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AHOTALUS

Hepuzemnst C.B. HanpyxeHno-nepopMoBaHuii ctaH cTane3anizo0eTOHHUX
MPOroHOBUX OyJOB 3 pallloHAII3allEl0 1X TEOMETPUYHUX NapameTpiB. —
KranidikamiifHa HaykoBa mparisi Ha IpaBax PyKOIMUCY.

Hucepraitis Ha 3700yTTS HAYKOBOTO CTYNEHS KaHAMJATa TEXHIYHUX HAYK
(moxropa ¢inocodii) 3a cneuianpHicTio 05.23.01 — OyniBenbHI KOHCTPYKIIII,
Oynisai Ta crnopynu (19 — Apxitekrypa Ta OymiBHUUTBO). — YKpaiHChKUH
Jep>KaBHUM YHIBEPCUTET 3aJII3HUYHOTO TPAaHCHOPTY, Xapkis, 2021.

JlucepTarlisi MpUCBSYCHA JOCITIKEHHIO HAMpPY>XKEHO-1e()OPMOBAHOTO CTaHy
(HAC) crane3anizo0eTOHHUX MPOrOHOBUX OYIOB, IO MPAIIOOTh HA 3TUH, TIPU i1
MOCTIMHOTO 1 THMYacOBOTO HABAaHTAKCHHS. AKTYalbHICTb TEMH JIUCEPTAI[IHHOT
poOOTH 3yMOBJICHA TUM, III0 ICHY€E JJOCTATHS KUIbKICTh HEJIOOMPAIlbOBAHUX IMUTAHb
3 JOCHIKEHHS POOOTH 1 PO3PaXyHKYy CTajae3ani300€TOHHUX €JIEMEHTIB, IO
Npalo0Th HAa 3TUH, SKI MOTPEOYIOTh YIOCKOHAJIEHHS, y TOMY YHCJ1 METO/IB
pO3paxyHKy TaKuX KOHCTPYKIM, a TakKoX MpoLUeaypu IiX ONTHUMAJIbHOTO
IPOEKTYBaHHS.

Y Berymi mpencraBieHa 3arajlibHa XapaKTepUCTUKa poOOTH, HaBeIEHI
aKTyaJbHICTh, 3BSI30K 3 HAyKOBUMH TeMaMH, cPOpMYIbOBaHI I 1 3amadi
JOCJTIJPKEHb, ONHUCaH1 MTPaKTUYHA 3HAYMMICTh 1 HAyKOBa HOBHU3HA.

VY mepmomMy po3aijii BUKOHAHO OIJISIT HAYKOBOI JIITEpATypH MO0 POOOTH
CTayie3ami300€TOHHUX ~ KOHCTPYKIlIA, SKI IIMPOKO  3aCTOCOBYIOThCS  IMpHU
OyIIBHUIITBI 1 PEKOHCTPYKIIT OyiBedb 1 CIOPY Y BCbOMY CBITI, MPOSKTYBAHHS
SAKUX PETrNIAMEHTYEThCS PI3HUMH HOpPMAaTUBHUMH JokymeHTamu. Illupoxe
3aCTOCYBAaHHS ITUX KOHCTPYKIIIH 0OYMOBJICHO €KOHOMIEIO MaTepialiB, 3HKCHHIM
TPYJOMICTKOCTI BHUTOTOBJICHHS, CKOPOYCHHSM TEpMIiHIB MOHTaxy. HasemeHo
OCHOBHI  THUNM  KOMOIHOBAaHWUX  TOMEPEYHUX  TEpepi3iB, SAKi  MOXYTh
3aCTOCOBYBATUCh SIK NpU OYMIBHUIITBI, TaK 1 IMPU PEKOHCTPYKIli OyAiBeslb Ta
criopya pizHOro mpusHaueHHsA. OOTPYHTOBAHO AOIUTHLHICTh BUKOPUCTAHHS TaKHX
KOHCTPYKIIi. PO3rsiHyTO ICHYIOUI METOJMKH PO3PAXyHKY CTalie3a1i300€TOHHUX

