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Pedepar:

1. 3ani306€TOHHI KOHCTPYKIi IIMPOKO 3aCTOCOBYIOTHCS B iHPPACTPYKTYPHOMY OYIiBHULITBI, 0COOJIMBO B MOCTaX,
TPAHCIOPTHUX i IPOMUCIIOBUX 06'€eKTaxX. OJJHUM i3 KJIIOUOBUX €JIEMEHTIB € CTUCHYTa 30HA 6ETOHY B 3TUHAHUX
€JIEMEHTAX, 110 3a3Hae 3HAYHUX HABaHTAXXEHb | Ilerpazye BHACIIILOK arPECUBHOTO CEPENOBUILA, KOPO3il apMaTypH,
BTOMU MaTepiajly Ta Aiit BUOyxoBOro xapaxrepy. PyliHyBaHHS 1iiel 30HU CyTTE€BO 3HUKY€E HECY4y 3/1aTHICThb
KOHCTPYKIi#1 i noTpedye e(peKTUBHOIO BiHOBJIEHHS 11151 3a6€3e4eHHs IOAA/IbLIOI eKcIlTyaTalii. [IpoBesieHo
IOCJIiIPKEHHS MaTepiasliB HOCTiHUX 3a1i300€TOHHUX 6aJI0K, 30Kpema 6eTOHY (Ky0iB, IpU3M), PEMOHTHOTO PO3YUHY
Sika MonoTop-4012 Ta TepmiuHO-3MintHeHOi apmaTypu AS00C. HaBeeHO MeTOAUKY BUIIPOOYBaHb 3TMHAHUX
€JIEMEHTIB, a TAKOX METO/MU iX BiiHOBIeHHS. [IJ151 IOCiI>)KeHHsT BUKOPUCTaHO 16 6aok po3mipamu 2100x200x100

