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JlucepTallisi TpHCBSYEHA MUTAHHSM BIJHOBJICHHSA IITYYHUX TPAHCIOPTHHUX
CHOpYA 3pyHHOBaHUX (IOIIKO/DKEHUX) BHACHIJOK OOWOBUX [, PO3MIKUPEHHIO
MOJKJIMBOCTE BHUKOPUCTaHHS HAsSBHOTO MaTeplajibHOrO MaiiHa KOHCTPYKLIN
JOBrOoTpUBajoro 30epiranHs. JloCHipkeHO XapakTep pyiHYBaHb (IOIIKOJIKEHB)
TPAHCIIOPTHUX CIIOPYJl BHACIIOK BEJCHHS OOMOBUX AiH Ta COCOOM BiTHOBJICHHS
pyxy TpaHcnopty. [IpoBeneHo aHaii3 AOCBITy BUKOPUCTAHHS CTale3al1i300€TOHHUX
IIPOrOHOBUX OyJOB MOCTIB MepeoOIaHAHUX 13 METaJeBUX MPOTOHOBUX OyIO0B.
Po3ryissHyTI mUTaHHS MOKJIMBOCTI BHUKOPUCTAHHS ISl TUMYAcOBOTO BiJHOBJICHHS
paHile BKMBAaHUX KOHCTPYKIIM Ta KOHCTPYKUIA OTPUMAHMX BiJl PO30OMpPAaHHS MEHII
BOXKJIMBUX criopya. JociimkeHo poOoTy crane3ani3o0eTOHHOI MPOroHOBOI Oyn0BU
MICTIsl TPUBAJIOTO TEpioAy eKcruryaraiii. Ha ocHOBI MeTomy CKIHYEHHUX €JIEMEHTIB
po3po0eH] MOIeN, 10 Jal0Th MOXIIMBICTh BUKOHYBATH MApaMETPUYHMI aHAIII3 Ha
MaTEeMaTUYHOMY MOJIEITIOBAHHI PI3HUX BapiaHTIB KOMIOHYBAHHS MPOTOHOBUX OY/I0B,
13 3BAPHUX LIMPOKOIOJOYHUX OAJIOK JOBrOTPUBAJIOrO 30€piraHHs. 3a JOMOMOTOI0
pPO3pOOTIEHUX AJITOPUTMIB JOCIIKEHHS, OTPUMAaHI Pe3yJbTaTH AJiI KOHKPETHOTrO
TUTIOBOTO MPOEKTY OAJIOK JIOBrOTPUBAIIOTO 30€piraHHs, al0Th PO3YMIHHS HAITPSIMKIB
posmupeHHst chepu 3aCTOCYBaHHS 1HBEHTapHUX KOHCTPYKIIINA, MIJBUIICHHS TEMITIB
BIJTHOBJICHHSI, IOKPAIIEHHSI €KCIUTyaTallliHUX XapaKTepUCTHK.

AKTyanbHICTh JOCHIPKEHb TOJSATAaE B TOMY, IO BiJl IIBHUIAKOTO BITHOBJICHHS
pyXy TpaHCHOPTYy 4epe3 MPUPOJHI ad0 MTY4YHI MEePeIlKOAM Ha AUISHKaX JAOpIT, AKi
3a3HaJIM PyHHYBaHb (ITOIIKOKEHb) TPAHCIIOPTHUX CIIOPY/, 3aJ1€KUTh EKOHOMIYHE Ta

COLlaJIbHE BIJHOBJIEHHS JEOKYNOBAHMX TEPUTOPiH, TrymaHiTapHe 3a0e3neyeHHs



HACeJICHHS Ta JIOTICTUYHE 3a0e3leueHHs BIMCHKOBUX IMmipo3AuTiB. ParionanbHe
BUKOPUCTAHHS HAsSBHOTO MaTEpialbHOTO MalHa 3BapHUX IIHPOKOIMOJIOYHHIX
JIBOTaBPOBHUX 0aJIOK, 110 Mepe0yBarOTh Ha JOBrOTpHUBAJIOMY 30epiraHHi, 3a0€3MeunTh
BHUCOKI TEMIH BITHOBJICHHS TPAHCIOPTHUX OO0’ €KTIB, MPHU IIOMY Oya€ ITOTPHUMAaHO
Oe3MeKy Ta HaJdiHHICTb.