€JEMEHTIB, IO MpaIlol0Th Ha 3ruH. bimem getanpHe gocmimkenHs HJC



KOMOIHOBaHUX KOHCTPYKI[IA MOKJIMBE Ha 0a3l HENHIMHUX MOJENeH, AKI MOXYTh
Bi10OpakaTl poOOTY KOHCTPYKIIII HAa BCiX €Tamnax HaBAaHTAaXEHHS 1 10 MOMEHTY
pYHHYBaHHS, IO BaXJIMBO BPAaXOBYBATH MPH TMPOCKTYBaHHI Ta PO3PaAXyHKY
OyxiBenb Ta cropya. BukoHaHO Orisa iCHYIOUMX MPOTPAMHHUX KOMIUIEKCIB IS
MOJICJIIOBaHHSI POOOTH CTalle3a1i300€TOHHUX KOHCTPYKIIIM METOJIOM CKIHUEHHHX
enemeHnTiB. CyyacHi MporpaMHi KOMIUIEKCH J03BOJISIIOTH Peali3oBYBaTH 3ajadi, K
B MPYXKHIM, Tak 1 B HENIHIMHIA MOCTaHOBII, IPHU IILOMY BPaXOBYIOYHM BCl BUAU
HaBaHTaXE€Hb, B TOMY YHCII1 1 TEMIIEpAaTypHUIA HarpiB.

[Topsig 3 MMPOKUM JOCBIIOM MPOEKTYBaHHS CTaNIEOSTOHHUX KOHCTPYKIIIH
3aUIIAETBCS  PSAJ  HEAOCTAaTHHO ONPAlbOBaHWX TNHUTaHb, Yy TOMY YHCII,
parioHaizallisi TeOMETPUYHUX IapaMeTpiB TOMEPEeYHUX TMepepi3iB, a TaKoK
NUTAaHb 100 YAOCKOHAJIEHHS X METOJIB pO3paxyHKy. Buxomsum 3 ychoro
BHUIIE€3a3HAYCHOT0 OYJ10 C(hOpMYJIHOBAHO OCHOBHI 3aj1a41l JOCIIIIPKSHHS.

Y npyromy po3aijii mpeacTaBiieHl TEOPETUYHI JOCTIKEHHS KOMOIHOBaHUX
MOTIEPEYHMX MEePepi3iB 1 KOHCTPYKTUBHUX CUCTEM OAJIOUHHMX CTase3ali300€TOHHUX
IPOTrOHOBUX OYI0B MOCTIB. P03p00sieHO anropuTM paliioHasizallii MmornepevyHux
nepepi3iB IUITXOM BapilOBaHHA iX TE€OMETPUYHHUX IapaMeTpPiB, 3aCTOCOBYIOUHU
METOJ  TPHUBEICHOrO Iepepidy Ta  BPaxOBYKOUHM BHOpaHHN  KpHUTEpii
ontuManbHOCTI. [IpoBeneHO TOPIBHAHHSA  3alPOIIOHOBAHOTO  PIBHOMIITHOTO
KOMOIHOBAHOTO TIepepi3y 3 ICHYIOUMMH aHAJOTIYHUMHM Tepepi3aMH, Y TOMY YHUCIHI
MOPIBHAHHSA iX IMOKa3HWKIB BapTocTi. HaBeneHa 3arajibHa IOCTaHOBKA 3ajadi
ONTUMAJILHOTO MPOEKTYBaHHS Ta CXeMa MOCIHIJOBHOCTI peaizallii 3aponoHOBaHO1
mpoueaypu ontumizarii. Ha mpuxmami TpumporoHoBoi HEpO3pi3HOiI Oanku Ha
MPY)KHO-TIOJATIMBUX ~ OMOpPax  peajli3oBaHO  3alpONOHOBAHWN  alTOPUTM
omTUMI3aIlii JUIsi TOMIYKY ONTHUMAJIbHHUX PIMIeHh 0araTOMPOTOHOBUX CTATUYHO
BU3HAYCHUX 1 CTaTUYHO HEBU3HAUYCHHX OAJOYHUX CHCTeM. Y pe3yabTaTi
3aCTOCYBaHHSI alTOPUTMY, OTPUMAHO ONTHMAJIbHI KOHCTPYKTHBHI PIIICHHS IS
0araTonporoHoBoi OajiKu 3 MIApHIpaMH Ha KpaiHIX MpOroHax; 0araTomporoHOBOi
0aJiku 3 MIapHIpaMu y CEPeAHbOMY MPOroHi; OAJNKU 3 OJJTHOCTOPOHHIMU OMIOPHUMU

3B’SI3KaMM; OajKkyd 31 3MIIMIEHUMHU OIlopaMu; Oalkd 3 MPYKHO-TOAATIMBUMU



3B’s13kamMu. Pe3ynbTaTu onTuMizalii BCiX OasloK, BpaxOBYIOUHM IO HNOCTIMHHUX 1
THUMYacCOBUX HaBaHTaXXeHb, HaBeleHl y TabnuuHid ¢opmi. Ilokazano, 10
ONTUMAJIbHI PIMIEHHS ICHYIOTh SIK Y MHOXHHI CTaTUYHO BHM3HAYEHUX, TaK 1 y
MHO>KHHI CTATUYHO HEBU3HAYCHUX CHUCTEM.

