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2. Improvement of the method of assessing the stress-strain state of metal corrugated structures of transport
facilities

Pedepar:

1. Incepraujiiine AOCIiIpKEHHS IPUCBSIYEHE PO3POOLI METOAY OLiHIOBAHHS HANPYKE€HO-Ie(POPMOBAHOIO CTaHy
30ipHMX MeTajIeBUX FOPPOBAHMX KOHCTPYKLiN TPAHCIIOPTHHUX CIIOPY], i3 BpaxyBaHHSM KOMILJIEKCY BILJIUBY
reoMeTpUYHUX Ta (i3UKO-MeXaHiYHMX [lapaMeTpiB I'PYHTOBOI YIiJIbHIOIOYOI 3aCUIIKY, MeTaJIeBUX FOPPOBaHUX
KOHCTPYKIIi#l Ta OCHOB CIIOpPYIu. Y po0OTi yAOCKOHAIEHO aHAITUMHUI METO]], OLIiHIOBAaHHS HAIIPY>KEHO-
Ie(pOpPMOBAHOrO CTaHy 36ipHMX METaIeBUX FO(PPOBAHMX KOHCTPYKLiN Ta €KCIIEPUMEHTAIBHUI METOJ, OL[iHIOBAaHHSI
CTYIEHIO YLIiJIbHEHHS IPYHTOBOI 3aCUIKU TaKUX CIIOPYZ, 10 AO3BOJISIE€ 3a0€3M€YUTH KOMIJIEKCHY OL[iHKY
HaNpYy>XeHO-1e(POPMOBAHOTO CTaHy METaJIEBUX FOPPOBAHUX KOHCTPYKLil TPAHCIIOPTHUX CIIOPYA,. Y TIEPLIOMY
PO31iii AucepTaliiiHOl poOOTH IPOBEEHO aHaJIi3 IIepeBar 3aCTOCYBAaHHS 30ipHUX MeTaleBUX roppOBaHUX
KOHCTPYKIiil y TPAHCIIOPTHOMY OYIiBHUIITBI Ta aHAJI3 iCHYI0OYMX METOZIB OLiHIOBAaHHS iX HAIIPY>KE€HO~-

IepopmoBaHOro cTaHy. TakoxX IPOBeIeHO KPUTUYHUM aHali3 Mpalb CTOCOBHO TEMU AucepTaLiiiHoi podoTu. Le



