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1. YoockoHasleHHsSI MeTOAy OLIIHKY HallPy>KeHO-1e(pOPMOBAHOTO CTaHY METa/IEBUX rO(PPOBAHUX KOHCTPYKILi
TPAHCIIOPTHUX CIIOPY/,

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

Pedepar:

1. InceprauiiiHe OOCIiIPKEHHs IPUCBSIYEHE pO3pO06Li METOy OLiHIOBAaHHS HANPYKEHO-1e(OPMOBAHOTO CTaHY
30ipHUX MeTajieBUX FOPPOBaHMX KOHCTPYKLiN TPaHCIIOPTHUX CIIOPY/, i3 BpaxyBaHHSM KOMILJIEKCY BILJIUBY
reOMETPUYHUX Ta (i3MKO-MEXaHIYHUX IIapaMeTpPiB I'PYHTOBOI YIIIiJIbHIOIOUO] 3aCUIIKY, METAJIEBUX FOPPOBAHUX
KOHCTPYKIIi# Ta OCHOB cIOpyAu. Y POOOTi yIOCKOHAJIEHO aHATITUYHUI METO]], OLiHIOBaHHS HaIlIPY>KEHO~-
IepOpMOBaHOroO CTaHy 36ipHUX MeTajleBUX ropPOBaHMX KOHCTPYKLIl Ta eKCIIepUMEHTAIbHUI METO/, OL[iHIOBAHHS
CTYIIEHIO YIIiJIbHEHHS 'PYHTOBOI 3aCUIIKY TaKMX CIIOPYZ, 110 J103BOJIsIE€ 3a0€3M€YUTU KOMIJIEKCHY OL[iHKY

