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1. Inceprariist npuCBsSYeHa SOCTIIKEHHIO HAIIPYy>KeHO-11e(OPMOBAHOTO CTaHY IiICHUIEHNUX 3aJ1i300€ TOHHUX TPYO Ta
BIIOCKOHAJIEHHIO METOZB X MilCUJIEHH. Y niepuomy po3fisni «CTaH Ta aHasli3 OCHOBHUX METOIIB BiJHOBJICHHS
HECY40i 34aTHOCTi BOJOINPOIYCKHUX 3aJ1i300€TOHHUX TPY0» MPOBEIEHO KOMILJIEKCHUI aHaJli3 TEXHIYHOTO CTaHy
BOJIOIIPOITYCKHUX 3aJ1i300€ TOHHUX TPYO Ha aBTOMOOINIbHUX i 3a/1i3HUYHUX J0porax YKpaiHUu Ta CUCTEeMaTU30BaHO
OCHOBHi YMHHUKY, 1J0 3yMOBJIIOIOTb iX IIOLIKOKEHHSI. BcTaHOBIIEHO, 10 61M3bKO 27 % BOJONPOITYCKHUX TPYO
MaloTh HEJONYCTHMI AedeKkTu. HaBeneHo orisy, iCHylouMX METOZiB OL[iHIOBaHHS TEXHIYHOT'O CTaHy TPYO i
Kky1acu@ikalilo CTYIEHIB iX eKCIITyaTalillHOI IPUIATHOCTI. PO3IJIsSIHYTO Cy4acHi iHK€HepHO-KOHCTPYKTABHI METOI1
IiZICMJIEHHS Ta BiHOBJIEHHS 3aJ1i300€TOHHUX TPYO, 3 aKLJEHTOM Ha iX nepeparax i He[101ikax, 1110 J03BOJINIIO
BUSIBUTU [1I€PCIEKTHUBHI HANIPSIMU 7151 YO,OCKOHAJIEHHS TeXHOJIOTIH. ¥V npyromy po3spisni «Po3BUTOK i po3pobka
METO/IiB NiJIBUILIEHHS HECYYOi 34aTHOCTI MOMKO/KEHUX 3a71i300€TOHHUX TPY0» BUKJIA[IEHO TEXHIYHE
OOIPYHTYBaHHS Ta BIOCKOHAJIEHHSI KOHCTPYKTUBHUX PillleHb AJIs MiTCHUIeHHSs 3aJ1i300€TOHHUX TPYO i3 MeTOI0