MM. BaHpOHOHOBaHO METOOUKY BiJ_IHOBJ'IeHHH CTI/ICHYTOi 30HU 66TOHy 3a JOTIOMOTI'0OI0 pEMOHTHOT'O PO3YNHY Sika



MonoTop-4012 Ta onucaHo MeTOY PEMOHTY A€(EKTIB KOMIIO3UTHUMU MaTepiajlaMy, 110 MPaL00Th KOMILJIEKCHO i
cymicHo i3 Sika MonoTop-4012. Bunipo6yBaHHs 3pa3KiB IIPOBOJMIIN 32 CX€MOI0 OJHOIIPOJITHOI 6ajKy i3 1BOMA
30CepeHKEHMMY HaBaHTaKEHHSIMU B TPETUHAX NIPOJIbOTY Ta YTBOPEHHS 30HU «YUCTOTO 3ruHy». s dikcanii
Iedopmalill 6eTOHy Ta apMaTypH 3aCTOCOBAHO METOJ, LU POBOi KopessLii 300pakenHs (1IK3) pasom i3 cy6-
MiKpOHHUMM iHfuKatopamu. Qikcanis faHux BifndyBasiacs MOCEeKyH Y, IO J03BOJIMIO BiICTEXYBAaTH 3MiHY
HaIpyeHo-1e(dOPMOBAHOI0 CTaHy IPU Pi3HUX PiBHSAX HAaBAaHTAKEHHS X [0 PyHHYBaHHS. BukoHaHO
BUIIPpOOYBaHHS 6aJI0K, BiTHOBJIEHUX MiCJIS [TOMIKOPKEHHS, 32 HAsIBHOCTI NOMIKOKEHOI TEPMiYHO-3MilJHEHOI
apMmaTypu. BcTaHOBJIEHO HECYYY 3[ATHICTb €JIEMEHTIB [IPU JOCATHEHHI MEXi TEKY4OCTi apMaTypu Ta FPaHUYHOI
nedopmarii B HabinbI CTUCHYTIHN GiOpi peMOHTHOrO po3unHy. [IpoaHasnizoBaHO HAIPy>KeHO-1e(POPMOBAHUN CTaH
Ta OTPUMAHO KOMILJIEKCHY iHpOopMallilo Ipo pobOTy O€TOHY I apMaTypH 10 MOMEHTY PyHHYBaHHs 3a meTosoMm LIK3.
3a nedpopMaLillHOI MOJEJIIO Ail0YMX HOPM, BUKOHAHO PO3PAaXyHOK TEOPETUYHOI HECYYOi 3TaTHOCTI BiHOBJIEHUX
€JIEMEHTIB Ta MOPiBHSIHHS 3 €KCIIEPMMEHTAIbLHUMU pe3yJibTaTaMU. [IpoBesieHO aHasi3 HanpyXKeHo-1e(pOopMOBaHOTO
CTaHy 3rMHaHUX €JIEMEHTIB ITiCJIg BilHOBJIEHHS CTUCHYTOI 30HU. BUKOHAHO KOMIIJIEKCHUI aHali3 HaIIPY>KE€HO-
Ie(pOpMOBAHOTO CTaHy JJIs1 YCiX 3rMHa/IbHUX 3a71i300€TOHHUX €JIEMEHTIB I1iCJIs BiJHOBJIEHHS CTUCHYTOI 30HU
6€TOHY 3a JOIIOMOTOI0 PEMOHTHOT'O PO3UMHY. Pe3yJIbTaTi JO3BOJIMIN BUSBUTH 3aKOHOMIPHOCTI (POPMYyBaHHSI
HarpyxeHsb i Jeopmaliiii ax o rpaHUYHOI cTafii. OTpuMaHi eKcliepuMeHTasIbHi 1aHi MiATBepIKYIOTh CTabiIbHICTD
i nepen6avyBaHicTh MEXaHiYHOI IOBEiHKM 3Pa3KiB Ta BiAMNOBIAHICTh PO3PAaXyHKOBUM aHAITUYHUM MOZEJISIM.
OTpumaHi pe3ysbTaT NigTBEPIKYIOTh €(PEKTUBHICTD i JOLIIbHICTb METOIiB BiIHOBJIEHHS] CTUCHYTOI 30HU Ta
IedeKTiB, 110 LO3BOJISIE BiTHOBUTH HECYYY 3[1aTHICTh KOHCTPYKLiH 10 PiBHS, IPUAATHOTO IJIsl IOJAJIBIIO]
eKCIulyaTallii Ta BIIpOBaJyKeHHs B IPAKTUKY PEMOHTY 3aJ1i300€TOHHUX €JIEMEHTIB I1iCJIsl TOMIKOKEHb.
3anponoHOBaHO MifXif 4O BU3HAUYEHHS 3aJIMIIKOBUX JedopMaliill TepMiYHO-3MIilIHEHOI apMaTypH NicJs
IOCSITHEHHS HEI0 MEXi TeKy4OCTi B 3a/1i300€TOHHUX 3THHAHUX €JIEMEHTAaX i3 MOJaJIbIIMM IOBTOPHUM
HaBaHTaKeHHSM. BCTaHOBJIEHO, 110 Aiarpama «HanpyXKeHHs-Jedopmaliisi» Ipyu IOBTOPHOMY HaBaHTaKEeHHI
3MilyeThCs B3IOBXK oci gedopmaliiii, 36epiraiouu JiHiMHO-IIPY>KHY IIOBEiHKY B ME>Kax HOBOTO Jliarla3oHy
IOCSITHEHHS TEKYYOCTi, 1[0 0OYMOBJIEHO 3a/IMIIKOBUMH Je(pOopMallisiMi Ta HAKONIMYEHHSIM 3aJIMIIKOBYUX HANIPY>KEHb.
Y xomi gocnimkeHHs MeToioM udpoBoi Kopesnauii 306paxkeHs ynepiue 3a¢dikcoBaHO 3pOCTaHHS MEXi TEKYJIOCTi
apmarypu Ha 10-20% 1npu [10BTOPHOMY HaBaHTa)KEHH, 1110 [10SICHIOETHCS €(PEeKTOM AUCIIOKALiITHOro 3MilJTHEHHSI Ta
peopratisalielo BHyTPIilIHbOI CTPYKTYpHU CcTasli. OTpUMaHi pe3yJbTaTy 4O3BOJIII0Th YTOUHUTU IIapaMETPU
nedopmauiriHoi Mogesi poboTU apMaTypy NPy CKIALHOMY LUKJIIYHOMY HaBaHTaKE€HHI Ta BpaxOBYBaTU
HaKONW4YeHU ePeKT 3MilIHEHHS BHACJIITOK HAKJIEIy Y pPO3paxyHKax HeCy4oi 37aTHOCTI KOHCTPYKLH ITics
BiJHOBJIEHHS1. Y AuUcepTaLiliHill po6OTi BUpIlIeHO BaXKJIMBE HAYKOBO-TIPAaKTUYHE 3aBJaHHS BCTAHOBJIEHHIO HECY4Oi
3ATHOCTI Ta JiliCHOTO HalPy>K€HO-1e(pOPMOBAHOTr'0 CTAHY BiTHOBJIEHUX 3aJ1i300€ TOHHUX 6aJI0OK IIpY 3alIPOBAKEHI
METO[ly BiJHOBJIEHHSI CTUCHYTOI 30HM PEMOHTHUM PO3UYMHOM i METOJIiB PEMOHTY e EKTiB KOMIIO3UTHUMU
MarepiajaMy Ha OCHOBI €[IOKCUIHOI CMOJIM B 3aJ1i300€TOHHUX 6ajikax. Pe3ysbTaTu NOCiIPKeHb MOXYTb OyTH
3aCTOCOBAaHi B IPaKTUlli IPOEKTYBaHHS Ta BUKOHAHHSI PEMOHTHUX POOIT, 110 JO3BOJIUTb CKOPOTUTHU TEPMiHU
BUKOHAHHS POGIT, 3MEHIINTY BUTPATU HAa MaTepiaju Ta peasisallilo NPoLeCy BifHOBIEHHS Ta MigBUIUTU