HaIpy>kKeHO-Ie(OPMOBaHOr0 CTaHy METaJIeBUX TOPPOBAHNUX KOHCTPYKIiMl TPAaHCIIOPTHUX CHIOPYZ,. Y TIepLUIOMY



PO31iii gucepTaniiiHoi po6OTH MPOBEEHO aHaJli3 epeBar 3aCTOCYBaHHS 30ipHUX MeTasleBUX roppoOBaHUX
KOHCTPYKIi#1 y TPAaHCIIOPTHOMY OYZiBHUIITBI Ta aHaJIi3 iCHYIOUUX METOJiB OLiHIOBAaHHSI iX HAIIPYXKEHO~
IepopMoBaHOro cTaHy. TakoxXX IpoBeJeHO KPUTUYHUM aHali3 Ipalb CTOCOBHO TEMHU AucepTaLiiiHoi poboTu. e
IO3BOJIMJIO BCTAHOBUTH, 110 HE MA€ MPOBEJEHUX NOCIiIKeHb 30ipHUX METAJIEBUX TO(PPOBAHUX KOHCTPYKILIM i3
OJHOYACHUM BIJIMBOM BUCOTHU 3aCUIIKY HAJZl KOHCTPYKLISIMU CIIOPYAM T BEJIMYMHU CTYNEHIO YIIiJIbHEHHS
I'PYHTOBOI 3aCUIIKY Ha PiBeHb HANPY>KeHb Ta BEJIMYUHY Koe(illieHTy IIJIaCTUYHOrO MapHipy. BupimeHHs 1poro
IIMTaHHA Ja€ NIPaKTU4YHY MOKJIMBICTb BCTAHOBJIEHHS ONITUMAaJIbHOI BUCOTH I'PYHTOBOI 3aCUIIKYU HAJ, METAIEBUMU
KOHCTPYKIiSIMU CIIOPYJ, Y 3aJIE5KHOCTI Bif] BEJIMYVHY CTYIEHIO YIIiJIbBHEHHS I'PYHTY HaBKOJIO METAJIEBUX
KOHCTpPYKLiii criopyy,. o € BaXXIMBUM NIPU BUKOHAHHI IPOEKTYBaHHS TPAHCIIOPTHUX CIIOPYZ, i3 30ipHMUX MeTaJIeBUX
roppoBaHUX KOHCTPYKUil. Y Ipyromy po3fiji HaBeeHO yIOCKOHANIEHUI METO], OLiHIOBaHHS HAaIIPY>KEHO-
Ie(pOPMOBAHOTrO CTaHy TPAHCIIOPTHUX CIOPYJ, i3 BpaXyBaHHSIM r€OMETPUYHUX Ta (i3UKO-MEXaHIYHUX 1apaMeTpiB
MeTayieBuX ropoBaHMX KOHCTPYKIi¥ TPAHCIIOPTHUX CIIOPYA. BcTaHOB/IEHO, 110 11pY 36i/blIeHH] BUCOTH 3aCUIIKA
HaJ, TYHEeJIbHUM LJISIXOIIPOBOJIOM i3 30ipHUX MeTasleBuX roPOBaHNUX KOHCTPYKLii i 3BHUKEHHI CTyIIEeHIO
VILIiJIbHEHHS IPYHTOBO]I 3aCHUIIKY, Bil0OyBA€THCS MiABUILIEHHS BEJIMUMH HAIIPy’KeHb Ta [1JIACTUYHOTO MIAPHIPY Y
METaJIeBUX KOHCTPYKLisIX. [IepeBUIlleHHS TONYCTUMOI BEJIMYVHY HANIPY>KEeHb Ta KOeillieHTy MJIACTUYHOTO MAPHIPY
BiZOyBa€eThCS TiJIBKY IIPU CIIJIBHOMY BILJIMBI HEZJOCTAaTHBOT'O CTYIIEHIO YIIiJIbHEHHS I'PYHTOBOI 3aCUIIKY Ta MifBUILEH]
BHCOTH 3aCUIIKU HaJl METaJIEBUMU KOHCTPYKLISIMU LJISIXOIIPOBOLY. Y TPETbOMY PO3[ijli pO3p06I€HO METOS
€KCIIEPMMEHTAJIBHOTO AOCJIIPKEHHS CTYIIEHIO YIIiIbHEHHS ['PYHTOBOI 3aCUNKY NIPYU OYyAiBHULTBI TPAHCIIOPTHUX
cropy/, i3 36ipHHUX MeTaeBuX rop)pOBaHMUX KOHCTPYKLiN. MeTo[ 6a3yeThcs Ha 3aCTOCYBAHHI Cy4aCHUX iHEPLiMHUX
TEXHOJIOTisIX. Y pe3ysbTaTi IPOBeAeHHs TPhOX LIMKIIiB BUIIPOOYBaHb IPYHTOBOI YIIIiJIbHIOIOYOI 3aCUIIKY Y 3aJ1€5KHOCT
Bifl CTYIIEHIO VILIiIbHEHHS I'PYHTY BCTAHOBJIEHO, 110 IIPU MiJjBUIIEH] CTYIIEHIO YIIiJIbHEHHS I'PYHTOBOI 3aCUIIKU
3MEHIIYETHCS Yac Pyxy 3ByKOBOI XBUJIi, ajle TPU LIbOMY MIBUIKICTb 361/IbIIYEThCS. Y Y4€TBEPTOMY PO3/iji IPOBEIEHO
OIIiHIOBaHHS HANPYyXeHO-1e(OPMOBAaHOI0 CTaHy 30ipHUX MeTajleBUX rTOPPOBaHUX KOHCTPYKLiil Tpyou i3
BpaxyBaHHIM (i3MKO-MeXaHiYHUX IIapaMeTpiB I'PYHTIB OCHOBU. BcTaHOBII€HO, 1110 ITPU MiJiBULIEHI MOLYJIIO
IIPY>KHOCTI I'PYHTY OCHOBM TPYOM 3MEHIIYIOTbCSI BEPTUKAJIBHI AedopMallii METalIeBUX KOHCTPYKLiN, OJHAK
IiIBUIIYIOTHCSI OCbOBI CUJIM B METAJIEBUX KOHCTPYKLiSIX TPyOU Ta TOPM30OHTAJIbHI Jepopmallii MeTasieBUX
KOHCTPYKLi#l TpyOu. Y I'siTOMY pO3Ziji HaBeJeHOo NPaKTU4HI peKOMeHallii i3 MifCcruieHHs] OCHOB TPaHCIIOPTHUX
CIIOPYZ, i3 30ipHMX MeTajIeBUX rOPPOBaHMX KOHCTPYKLi B yMOBax 3aJsiraHHs CJIabKUX [PYHTIB, 8 TAKOX
peKoMeHallil i3 MifBUIIeHHS HECYYOi 3aTHOCTI MOLIKO)KEHUX 3a1i300€ TOHHUX TPAHCIIOPTHUX CIIOPY], METOZIOM
3aCTOCYBaHHSI 30ipHMX MeTajieBUX roPPOBAaHMX KOHCTPYKLii. Ha 0OCHOBI npoBeneHnx 1a60paTopHUX
€KCIIEPMMEHTIB HaBeIeHO METOJ, OLIiHKU TifipaBJIiuHOro OIIOPY Ta BUTPAT METajleBUX rOpPOBaHUX TPYO y
3aJIEXKHOCTI Bifl cepeiHbOI BUAKOCTI PyXy BOAM B roppoBaHUX Tpybax. BcTaHOBIIEHO, O AJ1 BU6OPY
ONTHUMAJIbHOTO JIiaMeTpy OPOXHbOI BOLONPOIYCKHOI TPyOU MOTPIOHO 3HANTH Or0 3HAYEHHS [1J1s1 Pi3HUX
MOXUIMBUX BUTPAT i BUOPATU MaKCHUMaJIbHe, sIKe HaiboKye NiiXoquTh BUBHAYEHOMY €KCIIepUMEHTaIbHOMY
3HAYEHHIO, 200 BCTAHOBJIEHO HAa OCHOBi CTAaTUCTUYHUX JaHUX. TaKko>X BCTAHOBJIEHO, 1110 OCHOBHUMU PU3HUKaMU IIPU
OyIiBHULITBI TPAHCIIOPTHUX CIOPY], i3 36ipHUX MeTaleBUX ro(ppOBaHMX KOHCTPYKLIl HA C1a0KUX I'PYHTAX €
nedopmariii rpyHTOBOI OCHOBU. BOHM MOXKyTb ITPOSIBUTHUCS [IpY IIepeiadi 3yCUIb Bifi TPAHCIIOPTHOI CIIOPYIH i
3MiHHUX HaBaHTaXX€Hb, & TAKOX Bifl 3MiHM Qi3NKO-MeXaHIYHUX BJIaCTUBOCTEN I'PYHTIB OCHOBH Y Nepiof,
Oy[iBHULITBA Ta €KCIIJTyaTallii TPAaHCIIOPTHUX CIIOPYA. TakoX, pe3yJbTaTy PO3PaxXyHKiB [I0Ka3aJly, O JOLITIBHAM €
3aCTOCYBaHHS MaJlb 3 METOIO MiJIBUIIEHHS HECY40i 3[aTHOCTi OCHOB 30ipHUX MeTajleBUX rOPPOBAHNX KOHCTPYKLIN
TPaHCIIOPTHUX CIIOPYA, P iX Oy[iBHULTBI Ha c1abkux I'pyHTax. Kintouosi cyiosa: 36ipHi meTanesi roppoBaHi
KOHCTPYKLii, LWIiHAPUYHI 060JI0HKY, aBTOMOO1/IbHA JOPOra, 3€MJISIHE T10JIOTHO, JOPO>KHIN OKPUB, LIJIIXONPOBIif,
BOJOIPOIyCKaJbHA TPYOa, METOJ, CKIHY€HHUX €JIEMEHTIB, HAlIPpyK€HO-4,e(POPMOBAHUI CTaH, KOePillieHT