IO3BOJIMJIO BCTAHOBUTH, 10 HE MA€ MPOBEIEHUX NOCIiIKEHb 30ipHUX METaJIeBUX TO(PPOBAHUX KOHCTPYKLIM i3
OJHOYACHUM BIJIMBOM BUCOTHU 3aCUIIKY HAJl KOHCTPYKLISIMU CIIOPYAU Ta BEJIMYMHY CTYIIEHIO YIIiJIbBHEHHS
I'PYHTOBOI 3aCUIIKY Ha PiBEHb HANIPY>KEHb Ta BEJIMUMHY Koe(illieHTy NJIaCTUYHOrO MApHipy. BupimeHHs 1poro
[IMTaHHA Ja€ NIPaKTU4YHY MOXKJIMBICTb BCTAHOBJIEHHS ONITUMAaJIbHOI BUCOTH I'PYHTOBOI 3aCUINKYU HAJ, METAJIEBUMU
KOHCTPYKLiSIMU CIIOPYJ, Y 3aJIE3KHOCTI Bif] BEJIMYVHY CTYIEHIO YIIiIbHEHHS I'PYHTY HaBKOJIO METAJIEBUX
KOHCTpPYKLii1 criopyy,. 1o € BaXXIMBUM NIPU BUKOHAHHI IPOEKTYBaHHS TPAHCIIOPTHUX CIIOPYJ, i3 30ipHUX MeTajIeBUX
ro(ppoBaHUX KOHCTPYKLil. Y IPpyroMy po3fiji HaBeleHO yOCKOHAJIIEHUI METO/], OLiHIOBaHHS HAaIIPY>KEHO-
Ie(pOPMOBAHOTr0 CTaHy TPAHCIIOPTHUX CIIOPYJ, i3 BpaXyBaHHSIM r€OMETPUYHUX Ta (i3UKO-MEXaHIYHUX IapaMeTpiB
MeTasleBuX TopoBaHUX KOHCTPYKIIi¥ TPAaHCIIOPTHUX CIIOPYA. BcTaHOB/IEHO, 1110 I1pY 36i/blIeHH] BUCOTH 3aCUIIKU
HaJ, TYHEJIbHUM LJISIXOIIPOBOJIOM i3 30ipHUX MeTasleBUX FOPPOBAHNUX KOHCTPYKLii i 3BHUKEHHI CTYIIEHIO
VILIiIbHEHHS] IPYHTOBO]I 3aCHUIIKY, Bi0OYBA€THCS MiABUILIEHHS BEJIMUYMH HAINIPYKEHb Ta [JIACTUYHOTO MIAPHIPY Y
MeTaJIeBUX KOHCTPYKUisIX. [lepeBUllieHHS OMYyCTUMOI BEJIMYMHU HallPyKeHb Ta KoeQillieHTy IJIaCTUYHOTO IapHipy
BiZIOyBa€eThCs TiJIbKY IIPU CIIJIBHOMY BILJIMBI HEZJOCTaTHBOT'O CTYIIEHIO YIIiJIbHEHHS 'PYHTOBOI 3aCUNKY Ta MifiBUILlEeH]
BHCOTH 3aCUIIKY HaJ, METAJIEBUMU KOHCTPYKLISIMU LIJISIXOIIPOBOLY. Y TPETbOMY PO3[iji pO3p06I€HO METOS
€KCIIEPMMEHTAJIBHOTO AOCJIIPKEHHS CTYIEHIO YIIIIbHEHHS ['PYHTOBOI 3aCUNKY IIPYU OYyAiBHULITBI TPAHCIIOPTHUX
CIIOPYZ, i3 30ipHMX MeTajieBUX roppOBaHMX KOHCTPYKLiN. MeToz 6a3yeThbCsl Ha 3aCTOCYBaHHI Cy4acHUX iHepLiliHUX
TEXHOJIOTisIX. Y pe3ysbTaTi IPOBEeAEeHHS TPhOX LIMKIIiB BUIIPOOYBaHb I'PYHTOBOI YIIIiJIbHIOIOYOi 3aCUIIKY Y 3aJ1€KHOCT
Bifl CTYIIEHIO YIIiJIbBHEHHS IPYHTY BCTAHOBJIEHO, 110 NIPU MifiBUIIEH] CTYIIEHIO YIIiJIbBHEHHS I'PYHTOBOI 3aCUIIKU
3MEHIIYETHCS YacC Pyxy 3ByKOBOI XBUJIi, ajle IPU LIbOMY MIBUIKICTb 3061/IbIIYEThCS. Y YETBEPTOMY PO3/iji IPOBEEHO
OLIiHIOBaHHS HaNpy>XeHO-1e(POPMOBAaHOI0 CTaHy 30ipHUX MeTajleBUX roPpOBaHUX KOHCTPYKIiil Tpyou i3