TPUBAJIICTD €KCILJTyaTallii HasIBHUX )KUTJIOBUX | 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 A500C. 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.

Jep>kaBHHHM peecTpaniiiHuii Homep iP:

IIpiopuTeTHHH HaNIpSIM PO3BHTKY HayKH i TEXHIKHU: OyHaMeHTa bHI HAyKOBI HOCIIIPKEHHS 3 HANGLIbII
Ba)KJIMBYX MPOGJIEM PO3BUTKY HayKOBO-TEXHIYHOTI0, COLiaJIbHO-€KOHOMIYHOTr0, CyCIIiJIbHO-TIOJIITUYHOTO,
JIIOACBKOTO TMOTEHLiaNy AJ1s1 3a6e3le4yeHHs KOHKYPEHTOCIIPOMOKHOCTI YKpaiHu y CBITi Ta CTAaJIoro pO3BUTKY

CYCIIiJIbCTBA i Aep>KaBy
CrpareriyHui NpiopUTETHUI HANIPSIM iHHOBaILiHHOI AiSIJIBHOCTI: He 3aCTOCOBYETHCS
ITizcyMKH AOCIiAKEHHS: HoBe BUpIlEHHS aKTyaJbHOTO HAyKOBOTO 3aBIaHHs

ITy6ostikamii:

e 1. Klym A,, Blikharskyy Y., Selejdak J., Blikharskyy Z. Strengthening and repairing the serviceability of
reinforced concrete constructions: a review // Theory and Building Practice. - 2022. - Vol. 4, N¢ 1. - P.
80-85. DOI: 10.23939 /jtbp2022.01.080