MiJBUILIEHHS IXHbOI HECYUOi 3TaTHOCTI Ta JOBrOBiYHOCTI. 3alIPONIOHOBAHO BIOCKOHAJIEHHSI METOlY TiJIb3yBaHHS



IIJISXOM JO/IaBaHHS IPOCTOPOBOTO apMaTypPHOIO KapKacy, 110 3abe3nevye piBHOMIpHUIN PO3IIOJIijl HABAHTAKEHS i
3MEHIIEeHHs JIOKalIbHUX AedopMaLiil. Po3po6ieHO TeXHOIOr 0 iH'eKTyBaHHS [J1s BifHOBJIeHHS AedeKTHUX TPyD 6e3
3MEHILIEHHS IXHbOI IIPOIYCKHOI 30ATHOCTI. JleTaJIbHO ONKCAHO OCiLOBHICTh BUKOHAHHS ITiICUJIEHHS 32 KOXKHOIO i3
TexXHOJIOriN. OOIPYHTOBAHO BUOIp reOMETPUYHUX ITapaMeTpiB TPy6 i MaTepialiB AJ1sl NOJAJIbIINX JOCIIKEHb, a
TaKOX PO3IVIIHYTO 3aXUIEHI TaTeHTaMU iIHHOBALilHI pillleHHs, 1110 MalOTh [IEPCIIEKTVBY BIPOBAIPKEHHS B IPAKTUKY
PEMOHTY BOZOIIPOIyCKHUX TPy Ha aBTOMOOIJIbHUX i 3a/liBHUYHUX LUIsIXaX. Y TpeTboMy po3aifi «TeopeTuune
IOCJiIKEHHS Hallpy>KeHO-1,e(OPMOBAHOTO CTaHy IiICUIEHUX 3a/1i300€ TOHHUX TPYy0» IIPOBELEHO TEOPETUYHE
OLIiHIOBAaHHSI HANIPYyXeHO-1e(OPMOBAHOTO CTaHY MiICUIEHUX 3a1i300€ TOHHUX TPYO i3 BUKOPUCTAHHSIM METOLY
CKIHUEHHUX €JIEMEHTIB 1 yIOCKOHAJIEHOI MaTeMaTUYHOI Mogeri. [IpoBeeHe 4nCcI0Be MOJEIIOBAHHS 1O3BOINIIO
BCTAHOBUTHU 3aKOHOMIiPHOCTI po3noginy nedopmaliiil i Hanpy>XeHb s Tpyo 6e3 NifcuieHHs, MiJCUIeHUX METOLIOM
riyib3yBaHHS Ta FiJIb3yBaHHSIM 3 apMaTypHUM KapkacoM. [1o6yfoBaHa MOJieJlb JO3BOJISIE BDAXOBYBATH BILIUB 5K
CTaTUYHUX HABAHTAXXEHb, TAK i TEMIIEPATYPHOTO BIUIMBY CEPENOBUIIA, 1110 3a0e3Medye KOMIIJIEKCHY OLiHKY POOOTH
TPYO Y peanbHuX eKCIlyaTaliiHux ymMmoBax. BusHaueHo 3HaueHHs nedopMalliil Ta Hallpy>KeHb, BUSIBJIEHO 30HU
KOHILIEHTpALlii Hallpy>KeHb Ha Me’KaxX KOHCTPYKUIMHMX MaTepialiB. Y 4eTBepTOMY po3zii «ExcriepuMeHTanbHa
BepuQikallis HanpyxeHo-1e(OpMOBAHOTrO CTaHy MiICUJIEHUX 3a1i300€TOHHUX TPYO» PO3IJISIHYTO
eKCIepUMEeHTAaJIbHI IOCTiIKeHHS, TPOBEIeHi IJIs1 OL[iHIOBaHHS €(eKTUBHOCTI METOMIB MiICUIEHHS 3213006 TOHHUX
Tpy6. OnrcaHo NpoBeJeHHs BUIPOOYyBaHb Ha 3pa3Kax TPYO, MilCUJIeHUX Pi3HUMU METOJAMU, TAKUMHU SIK
rizib3yBaHHS, [iJIb3yBaHHS 3 JOJABAaHHSIM apMaTypHOro KapKacy Ta iH'eKTyBaHHS €IOKCUAHO0 cymimmo. Po3zin