JUIist  OCSTHEHHST METH TIPOBENICHO Yy3arajbHEHHS JOCBIY OOCTEKEHHS
3pyWHOBAaHUX BHACIIIOK OOHOBUX i TPaHCIOPTHUX OO’€KTIB Ta CrmocoOiB
BIJIHOBJICHHSI pyXy TpaHcnopty. [IpoBeaeHo aHami3 HampykeHO-IehOpMOBaHOIO
CTaHy pPi3HHUX CHCTEM IPOrOHOBHX OYyAOB MOCTIB, III0 MOXYTh OyTH BHTOTOBJICHI 3
3BapHHUX HIMPOKOIOJIOYHUX 0aJIOK TOBrOTPUBAIIOTO 30€piraHHs.

BucHOBKM aHamizy MIATBEP/KYIOTh, IO MaTeMaTH4YHE MOJICTIOBaHHS Ha
OCHOBI METOJy CKIHYEHHUX €JIEMEHTIB [03BOJISI€E CIPOTHO3YBaTH HAIPYXKEHO-
nedhopMOBaHHUI CTaH PI3HUX BapiaHTIB MPOTOHOBUX OYJI0OB BUTOTOBJICHHX 13 3BAPHUX
HIMPOKOIIOJIOYHUX TBOTABPOBUX OAJIOK.

BcranoBneno, mo 3aMiHa JAEpeB’STHOTO MOCTOBOrO TIOJIOTHA Ha 30IpHY
3a11300€TOHHY TUIMTY MPOI3HOI YAaCTHMHHM 3MEHIIUTh KUIBKICTh PYYHOI Mmpar 1 sK
HACIJ0K MIJIBUILATH TEMITM BITHOBJICHHS TPAHCIOPTHUX CIOPY] Ta €KCIUTyaTallliHI
XapaKTEePUCTHKU, TPU I[bOMY 3amac MIIHOCTI OaJoK JOCTaTHINH. 3a paxyHOK
HEJIOCTaTHhOI BUCOTH OalloK, IO PO3TISAAIOTHECA, OOMEXYIOUHUM KpUTEpiEM iX
BUKOPUCTAHHSA TMpU BIJHOBIEHI € BEPTUKAJIbHI NPOTrMHU MPOTrOHOBUX OYy/IOB.
BukopuctanHs mporoHoBUx OYyJ0B, B AKUX 3a1300€TOHHA IUTUTA MPOI3HOT YACTHHHU
00’eTHaHa B CYMICHY pOOOTY 3 TOJIOBHUMHU METAJICBUMU OajikaMu, 3HAYHO TTOKpaIy€e
nedopMaitiitHi XapaKTEPUCTUKH 1 PO3MNOJILIAE€ HABAHTAXKEHHS. 3MiHA PO3PaXyHKOBO1
CXeMH MOCTy 00’€JHaHHSM TPOTOHOBHX OYJOB B HEPO3PI3HY CHUCTEMY MIiIABHUIILYE
BAHTAXOIMIAMOMHICTh TaKUX MOCTIB 10 HaWBUIIOI 3a3HAYEHOI Yy BITUM3HSHIN
HOPMATHUBHIH JiTEpaTypI.

B pesynpTaTi cratMuHMUX 1 NUHAMIYHUX BUMPOOYyBaHb OTPUMAaHI JIaHHI, SIKi
CBIlUaTh MPO HECydyy 3JaTHICTb Ta jaedopmalliifHi SKOCTI CTane3ali300€TOHHOI
MPOTOHOBOI OyJOBH MOCTY TICIS TPHUBAJIOTO TEPiOay eKCIUTyartaiii. 3HaiieHi

3HAa4YCHHA HpOI‘I/IHiB, 4acTOT BJIACHHUX BCPTHKAJIbHUX 1 IFOpU30HTAJIbHUX KOJIMBAaHb



BKa3ylOTh Ha Te€, IO CyMicHa po0OoTa CTayieBoi Oajaku Ta 3a1i300€TOHHOI TUIUTH
3a0e3neyeHa B JOCTATHIN Mipi Ta BIAMOBIAa€ aHATITUYHUM MPUITYIICHHSIM.