¢ 2. Klym A., Blikharskyy Y. Injection of cracks in a RC beam with epoxy resin using the gravity flow method //
Theory and Building Practice. - 2023. - Vol. 5, N2 2. - P. 85-92. DOI: 10.23939 /jtbp2023.02.085

¢ 3. Knum A. B., Brixapcekuii §. 3., Bo6ano T. B. Po3paxyHOK Hecy4oi 37laTHOCTI 3a71i306€ TOHHOI 6ayiku 3a
HasIBHOCTI IIOLIKO/I’)KEHHS CTUCHYTOI 30HU 6eTOHY // PecypcoekoHOMHI MaTepianu, KOHCTPYKLii, OyniBii Ta

CIIOPYZIM : 30ipHMK HayKoBUX Ipallb. — 2023. - Bum. 43. - C. 149-157.



e 4. Klym A., Blikharskyy Y. Methodology for the application of the digital image correlation (DIC) for
investigating RC beams // Theory and Building Practice. - 2024. - Vol. 6, N2 2. - P. 69-80. DOI:
10.23939 /jtbp2022.01.080

« 5. Kopiika N., Klym A., Blikharskyy Y., Katunsky D., Popovych V., Blikharskyy Z. Evaluation of the stress-strain
state of the RC beam with the use of DIC // Production Engineering Archives. - 2024. - Vol. 30, iss. 4. - P.
463-476. Doi: 10.30657 /pea.2024.30.44. (Scopus, kBapTuib Q2).

¢ 6. Klym A,, Blikharskyy Y., Panchenko O., Sobko Y. The analysis of the influence of damaged concrete
compression zone on the RC beam using FEM // Lecture Notes in Civil Engineering. - 2024. - Vol. 438 :
Proceedings of CEE 2023 Civil and environmental engineering and architecture, 6-8 September 2023,
Rzeszow, Poland. - P. 164-177. DOI: 10.1007 /978-3-031-44955-0_18. (Scopus, kBapTuib Q4).

e 7.Klym A., Blikharskyy Y., Panchenko O., Sobko Y., Blikharskyy Z. Load-bearing capacity of the repaired RC
beam using Sika MonoTop 4012 // Lecture Notes in Civil Engineering. — 2024. - Vol. 604 : EcoComfort and
current issues of civil engineering : 4th International scientific conference, Lviv,11-13 September 2024. - P.
212-224. DOI: 10.1007 /978-3-031-67576-8_19. (Scopus, kBapTuib Q4).

¢ 8. Klym, A., Blikharskyy, Y., Gunka, V., Poliak O., Selejdak, J., Blikharskyy, Z. An Overview of the Main Types of
Damage and the Retrofitting of Reinforced Concrete Bridges // Sustainability (Switzerland) . — 2025. - Vol. 17,
iss. 6. — 2506. DOI: 10.23939 /jtbp2023.02.085. (Scopus, kBapTuib Ql).

e 9. Knmm A. B., biiixapcbkuii £1. 3. BigHOBJIEHHS HECYY0i 3[aTHOCTI 3a/1i300€TOHHUX 6aJIOK 3 BUKOPUCTaHHAM
Sika MonoTop-4012 Mi>kHapoiHa HayKOBO-TeXHi4HA KOH(epeHLis. / / /CTpyKTypOyTBOPEHHS Ta PyHHYBaHHS
KOMITO3ULiIHUX Oy[iBEeJIbHUX MaTepiajliB Ta KOHCTPYKLIN: »: Te3u AoIlL., 23-24 kBiTHs 2024 p. M. Opneca 2024. /
OpecebKa fep>kaBHa akaieMisl Oy[liBHULITBA Ta apxiTekTypy, 2024. C. 62-66

