 120%, mo ninTBepaxye il epekTusBHy
pobOTY B yMOBax IifiBUIleHUX HaBaHTaXeHb. KpiM Toro, 3adikcoBaHa BUCOKA TPIIMHOCTINKICTb MiCUIEHUX
3pasKiB. 30ir MiX eKCIIEpUMEHTAJIbHUMU Ta PO3PAXYHKOBUMU Pe3yJIbTaTaMU B YaCTHHI TPIlIMHOYTBOPEHHS
IiATBEpAUB NOLiNIbHICTh BUKOPUCTAHHS PO3pO6JIEHOI perpeciiHoi MoJiei 1J1sl OL[iHKY TOIIKO/IPKEHUX KOHCTPYKIIiH.
2. The dissertation investigates the bearing capacity of reinforced concrete (RC) beams with corrosion-damaged
reinforcement, strengthened using carbon fibre-reinforced polymer (CFRP) tapes. The study experimentally
evaluates the efficiency of Sika Carbodur S512 composite tapes in restoring the load-carrying capacity of RC beams
with varying degrees of damage to hardened @20 mm A500CS steel bars. The damage was simulated by grinding
the reinforcement to diameters of 18, 16, 14, and 12 mm, corresponding to a 20-65% loss of cross-sectional area.
The experimental investigation involved digital image correlation (DIC) and sub-micron indicators to capture
strain and deflection with high accuracy. The introduction outlines the relevance, goals, and objectives of the
study, emphasizing its scientific novelty and practical significance. Chapter 1 presents a literature review of



methods for repairing and strengthening RC structures in Ukraine and internationally. The mechanisms of
reinforcement corrosion, including section loss, bond deterioration, and cracking, which compromise structural
integrity, particularly in aggressive environments are described. Conventional and advanced strengthening
strategies are reviewed, highlighting the advantages of CFRP materials such as high strength, corrosion resistance,
and ease of installation. The effectiveness of reinforcement techniques is shown to be highly dependent on
accurate condition assessment, and the DIC method is proposed as a promising non-destructive tool for real-time,
full-field strain monitoring. Its global applications, benefits—such as automated data collection and suitability for
full-scale specimens—and integration with advanced diagnostics are discussed. In Chapter 2 the experimental
methodology was described. The test program included 12 full-scale RC beams with reinforcement reduced to
diameters ranging from 18 to 12 mm to model progressive corrosion. Additionally, 9 concrete prisms (600x150x150
mm) and 15 cubes (150x150x150 mm) were cast to evaluate concrete mechanical properties. The DIC method was
enhanced through optimization of speckle pattern parameters and surface preparation techniques (direct
application and artificial markers), ensuring stable deformation tracking on concrete surfaces, even for large
specimens. Sub-micron indicators were used in parallel with DIC for redundancy and increased accuracy. This
dual approach enabled precise real-time monitoring of the stress-strain behaviour of beams up to failure. Special
attention was given to the strengthening technique with Sika Carbodur S512 tapes, applied with a validated
anchorage layout to ensure composite-concrete compatibility and prevent premature debonding. Chapter 3
presents experimental results for both concrete and full-scale beams. The enhanced DIC method provided detailed
stress—strain diagrams. For beams with up to 36% reinforcement loss, CFRP strengthening fully restored or even
exceeded original capacity. For beams with up to 64% loss, partial recovery was achieved (79-95% of original
capacity). The most substantial gains were observed in beams with the greatest initial damage (12 mm).
Comparative analysis showed that CFRP strengthening reduced deflections by 14-32% compared to
unstrengthened specimens and doubled the load-carrying capacity at ultimate deflection. Composite utilization
efficiency reached 76-84% (FIB Bulletin), confirming effective performance under elevated loads. Deviation
between DIC and traditional measurement methods remained within 5-7%, validating the reliability of DIC as a
monitoring tool for strengthened structures. Chapter 4 introduces a methodology for calculating the load-bearing
capacity of damaged RC beams based on a deformation model aligned with DSTU B V.2.6-156:2010 and DBN V.2.6-
98:2009. A key feature is the incorporation of a regression-based yield strength model using the Boltzmann
equation to reflect cross-sectional heterogeneity in corroded reinforcement. Experimental and theoretical results
showed close agreement, with deviations under 15%, thus confirming the reliability of existing design codes and
the embedded safety margins. Analysis of deflection and strain patterns revealed that theoretical predictions
accurately described beam behaviour up to concrete failure, though experimental deflections exceeded calculated
values beyond this point by up to 15%. For CFRP strips, actual strains were lower than theoretical estimates by up
to 12%, indicating high effectiveness of the strengthening system. Crack development analysis confirmed improved
crack resistance in strengthened beams. The agreement between observed and predicted cracking patterns
validated the application of the developed regression model in structural design. The findings support the use of
CFRP and DIC in restoring the safety and serviceability of corrosion-damaged RC members and can inform future
codes, diagnostics, and rehabilitation strategies.
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3B'A30K 3 HAYKOBHMH TeMaMH: 0121U109498