BKJIIOYA€E JI€TaJIbHUI ONMC METOIUKY NIPOBEIEHHS NOCTiIKeHb, BUOOPY 3pa3KiB i BUKOPUCTOBYBAHUX TEXHIUHUX
3aco06iB Ta MeTOiB BUMipIoBaHb. 3a pe3yJibTaTaMi €KCIIEPUMEHTIB OLIiHEHO HallpyKeHO-AedOpMOBaHU CTaH TPyo
3a YMOB Pi3HUX THUIIiB HABAaHTAXXEHB i MiZICUIeHHS. BcTaHOB/IEHO, 1[0 HAM6iIbILI HAIPY)KEHHS BUHUKAIOTh Y
BE€PTUKAJIbHOMY HaNPSMKY TpyoOu. [IoBHe pyliHyBaHHS 3a/1i300€TOHHUX TPYO MiICUIEHUX METOIOM TijIb3yBaHHS
IpOXOaUThb IpU fedopmMalisx Ha 12 % Bumux, 3a jedopmariii mpu sIKUx pyHHYyeTbCS 3a1i300eTOHHA Tpyba 6e3
IifICUJIEHHS, a 17151 3a1i300€TOHHUX TPYO MifICUIEHUX METOJIOM TijIb3yBaHHSI i3 BUKOPUCTaHHSIM apMaTypHOTo
KapKacy BeJm4MHa fedopmaliil ckiaagae 44 % ta 6 % - 1j1s iH'eKUiliHOro MeToy. MeTo[, Tinb3yBaHHS 103BOJISIE
30L/IBIIMTY HECY4Yy 3[JaTHICTb 3a1i300€TOHHUX TPYO Ha 28 %, rifib3yBaHHs 3 JOLABaHHIM apMaTypHOTo Kapkacy — Ha
39 %, a in'exTyBaHHS - Ha 34 %. MakcuMasbHa pisHUL Aedopmalliil TOPiBHIHO 3 TaHUMU €KCIIepUMEHTAJIbHUX
BUIIPpOOYBaHb He nepesuinye 10 %, 1m0 CBiIYMTb PO BUCOKY TOYHICTb Ta HAAiMHICTh IPONIOHOBAHUX METO/IB AJIs1
IifcrUIeHHs Hecy4oi 30aTHOCTI 3a1i300€TOHHUX TPy0. Ha OCHOBI OTpUMaHUX JaHUX IPOBEIEHO MOPIBHSIbHUI
aHasi3 epeKTUBHOCTI 3aITPOTIOHOBAHUX METOJIiB MiICUIEHHS, IO I03BOJISIE 3DOOUTU BUCHOBKY MO0 MOIITbHOCTI
3aCTOCYBAHHS KOXXHOT'O 3 METO[IiB Y Pi3HMX YMOBaX eKCIlIyaTallii. AHajli3 eKOHOMIYHOiI e(DeKTHBHOCTI I10Ka3aB., 1110
IiICUJIEHHS 3a/1i300€ TOHHUX TPY0 € €KOHOMIYHO JIOLiJIbHOIO aJIbTEPHATUBOIO [10BHIl 3aMiHi KOHCTPYKLil. ¥V po3aisni
BU3HA4YEHO HaN6ibLl e(PeKTHUBHI TEXHOJIOTII MiICUIEHHSs TPYO, @ TAKOXK PO3TJISIHYTO IMTAHHS €EKOHOMIUHO]
IOLJIBHOCTI BIIPOBA)KEHHS KOXXHOIO 3 MeTOAiB. [IpoBeeHO NOPiBHAIBHUY aHAai3 BUTPAT Ha IiICUJIEHHS Ta
3aMiHy Tpy®O, 110 03BOJIsI€ 3DOOUTU BUCHOBKY 1[O/I0 TOTO, SIKi METOZIY € HAaNOI/IbII BUTITHUMHU 32 YMOB OOMEXKEHUX
(diHaHCOBUX pecypciB. BUCBIT/IIEHI €EKOHOMIUHI IIepeBaru BiHOBJIEHHS TPY0, 30KPEMA, 3 TOUKHU 30pYy 3HUKEHHS
BUTPAT HA iX 3aMiHy.