BpaxyBaHHIM (i3MKO-MeXaHIYHUX IIapaMeTpiB I'PYHTIB OCHOBU. BcTaHOBII€HO, 1110 ITPU MiJBUILLEHI MOLYJIIO
IIPY>KHOCTI I'PYHTY OCHOBM TPYOM 3MEHIIYIOTbCSI BEPTUKAJIBHI AedopMallii METaJIeBUX KOHCTPYKLiN, OJHAK
HiABUILYIOTHCS OChOBI CUJIM B MeTaJIeBUX KOHCTPYKIiSIX TPyOU Ta rOpM30OHTasIbHI fedopMaliii MeTaneBux
KOHCTPYKLi#l TpyOu. Y I'siTOMY pO37iJi HaBeJeHO NPaKTU4Hi peKOMeH allii i3 MifCrUIeHHsI OCHOB TPaHCIIOPTHUX
CIIOPYZ, i3 30ipHMX MeTajIeBUX FOPPOBAaHMX KOHCTPYKLi B yMOBaxX 3aJSITaHHS CIa0KMUX [PYHTIB, a TAKOX
pexkoMeHpanii i3 minBuIeHHs HeCcy4oi 3aTHOCTI MOIIKOIPKEHNX 3a1i300€TOHHUX TPAHCIIOPTHUX CIIOPYZ, METOIOM
3aCTOCYBaHHSI 30ipHMX MeTajleBUX roPpPOBaHMX KOHCTPYKLill. Ha 0CHOBI IpoBeieHNX J1a60paTOPHUX
€KCIIEPMMEHTIB HaBeIEHO METOJ, OLIiHKU TifipaBJIiuHOro OIIOPY Ta BUTPAT METAJEBUX rO(PPOBAHUX TPYO y
3aJ1€KHOCTI BiJ] CepeiHbOI MBUIKOCTI PyxXy BOAU B ropoBaHUX TPybax. BCTaHOBIEHO, 110 /711 BUOOPY
ONITUMAJIbHOTO JIiaMeTPy AOPO>KHBOI BOJOIPOIYCKHOI TPy6H NOTPIOHO 3HANTH HOTO 3HAYEHHS IJ1s1 Pi3HUX
MOXJIMBUX BUTPAT i BUOpATH MakCUMaJbHe, IKe HalbvK4ie MilX0OAUTb BU3HAUEHOMY €KCIIEPUMEHTAJIbHOMY
3HQYEHHIO, 200 BCTAHOBJIEHO HA OCHOBi CTATUCTUYHUX JAHUX. TaKo>X BCTAHOBJIEHO, 110 OCHOBHUMU PU3MKAMU IIpU
OyIiBHULITBI TPAHCIOPTHUX CIOPY], i3 30ipHMX MeTaneBUX ro(ppOBaHMX KOHCTPYKLil HA C1abKUX I'PYHTAX €
nedopmaliii r(pyHTOBOI OCHOBHU. BOHY MOXXYTb ITPOSIBUTHUCS [IpY Ilepeiadi 3yCUb Bifi TPAaHCIIOPTHOI CIIOpPYH i
3MiHHUX HaBaHTaXXE€Hb, & TAKOX Bifl 3MiHM Qi3NKO-MeXaHIYHUX BJIaCTUBOCTEN I'PYHTIB OCHOBH Y Nepiof,
OyIiBHULITBA Ta €KCILTyaTalii TPAaHCIIOPTHUX CIIOPYA. TakoX, pe3yJIbTaTy PO3PaxXyHKiB MIOKA3aJIH, O JOLITBHAM €
3aCTOCYBAHHSI I1aJIb 3 METOIO MiJIBUIIIEHHS HECYYOi 3aTHOCTiI OCHOB 30ipHMX MeTajleBUX roPPOBAHMX KOHCTPYKLIN
TPaHCIIOPTHUX CIIOPYA, P iX Oy[iBHULTBI Ha c1abkux I'pyHTax. Kitouosi cyiosa: 36ipHi MmeTanesi roppoBaHi
KOHCTPYKLIii, HAIiHAPUYHI 000JIOHKY, aBTOMOO1JIbHA JOPOra, 3€MJISIHE TI0JIOTHO, JOPO>XKHIN MOKPUB, LIJIIXONPOBIiT,
BOJIOIIPOITyCKaJIbHA TPY0a, METO/I, CKIHUEHHUX €JIEMEHTIB, HallPy>KeHO-1e(pOPMOBAHUI CTaH, KoedillieHT

