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Pedepar:

1. Inceprarnist npucBsYeHa AOCiIPKEHHIO HAIIPY>KeHO-11e(POPMOBAHOTO CTaHY IiJJCUJIEHUX 3aJ1i300€TOHHUX TPYO Ta
BJIOCKOHAJIEHHIO METOJIB iX MiCUJIEHHS. Y NIepIIOMY po3aii «CTaH Ta aHasli3 OCHOBHUX METOJiB BilHOBJIEHHS
HeCy4oi 30aTHOCTI BOAOMPOITYCKHUX 3a1i300€TOHHUX TPY0» IIPOBEIEHO KOMIIJIEKCHUIA aHaJli3 TEXHIYHOTO CTaHy
BOJIOIIPOITYCKHMX 3aJ1i300€TOHHUX TPYO Ha aBTOMOOIIbHUX i 3aJ1i3HUYHUX Joporax YKpaiHu Ta CUCTeMaTU30BaHO
OCHOBHi YMHHUKY, 1J0 3yMOBJIIOIOTb iX IIOUIKOKEHHSI. BcTaHOB/IEHO, 0 6/1M3bKO 27 % BOJONPOITYCKHUX TPYO
MaloTh HeJonycTrMi gedekTu. HaBeneHo orsy iCHylounX METOZIB OL[iHIOBaHHS TeXHIYHOTO CTaHy TPYO i
kyacudikalilo CTyIeHiB iX eKCIlTyaTalilfiHoI IpUIaTHOCTI. Po3risiHyTO cydyacHi iHKeHepHO-KOHCTPYKTHUBHI MeTOIu
IiZICUJIEHHS Ta BiJIHOBJIEHHS 3a71i300€TOHHUX TPYO, 3 aKLJEHTOM Ha iX IlepeBarax i Hefios1ikax, 1110 J03BOJINJIO

BUSIBUTYU [IE€PCIIEKTYBHI HaNPSIMU 1171 YIOCKOHAJIEHHS TEXHOJIOTIN. Y Apyromy po3zini «Po3BUTOK i po3pobka



METO/IiB MiJIBUIIEHHS HECY40i 3TATHOCTI MOUIKO/PKEHUX 3aJ1i306€TOHHUX TPY0» BUKJIAIEHO TEXHIYHE
OOIPYHTYBaHHS Ta BILOCKOHAJIEHHSI KOHCTPYKTUBHUX PillleHb AJIs MifCHUIeHHS 3aJ1i300€TOHHUX TPYO i3 METOI0