Y TperbomMy po3aiJi omnucCaHi OCHOBHI MPUHIMIM MOJCITIOBAHHS
OyIIBETbHUX KOHCTPYKIIIH, 13 3aCTOCYBAHHSIMIPOTPAMHUX KOMIUIEKCIB, fKI
peani3yroTh METOJ CKIHUEHHHUX elleMeHTiB. 00’ €KTOM JOCHIIKeHHs 0yJI0 BUOpaHO
HEPO3PI3HY CTale3ali300€TOHHY TPOTOHOBY OYyJIOBY MOCTY. Y pe3yibrati
JAOCTI/DKEHHSI ~ BUKOHAHO  CKIHUEHHO-EJIEMEHTHE  MOJCNIOBaHHS  poOOoTH
TPUIIPOTOHOBOTO  Mocty, 3acrocoBytoun [IK  JIIPA-CAIIP 2018 Pro
(Jlimensist Ne1/6638), 3 MeTOIO MEPEBIPKU 1 YTOUYHEHHS PE3YJIbTaTIB, SKI OTPUMAHO
IIJITXOM peajizallii 3amporoHOBAaHOTO AJITOPUTMY ONTHMI3allii, 3 ypaxyBaHHSIM
O6ararocTafiiHOi pPOOOTH MPOrOHOBOI OY/IOBM (KOHCTPYKTHBHA HENIHINHICTS),
¢b13u4HOT HETIHIMHOCTI 1 MOB3Yy4OCTI OCTOHY, MEpPepO3NOILTy 3YCHUIb B CHITY
MOJATIIMBOCTI THYYKOTO 3’ €JTHAHHS 10 KOHTAaKTy MK O€TOHOM 1 ctaimo. DizudHa
HEeJTIHIHHICTh OyJla BpaxoBaHa 3a €KCIIOHEHIATBHOIO JiarpamMoro aehopMyBaHHSI
OeToHy 1 Matepiany, 1o apmyetbcs (21-if 1 11-ii 3akoH nedopmyBaHHS).
BpaxyBanHs moB3y4docTi O€TOHY BHKOHAHO Yy BIIMOBIAHOCTI 10 €Bpokon 2.
Po3paxyHok mnepenbadae moOyJOBY IUIaCTUHYATO-CTEPKHEBOI PO3PaXyHKOBOI
CXEMH 3 3aCTOCYBaHHSIM YHIBEpCAIbHUX CTepKHEBUX CKiHYeHHUX eneMeHTiB (CE)
JUIS. MOJICITIOBaHHS OaniouHoi perritku 1 ¢dizuko-HemiHiiHUX CE o0omoHKH s
MOJICIIIOBaHHS IUIMTH TMPOI3HOI 4YacTUHU. Mojenb OyIyeThcs y Mekax Bciel
MPOroHOBOi OymoBH. 3abe3leueHHs] CYMICHOI pOOOTH €IEMEHTIB Iepepi3y
BUKOHAHO 32 JOTIOMOT0I0 aOCOIIOTHO JKOPCTKUX TUI, a TakoX ABOXBY3NoBUX CE
NPYKHOTO 3B’A3KY 13 3aJIaHOI0 JKOPCTKICTIO JUIsI MOJETIOBAHHS POOOTH THYUYKHX
YTOPiB.

Po3paxyHok Oyn0 BUKOHAHO 3 ypaxyBaHHSM €TAITHOCTI HABAHTAXKCHHS ITi]T
yac MOHTaxy Ta mii pyxomoro HaBaHTaxkeHHss HK-100 1 A-15. Pesynbratu

pPO3paxyHKy HaBeACHI JJI1 BUIAAKY HAWOUIBIII HEBUT1THOTO 3aBaHTAXKCHHS.



EdekTuBHICTD cTane3ani3o0eTOHHUX KOHCTPYKIIIM 3 4acOM HE 3HUKYETHCS 1
Oyze 3aiexxaTd Bl pallOHAIBHOTO CKJIaay OETOHY, MPHU SIKOMY MIHIMI3YIOThCS
nedopmaiiii MOB3Y4YOCTi; 1 ONTUMAIbHUX CHIBBIAHOIIEHh KOHCTPYKTHUBHUX
napameTpiB CIOPY/IH.