IJIACTUYHOTO MIAPHIpPY, CTYIiHb YVIIiJIbHEHHS [PYHTOBOI 3aCUINKHU, BUIIYKYBaHHS, JOPOKHS KOHCTPYKIIif.

2. The dissertation study is devoted to the development of methods for assessing the stress-strain state of
prefabricated metal corrugated structures of transport facilities, taking into account the complex influence of
geometric and physical-mechanical parameters of soil compaction fill, metal corrugated structures and building
foundations. The work improved the analytical method of assessing the stress-strain state of prefab metal
corrugated structures and the experimental method of assessing the degree of compaction of the soil backfill of
such structures, which allows for a comprehensive assessment of the stress-strain state of metal corrugated
structures of transport facilities. In the first chapter of the dissertation, an analysis of the advantages of using



prefabricated metal corrugated structures in transport construction and analysis of existing methods for assessing
their stress-strain state was carried out. A critical analysis of works related to the topic of the dissertation was also
carried out. This made it possible to establish that no studies have been conducted on prefabricated metal
corrugated structures with the simultaneous influence of the height of the backfill above the building structures
and the degree of compaction of the backfill on the stress level and the value of the plastic hinge coefficient.
Solving this issue provides a practical opportunity to establish the optimal height of the soil backfill above the
metal structures of buildings depending on the degree of soil compaction around the metal structures of buildings.
What is important when designing transport facilities made of prefabricated metal corrugated structures. The
second chapter provides an improved methodology for assessing the stress-strain state of transport structures,
taking into account the geometric and physical-mechanical parameters of metal corrugated structures of
transport structures. It was established that when the height of the backfill above the tunnel overpass made of
prefabricated metal corrugated structures and the degree of compaction of the soil backfill decreases, the values
of stresses and plastic joints in metal structures increase. Exceeding the allowable amount of stresses and the
coefficient of the plastic hinge occurs only under the joint influence of the insufficient degree of compaction of the
soil backfill and the increased height of the backfill above the metal structures of the overpass. In the third
chapter, a method of experimental research on the degree of soil backfill compaction during the construction of
transport facilities from prefabricated metal corrugated structures is developed. The method is based on the
application of modern inertial technologies. As a result of conducting three cycles of soil compaction tests,
depending on the degree of soil compaction, it was established that with an increased degree of soil compaction,
the sound wave travel time decreases, but at the same time, the speed increases. In the fourth chapter, an
assessment of the stress-strain state of prefab metal corrugated pipe structures was carried out, taking into
account the physical and mechanical parameters of the base soils. It was found that when the modulus of elasticity
of the soil of the pipe base is increased, vertical deformations of metal structures decrease, but axial forces in
metal pipe structures and horizontal deformations of metal pipe structures increase. The fifth chapter provides
practical recommendations for strengthening the foundations of transport structures from prefabricated metal
corrugated structures in conditions of weak soils, as well as recommendations for increasing the bearing capacity
of damaged reinforced concrete transport structures by using prefabricated metal corrugated structures. Based
on the conducted laboratory experiments, the methodology for estimating the hydraulic resistance and
consumption of metal corrugated pipes depending on the average speed of water movement in corrugated pipes is
given. It has been established that in order to choose the optimal diameter of the road culvert, it is necessary to
find its value for various possible flows and choose the maximum that is closest to the determined experimental
value or determined on the basis of statistical data. It has also been established that the main risks in the
construction of transport structures from prefabricated metal corrugated structures on weak soils are
deformations of the soil base. They can appear during the transmission of forces from the transport structure and
variable loads, as well as from changes in the physical and mechanical properties of the base soils during the
construction and operation of transport structures. Key words: prefabricated corrugated metal structures,
cylindrical shells, highway, roadbed, road surface, overpass, culvert, finite element method, stress-strain state,
plastic hinge coefficient, degree of soil backfill compaction, survey, road structure.
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InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. bonpapenko Jliogpmuia I[letpiBHa

2. Liudmyla Bondarenko

KBasigikamis: . t. u., gouenrt, 01.02.05

InenTudikarop ORCID ID: He 3acrocosyetscs

JopaTrkoBa indpopmamnist:

IloBHe HafIMeHyBaHHSI IOPUIHUYHOL 0C00H: HarioHanbHU TPAHCTIOPTHUI yHIBEPCUTET
Kopg 3a €IPIIOY: 02070915

Micue3HaxoaKeHHS: ByJl. M. OMengHoBuya-IlaBneHka, 6yz. 1, Kuis, 01010, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akar04Hi BimoMocTi

Biacue Ipizsume Im's [10-6aTbKOBI Cnasincrka Onena CepriiBHa
rOJIOBH pajgu

Bnacwue IpizBume Im's I1o-6aTbKOBI Cnasincrka OneHa CepriiBHa
rOJIOBYIOYOrO Ha 3aCiflaHHi

BiznoBigansHHI 3a MiATOTOBKY IBanymko Onexkcanap MukosnanoBuy

00JIIKOBHX JJOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA

OisIIBHOCTI