i BUIIEHHS IXHbOI HECYYOI 30aTHOCTI Ta JOBrOBiYHOCTI. 3aIIPOIIOHOBAHO B OCKOHAJIEHHSI METOIY TiJIb3yBaHHS
IIJISIXOM JOJIaBaHHS IPOCTOPOBOrO apMaTypHOro KapKacy, 1o 3abe3nedye piBHOMIPHUN PO3MO/iJ HABAaHTAXXEHD i
3MEHILIEHHS JIOKAJIbHUX JedopMaliil. PO3po61eHO TeXHOIOTI0 iH' €KTYBaHHS /17151 BilHOBJIEHHS e PeKTHUX TPYyO 6e3
3MEHIIEHHS IXHbOI IIPOIYCKHOI 30AaTHOCTI. JleTaJbHO OMKCAHO MOCIiLOBHICTh BUKOHAHHS ITiICUJIEHHS 32 KOXKHOIO i3
TexHOJIOriN. OOIPyHTOBAHO BUOIp reOMETPUYHUX NTapaMeTpiB Tpy6 i MaTepiaiB 1J1s NOJAJbIINUX JOCHiIKEHB, a
TaKOX PO3IVIIHYTO 3aXUIEHi ITaTeHTaMU iHHOBALilHi pillleHHs, 1110 MalOTh [IEPCIIEKTYBY BIIPOBAIYKEHHS B IPAKTUKY
PEMOHTY BOZOIIPOITYCKHUX TPYyO Ha aBTOMOOIJIbHUX i 3a/iIBHUYHUX LIISIXaX. Y TPETbOMY po3ifi «TeopeTuuHe
IOCJiIKeHHSI Hallpy>KeHO-1e(OpPMOBAHOT0O CTaHy MiICUIEHUX 3a/1i300€ TOHHUX TPYy0O» IPOBELEHO TEOPETUYHE
OLIiHIOBaHHS HAIIPY>XEHO-1€()OPMOBAHOTO CTaHy MiJICUJIEHUX 3aJ1i300€TOHHUX TPYO i3 BUKOPUCTAHHIM METOLY
CKiHYEHHUX €JIEMEHTIB 1 yIOCKOHAJIEHOI MaTeMaTUYHOI Mozerti. [IpoBefeHe 4nci0oBe MOAEIIOBAHHS J03BOJINIIO
BCTAHOBUTHU 3aKOHOMIPHOCTI po3noginy nedopmaliiil i Hanpy>XeHb i Tpyo 6e3 NifcuieHHs, NifICUIeHUX METOLIOM
rib3yBaHHS Ta iJIb3yBaHHSM 3 apMaTypHUM KapkacoM. [To6yzoBaHa MOJieJlb JO3BOJISIE BPAXOBYBATH BILJIUB SIK
CTaTMYHUX HAaBAaHTAXXEHb, TaK i TEMIIEPATYPHOTO BIJIMBY CEPENOBUIIA, 1O 3abe3edye KOMILJIEKCHY OLiHKY POO0TU
TPY0 y peanbHuX eKCIIyaTaliiiHuX yMoBax. BusHaueHo 3HaueHHs nedopMalliil Ta Hallpy>keHb, BUSBJIEHO 30HU
KOHIIEHTpALlii Hallpy>KEHb HAa MEKaxX KOHCTPYKUINHMX MaTepiaiB. Y 4eTBepToMy po3ziii «ExcriepuMmeHTanbHa
Bepudikalis Hanpy>xeHO-1e(HOPMOBAHOTO CTaHy MiJCUIEHUX 3aJ1i300€TOHHUX TPY0» PO3IJISIHYTO
€KCIIepMMEHTAaJIbHI JOCiIKEHHS, IPOBeIeHi 17151 OLliHIOBaHHS e(EeKTUBHOCTI METOIiB MiICUIeHHS 3aJ1i300€TOHHUX
Tpy6. OnrcaHo NpoBeJeHHs BUIPOOYyBaHb Ha 3pa3Kax TPYO, MifiCUIeHUX Pi3HUMU METOJaMU, TAKUMU SIK
rizb3yBaHHS, [iJIb3yBaHHSA 3 JOJABaHHSIM apMaTypHOro KapKacy Ta iH'eKTyBaHHS €IOKCUAHO0 cymimuno. Po3zin
BKJIIOYA€E E€TAILHUN ONMC METONUKY MPOBEIEHHS NOCIiIKEeHb, BUOODPY 3Pa3KiB i BUKOPUCTOBYBAHMX TEXHIYHUX
3aco06iB Ta MeTOiB BUMipIOBaHb. 3a pe3yJibTaTaMi €KCIIEPUMEHTIB OLIiHEHO HaIlpyKeHO-AedOpMOBaHUM CTaH TPYyO
3a YMOB Pi3HUX THUIIiB HABAaHTAXXEHb i MiZICUIeHHs. BcTaHOB/IEHO, 110 HAl6i/IbII HAIPY)KEHHS BUHUKAIOTh Y
BEPTHKAJIBHOMY HAIIpSMKY Tpy6u. [IoBHe pyliHyBaHHS 3a/1i300€ TOHHUX TPYO MiICUI€HMX METOAOM TijIb3yBaHHS
IIPOXOAMTS pU Aedopmalisax Ha 12 % Bulux, 3a gedopmallii Ipu sIKUX pyHHYETbCS 3a/1i300€TOHHA Tpyba 6€3
nificueHHs, a 1715 3a1i300€TOHHUX TPYO MifICUIEHUX METOJIOM TiIb3yBaHHSI i3 BUKOPUCTaHHSIM apMaTypHOTo
Kapkacy BeJnuMHa fedopmaliil ckinanae 44 % ta 6 % - 114 iH'eKuiliHOro MeTony. MeToJ, rinb3yBaHHs 103BOJISIE
30i7IBIIUTU HECYUY 3[aTHICTh 3a/1i300€TOHHUX TPYO Ha 28 %, rinb3yBaHHS 3 JOAABaHHIM apMaTypHOrO KapKacy — Ha
39 %, a in’exTyBaHHS — Ha 34 %. MakcumasbHa pisHULA Aedopmaliil TOPiBHIHO 3 TaHUMU €KCIIePUMEHTAJIbHUX
BUIIpOOYBaHb He nepesulnye 10 %, 10 CBiIYMTb PO BUCOKY TOYHICTb Ta HAZAiMHICTb IPOIIOHOBAHUX METO/IB IJIs1
IiICUJIEHHS HECY4Oi 30aTHOCTI 3aJ1i300€TOHHUX TPy6. Ha OCHOBi OTpMMaHUX JAaHUX IPOBEIEHO OPiBHSJIBHUN
aHasi3 ePeKTUBHOCTI 3aIIPOIIOHOBAHMX METOZIB ITifCUJIEHHS], IO 103BOJISIE€ 3DOOUTH BUCHOBKY 100 AOLIJIbHOCTI
3aCTOCYBaHHSI KOXKHOTO 3 METO[IiB Y Pi3HMX YMOBaX eKCIIyaTallii. AHaji3 eKOHOMIYHOI e(DeKTHBHOCTI I10Ka3aB., 1110
IiICUJIEHHS 3a/1i300€ TOHHUX TPy € €KOHOMIYHO JIOLIi/IbHOIO aJbTEPHATUBOIO [10BHIN 3aMiHi KOHCTPYKLil. ¥V po3aisni
BM3HAYE€HO HaNO1/IbII e(EeKTUBHI TEXHOJIOTII MifCUIIEHHS TPYO, a TAKOXK PO3IJVISIHYTO [IUTAHHS €KOHOMIUHOI
IOLIJIBHOCTI BIIPOBAKEHHS KOXXHOr0 3 MeToAiB. [IpoBeeHO NOPiBHAIBHUI aHAai3 BUTPAT Ha IiICUJIEHHS Ta
3aMiHy TpyoO, 110 [103BOJIsIE€ 3DOOUTU BUCHOBKY 1[0/I0 TOTO, SIKi METOIY € HANOi/IbII BUTITHUMHY 32 YMOB OOMEKEHUX
(piHaHCOBUX pecypciB. BUCBIiT/IEHI EKOHOMIYHI IIepeBaru BilHOBJIEHHS TPYO, 30KPEMa, 3 TOUKU 30PY 3HMKEHHSI
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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OdiniiiHi OTIOHEeHTH