VI. BizomocTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Brixapcekuii SIpocnas 3iHOBIMOBUY

2. Yaroslav Blikharskyy

KBasigikanis: x. 1. 1., nou,, 05.23.01



InenTudikarop ORCID ID: 0000-0002-3374-9195

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI 0COOHU: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOMTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicneSHaXO;pKeHHﬂ: ByJ. CrenaHa Bangepu, 6yz. 12, JIbsis, 79013, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VII. BigomocTi npo odilifiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiuiiiHi OIOHEHTH
Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. I'punboBa Ipuna IBaHiBHA

2. Iryna Grynyova

KBasigikamis: . t. u., gou., 05.23.01

InenTudikarop ORCID ID: 0000-0001-7637-6029

JoparkoBa indpopmamnist:

IToBHEe HafIMeHyBaHHS[ lopn,rmquoi 0C00H: Onecbka Iep>kaBHa akafieMist Oy[liBHULITBA Ta apXiTeKTypU
Kopg 3a €IPIIOY: 02071033

Micuesnaxo,r.pKeHHﬂ: ByJ1. JigpixcoHa, 6yz. 4, Oneca, 65029, Vkpaina

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. AsizoB Tanar Hypezninosud

2. Taliat Azizov

KBasigikanis: .1r.1., npodecop, 05.23.01
InenTudikarop ORCID ID: 0000-0001-9621-9805
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPUAHUYHOI OCOOHM: YMaHCHKUIl IeP)KABHUII [I€/JaTOTIYHMIA YHIBEPCUTET iMeHi

[TaBna TuunHU
Kopg, 3a €IPIIOY: 02125639
Micue3Haxoa>KeHHS: By Canosa, 6yi1. 2, YMaHb, YMaHChKUiA p-H., 20300, Ykpaina

dopma BracHOCTI: JlepxaBHa



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. Byna Cepriit CrenaHoBu4

2. Serhii Bula

KBasgigikanis: x.r.u., mou., 05.23.01

ImenTudikarop ORCID ID: 0000-0002-0607-5324

JoparkoBa indpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa Bangepu, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. [lapuera borgax 3iHOBIOBUY

2. Bogdan Z. Parneta

KBasigikamis: . t. u., gou., 05.23.01

InenTudikarop ORCID ID: 0000-0002-2696-2449

HoparkoBa indopmamnist:

IToBHe HafIMeHyBaHHﬂ IOPUIHUYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJs. CrenaHa banzepuy, 6yz. 12, JIbBiB, 79013, YkpaiHa
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InmenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
Bsacue IlpisBume Im'st [To-6aThKOBI [lTsane Tapac MuKosanoBir

TOJIOBH pagu

Bsacue IlpisBume Im'ss [To-6aTbKOBI [lTHans Tapac MuKoIaHoBITY

rOJIOBYIOYOTO Ha 3aciJaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

Mapymaxk YngnHa JIMutpiBHa

VKpIHTEI

FOpuenko TetsHa AHaToJiiBHA