IJIACTUYHOTO LIAPHIpPY, CTYMiHb YIiJIbHEHHS I'PYHTOBOI 3aCUIIKY, BUITYKYBAHHS, JOPOXKHS KOHCTPYKILisl.

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

MicueSHaxo,q)KeHHﬂ: ByJ. M. OMengnoBuya-IlaBnenka, 6ya. 1, Kuis, 01010, Ykpaina
dopma BracHOCTI: J/lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEpPCUTETCHKUI

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bongapenko Jliogmuina IletpiBHa

2. Liudmyla Bondarenko



KBasigikamnis: . t. u., nouent, 01.02.05

InenTudikarop ORCHID ID: He sactocoyerbcs

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HauioHanbHuMil TPAHCTIOPTHUMIA YHIBEPCUTET

Kopg 3a €IPIIOY: 02070915

Micue3HaxoaKeHHS: ByJl. M. OMengHoBuua-IlaBnenka, 6ya. 1, Kuis, 01010, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEpPCUTETCHKUI

VIII. 3aKkJIr04Hi BiZoMOCTi

BiiacHe IIpizBuie Im's Ilo-6aTbKOBI

TOJIOBH pajgu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

roJIOBYIOYOrO Ha 3aciJaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIIOBiZaJIbHUM 3a peeCcTpallilo HayKOBOi

OisIIBHOCTI

Crnasincbka Osena CepriiBHa

Cnasincbka OsieHa CepriiBHa

IBanymko Onexkcanap MuxkosanoBuy

VKpIHTEI

FOpuenko Tersna AHaTosiiBHa