HaykoBa (HayKOBO-T€XHiYHa) MPOAYKILiSL: MeToxH, TEOpii, rinoresn

ComniasibHO-€KOHOMIYHA CIPSIMOBAHICTb: €KOHOMIsi EHEPrOPECYPCIB; ITiIBULIEHHS TEPMiHIB eKCIuTyarauii

OyHiBeJIbHUX KOHCTPYKLil

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBaakeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'S130K 3 HaYyKOBHMH TeMaMH: 0124U003830

VI. BizoMocTi Npo HayKOBOT0 KEPiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

Biacue IlpizBuuie Im's I1o-6aThKOBI:
1. biixapcekuit SIpocias 3iHOBIMOBUY

2. Yaroslav Blikharskyi

KBasigikanis: n. 1. 1., nou,, 05.23.01

InenTudikarop ORCHID ID: 0000-0002-3374-9195

JoparkoBa indpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHINYHOI 0COOM: Hanjonanbuuii yHiBepcutet "JIbBiBCbKA MOMTiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: sy Crenana Banzepu, 6y, 12, JIbsis, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu



InenTudikarop ROR:

CeKTop HayKH: YHiBEepCUTETCHKUI

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH
BaacHe IlpizBume Im's I1o-6aThKOBI:

1. )KypaBcbkuit Onexkcanup JIMUTpoBUY

2. Oleksandr Zhuravskyi

KBasigikamis: n. 1. n., npodecop, 05.23.01
InenTudikarop ORCHID ID: 0000-0001-7065-3312
JoparkoBa iHdpopmamnist:

IToBHE HafIMeHYBaHHH IOpl»I,ILI/I‘IHOi 0COOM: KuiBChKUIl HALIIOHAIbHUI yHiBepcuTeT Oy[iBHULITBA i

apxiTekTypu

Kog 3a €IPIIOY: 02070909

Micqesﬂaxon)KeHHH: npocrekT [losiTpsauux cui, 6y, 31, Kuis, 03037, Yxpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. Aupgpintuyk Osiekcanzap BaneHTnHOBHUY

2. Oleksandr Andriychuk

KBasigikanis: k.r.u., nouenr, 05.23.01

InenTudikarop ORCHID ID: 0000-0002-6275-097X

JoparkoBa indpopmamnis:

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: JlyLpKuil HALOHAJILHUIA TEXHIYHMIA YHiBEpCUTET
Kog, 3a EIPIIOY: 05477296

Micue3Haxoa>KeHHSI: By JIbBiBCchbKa, 6y11. 75, JIylbK, JIyupkuii p-H., 43018, Vkpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBEPCUTETCHKUI

PeuenseHTu



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. BamkeBu4 PocTtuciaB BitasniiioBug

2. Rostyslav Vashkevych

KBasigikanis: .1.1., gou,, 05.23.01

ImenTudikarop ORCHID ID: 0000-0001-9962-7580

JoparkoBa iHdopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBiBCbKA NOTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micuesnaxo,zm(eﬂnﬂ: ByJ. Crenana Bangepw, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETCHKUI

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Berepa I1aBsio IBaHOBMY

2. Pavlo Vehera

KBasigikamis: . 1. 1., nou,, 05.23.01

ImenTudikarop ORCHID ID: 0000-0002-3437-1825

JoparkoBa iHdpopmamist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIUYHOL 0C00H: HaujionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTiITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micqesﬂaxon)KeHHﬂ: ByJ. Crenana Bangepwy, 6yz. 12, JIbgis, 79013, Ykpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3ak1104Hi BiZOMOCTI
BiacHue Ipizsume Im'st [To-6aTbKOBI Xminb Poman €BreHoBuY

TOJIOBH pajgu

Biiacue IlpisBume Im's Io-6aThKOBI Xmizb Poman €BreHosuy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUM 32 MiATOTOBKY Mapymak YyisiHa JIMuTpiBHa

00JIiKOBHX JOKYMEHTIB



PeecTtpaTop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OistJIBHOCTI