2. The dissertation is dedicated to the investigation of the stress-strain state of strengthened reinforced concrete
pipes and the enhancement of strengthening methods. The first chapter, "Condition and Analysis of Major Methods
for Restoring the Load-Bearing Capacity of Reinforced Concrete Culvert Pipes" presents a comprehensive analysis
of the technical condition of reinforced concrete culvert pipes on automobile roads and railways in Ukraine and
systematizes the main factors causing their damage. It was established that approximately 27 % of culvert pipes
have unacceptable defects. The chapter provides an overview of existing methods for assessing the technical
condition of pipes and a classification of serviceability levels. Modern engineering and structural methods for
strengthening and restoring reinforced concrete pipes are considered, with an emphasis on their advantages and
disadvantages, which made it possible to identify promising directions for technological improvement. The second
chapter, "Development and Improvement of Methods for Enhancing the Load-Bearing Capacity of Damaged
Reinforced Concrete Pipes" presents the technical justification and improvement of structural solutions for the



strengthening of reinforced concrete pipes to increase their bearing capacity and service life. An improved
sleeving method is proposed, involving the addition of a spatial reinforcement cage, which ensures a uniform load
distribution and reduces local deformations. A grouting technology is developed for restoring defective pipes
without reducing their hydraulic capacity. The sequence of strengthening works for each method is described in
detail. The selection of geometric parameters and materials for further research is substantiated, and patented
innovative solutions with practical implementation potential in culvert pipe repair on roads and railways are
reviewed. The third chapter, "Theoretical Study of the Stress-Strain State of Strengthened Reinforced Concrete
Pipes" presents a theoretical evaluation of the stress-strain state of strengthened reinforced concrete pipes using
the finite element method and an advanced mathematical model. Numerical modeling revealed patterns in the
distribution of stresses and strains for unstrengthened pipes and pipes strengthened by sleeving and sleeving with
reinforcement cages. The developed model accounts for both static loads and environmental temperature effects,
enabling a comprehensive evaluation of the pipes under real operating conditions. The values of stresses and
strains were determined, and zones of stress concentration at the interfaces of construction materials were
identified. The obtained results confirm the efficiency of the improved strengthening methods and can be used for
further optimization of structural solutions and the selection of repair materials. The fourth chapter,
"Experimental Verification of the Stress-Strain State of Strengthened Reinforced Concrete Pipes" presents
experimental research conducted to evaluate the effectiveness of various strengthening methods. Tests were
performed on pipe samples strengthened by sleeving, sleeving with reinforcement, and injection with an epoxy
mixture. The chapter includes a detailed description of the experimental methodology, sample selection, technical
equipment, and measurement methods. Based on the experiments, the stress-strain state of pipes under different
types of loads and strengthening was evaluated. It was found that the highest stresses occur in the vertical
direction of the pipe. Complete failure of reinforced concrete pipes strengthened by sleeving occurred at strains 12
% higher than those at failure of unstrengthened pipes. For pipes strengthened by sleeving with reinforcement, the
strain increase reached 44 %, and for the injection method - 6 %. The sleeving method increased the load-bearing
capacity by 28 %, sleeving with reinforcement - by 39 %, and injection - by 34 %. The maximum deviation between
theoretical and experimental results did not exceed 10 %, indicating high accuracy and reliability of the proposed
strengthening methods. Based on the results, a comparative analysis of the effectiveness of the proposed
strengthening methods was conducted, allowing conclusions regarding the applicability of each method under
various operational conditions. An economic efficiency analysis demonstrated that strengthening reinforced
concrete pipes is a cost-effective alternative to complete replacement. The chapter identifies the most effective
strengthening technologies and addresses the economic feasibility of each method's implementation. A
comparative analysis of the costs of strengthening versus replacement was conducted, allowing for conclusions on
the most cost-effective methods under conditions of limited financial resources. The economic benefits of pipe
restoration, particularly in terms of reduced replacement costs, are highlighted.
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KBasigikamis: n. 1. n., npodecop, 05.15.04

InenTudikarop ORCID ID: 0000-0003-4921-4758

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: YKpaiHChKMIL ePKAaBHUII YHIBEDCUTET HAYKH | TEXHOJIOTII
Kopg 3a €IPIIOY: 44165850

Micueanaxo;perHﬂ: ByJL. JlazapsHa, 6yn. 2, JIHinpo, JHinposcbkuil p-H., 49010, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tapkyma Mukosa BacuinboBuy

2. Mykola V. Harkusha

KBasidikamis: . r. u., gouenr, 05.22.11

InenTudgikarop ORCID ID: 0000-0002-5388-0561

JoparkoBa iHdpopmamuist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHMil TPAHCIIOPTHHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 02070915

Micuesﬂaxo,rm(eHHﬂ: ByJ. M. OMengnoBuya-IlaBnenka, 6ya. 1, Kuis, 01010, Ykpaina
dopma BiracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacwue IlpizBumie Im's I1o-6aTbKOBI:
1. MenbHUK Irop BosmogumuposBuy

2. Ihor Melnyk

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

ImentTudikarop ORCID ID: 0000-0002-7702-1083

JoparkoBa iHdpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuTeT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

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

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepCcTBO OCBiTH i HayKU YKpaiHu



InenTudikarop ROR:

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:

1. T'oross MupoH BacunboBuy

2. Myron V. Gogol

KBasigikamis: 1. 1. ., npodecop, 05.23.01

InenTudikarop ORCID ID: 0000-0002-7637-336X

JopaTrkoBa inpopmanis:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujonanbHuil yHiBepcuteT "JIbBiBCbKA MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa banpepuy, 6yz. 12, JIbBis, 79013, YkpaiHa
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

BaacHe IlpizBume Im'a Ilo-6aTbKOBI Xmisb PomaH €BreHoBrY
TOJIOBH pajgu

BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI Xminb PomaH €BreHoBUY
roJIOBYIOYOroO Ha 3aciJaHHi

BignoBigasibHuUI 3a MiATOTOBKY Mapymak Yigua JImutpiBHa

00JIIKOBHX JJOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOi IOpyenko TeTsHa AHaToliBHA

OisIIBHOCTI