HaykoBa HOBHM3HA TmOJsirae B TOMY, IO BIEpIIE€ BU3HAYEHO 3arajbHUMN
XapakTtep pyHHyBaHb OO’€KTIB HAIlOHAIbHOI TPAHCIOPTHOI CHUCTEMHU BHACIIIOK
30poitHOi arpecii pociiicbkoi (enepamii npotu YKpaiHH, y3arajlbHEHO JOCBIJ
3a0€3IMeUeHHs] CTIMKOro (PYHKIIIOHYBaHHS TpPAHCIOPTHOI CHUCTEMH, TEXHIYHOTO
MPUKPUTTS TPAHCIIOPTHUX CHOPYA B YaCTHHI BIJHOBJIICHHS PYyXy TPAHCIOPTY Ha
TUISTHKAX JOpIT, M0 3a3HaIM pyWHYyBaHb. [IpoBeleHO CHCTEMHE MOCHIIKEHHS Ta
po3po0JICHI HANMpsSMKH YAOCKOHAJIICHHS CIOCOOIB 10 BHKOPHUCTAHHIO HASBHOTO
MaTepiaJIbHOTO PECypCy KOHCTPYKIIM JIOBrOTPUBAJIOTO 30epiraHHs JJisl MPaKTUYHOL
peamizamii B 1HTepecax IIJBUILIEHHA €(QEKTUBHOCTI BIJIHOBJICHHS 3PYWHOBAHUX
(MOIIKO/PKEHNX)  TPAHCIOPTHUX  crmopyld.  [IpoBemeHo — eKCIepHMEHTAIBHE
JOCITIJIKEHHST HaIPY>KEHO-1e(OPMOBAHOTO CTaHy CTale3ali300€TOHHOI MPOTOHOBOI
OyZ10BU TIICJIsl TPUBAJIOT €KCILTyaTarii.

KitouoBi cnoBa: TEXHIYHE NPUKPUTTSA, BIAHOBJICHHS, THUMYAacOBI MOCTH,
CTaJIe3a11300€TOHHI MPOTOHOBI OYy/I0OBM, TMapaMETPUYHUI aHalli3, HampyXeHO-
nedopMoBaHuil CTaH, METOJ] CKIHUCHHUX €JIEMEHTIB.
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Brecok aBTOpa B HaykoBi myOJjikailii, 10 HamMCaHi y CHIBaBTOPCTBI: Y
daxoBux crartax [1] i [2] okpecieHi HAMPSIMKH MOJANBIIHMX AOCTIKEHb 3 MUTaHb
BIJIHOBJICHHSl pyXy TPAHCHNOPTY Ha [UISHKAX JAOpIr 110 3a3Halud pyWHYBaHb, 3
BUKOPUCTAHHSAM HassBHOTO MaTepialibHOTO pecypcy; y ¢axoBiil ctarrti [3] BUKIaAEHI
pe3yNbTaT  HATypHHX  JOCTIIPKEHb  HANPyKEHO-Ie(OpPMOBAHOTO  CTaHy
CTaJIe3a11300€TOHHOT TPOTOHOBOiI OyMOBH MOCTY TMTICHS TPHUBAJIOTO TMEPIOAY
eKCIUTyaTallii, BM3HA4Y€HI IepeBard JaHOI KOHCTPYKIIi MNpPOroHOBOI OynOBH; Y
¢daxoBiii crarTi [4] y3aradbHEHO JIOCBIN BIJHOBJCHHS pPyXy TPaHCIOPTY

OyZIBHUIITBOM THMYaCOBOTO MOCTY Ha OJMKHBROMY 00XOJ1 BiJl 3pyHHOBAaHOTO MOCTY;



B MaTepianax KoHdpepeHmin [5], [6] BuCBiTICHI MPOITO3UIIii CTOCOBHO BHKOPUCTAHHS
HAsSBHOTO MaiiHa iHBEHTapHUX KOHCTPYKIIi MJi1 BITHOBJICHHS TPAHCIOPTHHUX
ciopyx; B [7], [8] BuKmaB BuUMOTrH 10O TPaHCHOPTHUX CIOPYJI Ta OCOOJMBOCTI
3a0e3neueHHsI BiiChKOBOI JIOTICTHKH B YMOBAax BiliHH; B Te3ax KoH(pepeHIii [9] Oymu
JOCIIDKeHI TIUTaHHS 3a0€3MEeUeHHS CTIMKOTO (PYHKIIOHYBaHHS TPAHCIOPTHOI
CHCTEMH; aKT BIIPOBAKECHHS pe3yibTariB aucepraiii [ 10] 3acBiguye akTyaabHICTh Ta
MPAKTUYHY 3HAYMMICTh TMPOBEACHHUX JOCTIIKECHb, NMPH BUKOHAHHI OIEPATUBHOTO
3apmaHHs [11] BimmpampoBaHO TEXHIYHI BUMOTH JI0 KOPOTKOTEPMIHOBOTO Ta
TUMYACOBOTO BiTHOBIICHHS ITYYHUX CIOPY; B 3BiTaX poOOTH TPyNH 3 BUBUYCHHS i
BIIPOBA/KEHHS JIOCBIy 3acTOCyBaHHs miapo3ainiB Jlepkcneurpancenyxou [12],
[13] mpomiB y3arambHEHHsI JOCBidy TOIIKO/KCHb TPAHCIOPTHUX OO0’€KTIB Ta