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. TroTbkiH Onekciit JIeoHimoBUY

2. Oleksii L. Tiutkin

KBasigikanis: 1. 1. u., npodecop, 05.15.04

ImenTudikarop ORCHID ID: 0000-0003-4921-4758

JonaTkoBa iHdopmanist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: VKpaiHChKUIi Iep>KaBHUI YHIBEPCUTET HAYKH i TEXHOJIOTii
Kopg 3a €IPIIOY: 44165850

Micuesnaxo,u)KeHHﬂ: ByJ1. JlazapsiHa, 6yz. 2, IHinpo, JHinposcbkuii p-H., 49010, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETCHKUI

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Tapkyma Mukosia BacunbsoBuy

2. Mykola V. Harkusha

KBasigikamis: . t. u., gouenr, 05.22.11

Imentudikarop ORCHID ID: 0000-0002-5388-0561

JoparkoBa iHdpopmamist:

IToBHE HaﬁMeHyBaHHﬂ IOPUIUYHOL 0C00H: HanioHanbHU# TPAHCTIOPTHUI yHIBEPCUTET
Kopg 3a €IPIIOY: 02070915

Micqesﬂaxon)KeHHﬂ: ByJ. M. OmensgnoBuya-IlaBnenka, 6ya. 1, Kuis, 01010, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

Penensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. MenbHMK Irop Bomogyumuposuy

2. Ihor Melnyk

KBasmigikanis: . r. 1., gou,, 05.23.01
Inentudikarop ORCHID ID: 0000-0002-7702-1083

JonaTkoBa iHdopmalist:



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

Micuesﬂaxon)KeHHﬂ: ByJ. Crenana Bangepw, 6yz. 12, JIbgis, 79013, Ykpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. Toross MupoH BacunboBuy

2. Myron V. Gogol

KBasigikamis: 1. 1. u., npodecop, 05.23.01

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

HoparkoBa indopmamnist:

IloBHe HaﬁMeHYBaHHﬂ IOPUIHUYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTiITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3Haxoa KeHHS: By Crenana Banzepwu, 6y7. 12, JIbeis, 79013, Ykpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MinictrepcTBo ocBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3ak/1104Hi BiZOMOCTI

Bsiacue IlpisBume Im's I1o-6aThKOBI Xmizb Poman €BreHoBny

TOJIOBH pajgu

Biiacue IlpisBume Im's ITo-6aTbKOBI Xmizb Poman €BreHosny

TOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUH 32 MiATOTOBKY Mapymak YnisiHa JIMUTpiBHa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