TEXHOJIOT1H 1X BITHOBJICHHS.



ABSTRACT

Mykola Hernych. Stress-deformed state of bridge structures from available
material resources during the restoration of destroyed transport facilities.

The dissertation on competition of a scientific degree of the doctor of
philosophy on a specialty 192 — Building Industry and Civil Engineering. — Ukrainian
State University of Science and Technologies, Dnipro, 2024.

The dissertation is devoted to the issues of restoring artificial transport
structures destroyed (damaged) as a result of hostilities, expanding the possibilities of
using existing material assets of long-term storage structures. The nature of
destruction (damage) of transport structures as a result of hostilities and methods of
restoring traffic are investigated. The experience of using prefabricated reinforced
concrete bridge spans converted from metal spans is analyzed. The issues of the
possibility of using previously used structures and structures obtained from the
dismantling of less important structures for temporary restoration are considered. The
work of a reinforced concrete beam structure after a long period of operation was
investigated. Based on the finite element method, models were developed that allow
for parametric analysis of mathematical modeling of various variants of beam
structures made of welded wide-flange beams of long-term storage. The results
obtained for a specific typical project of long-term storage beams using the developed
research algorithms provide an understanding of the directions of expanding the
scope of application of inventory structures, increasing the pace of restoration, and
improving operational characteristics.

The relevance of the research is that the economic and social recovery of de-
occupied territories, humanitarian support for the population, and logistical support
for military units depend on the rapid restoration of traffic through natural or artificial
obstacles on road sections that have undergone destruction (damage) of transport
facilities. Rational use of existing material assets of welded wide-flange I-beams,
which are in long-term storage, will ensure high rates of restoration of transport
facilities, while safety and reliability will be ensured.

To achieve the goal, a generalization of the experience of surveying transport
facilities destroyed as a result of hostilities and methods of restoring traffic was



carried out. An analysis of the stress-strain state of various systems of bridge spans
that can be made of welded wide-flange beams of long-term storage was carried out.

The conclusions of the analysis confirm that mathematical modeling based on
the finite element method allows predicting the stress-strain state of various variants
of beam structures made of welded wide-flange I-beams.

It was found that replacing the wooden bridge deck with a reinforced concrete
roadway slab will increase the rate of restoration of transport facilities and
operational characteristics, while the beam strength margin is sufficient. Due to the
insufficient height of the beams under consideration, the limiting criterion for their
use during restoration is the vertical deflections of the beam structures. The
application of beam structures, in which the reinforced concrete slab of the roadway
Is integrated into common work with the main steel beams, significantly improves
deformation characteristics and distributes loads. Changing the design scheme by
combining beam structures into an indistinguishable system greatly increases the
load-bearing capacity of bridges to the highest levels specified in domestic regulatory
literature.

As a result of static and dynamic tests, data were obtained that indicate the
bearing capacity and deformation properties of the reinforced concrete bridge beam
structure after a long period of operation. The found values of deflections,
frequencies of natural vertical and horizontal vibrations indicate that the joint
operation of the steel beam and the reinforced concrete slab is sufficiently ensured
and corresponds to analytical assumptions.

The scientific novelty lies in the fact that for the first time the general nature of
the destruction of objects of the national transport system as a result of the armed
aggression of the Russian Federation against Ukraine was determined, the experience
of restoring traffic on road sections that have undergone destruction was summarized.
A systematic study was carried out and directions were developed for improving
approaches to the use of available material resources of long-term storage structures
for practical implementation in the interests of increasing the efficiency of restoring
destroyed (damaged) transport facilities.

Keywords: technical cover, restoration, temporary bridges, reinforced concrete
beam structures, parametric analysis, stress-strain state, finite element method