SIK TOKa3ylTh PO3PaxXyHKH, BpaxyBaHHS IMOCIIAOBHOCTI 3aBaHTaKCHHS
MOJieJll MPOrOHOBOi OyAOBH 1 MOJATIMBOCTI MO KOHTaKTy OETOHY 1 crail
MPU3BO/IATH 0 3MEHILIEHHS BIUTUBY TUIMTH MPOI3HOI YaCTMHM Ha HECYdy 3/1aTHICTh
ciopyau. TakoX YCTaHOBJIEHO, III0 IUIACTMYHI BJIACTUBOCTI MaTepiaiiB 1
JOBrOTpUBAJII MPOIIECH, SIK1 BiIOYBalOThCS B 00’ €IHAHOMY TMepepi3i, BIUIMBAIOTh HA
HJIC, 30unp1ytoun 3ruHajibHAA MOMEHT 1 AedopMallii y CTaJIeBUX OanKax.

VYaockoHaneHa METOJMKa MOJICTIOBAHHS J03BOJIMJIA BUKOHATH aHami3 1
ominky H/IC, a Takok BCTAHOBUTH HECy4y 3AaTHICTh MPOTOHOBOI OYTOBH MOCTY
Ta BHM3HAYUTH pallOHAIbHY KOHCTPYKIII0O KOMOIHOBaHOTO TMepepidy Juis
BlamoBigHOCTI HaBaHTaXeHHsIM HK-100 1 A-15.

VY pe3ynbraTi BUpINICHHS MOIIYKOBOI 3ajadi MigiOpaHO JBa TUIOPO3MIpHU
MOTIEPEYHMX TIepepi3iB, a TaKoXK y TaOau4Hid ¢GopMi HaBEJACHO MOPIBHIHHS
KOMOIHOBaHUX IIepepi3iB, OTPHUMAHUX CIOJYYEHHSM MPOIEAYpH OINTHUMI3aIii 1
KOMIT IOTEPHOTO MOJICTIOBAHHS. Y TOYHEHHSI PO3MIPIB, OTPUMAHUX 32 JOIMIOMOTOI0
[TK JITIPA CAIIP no3BoiMiI0 3HU3UTH BUTPATU MeTaly Ha 6-11%.

Y  derBepTOMY PpO31iJIi BUKOHAHO  BIPOBA/DKEHHS  PE3YJIbTATIB
JUCEPTAIIfHOI pOOOTH B MPAKTHKY OYMIBHUIITBA 1 PEKOHCTPYKIII TPAHCTIOPTHUX
CHOpYJ, 3aCTOCOBYIOUH 3aMpoNOHOBAHUN JITOPUTM ONTUMAJILHOTO
NPOEKTYBaHH], a TaKOX YAOCKOHAJIEHWH PO3PaxyHOK CKIHUEHHO-EJIEMEHTHOI
MOJIeTl TPOTrOHOBOI OYyIOBM CTane3aidi300€TOHHOIO MOCTY, OTpUMaHUN 3a
nomomoroto [1IK JIIPA-CAITIP 2018 Pro (Jlimenzis Nel/6638). 3ampomoHoBaHi
pitmieHHss Oynu peai3oBaHi B MPOEKTHUX PIMICHHAX B MEXKaX TOCIIOTOBIPHUX
HAyKOBO-JIOCTITHUX POOIT 3 pO3pOOKH MPOEKTHO-KOIMITOPHUCHOT JTOKYMEHTaIlli Ha
KamniTalbHUNA PEMOHT MOCTIB: yepe3 p. Bepen aBTOMOOLIBHOT 10POTH JEPKAaBHOTO
3HaueHHs1 P-69 KuiB — YepHniriB y Yepniriscbkiit odsacti (Ne JIP 0121U112723);

Ha aBTOMOOUIBHIA J0po31 3arajnbHOro kopuctyBanHs 0221801 Yamnmnka —



HoBotpoinpke — Puxose Ha aursgaii 0+000 — km 20+000 y XepcoHCbKii 00J1acTi
(Ne IP 0121U112720).

3anpornoHOBaHUN aJITOPUTM ONTHMAJIBHOTO TMPOEKTYBAaHHSA 1 TMOIIYKY
palioHAJIbHOI0 KOMOIHOBAHOTrO Mepepizy Oysio 3aCTOCOBAHO NMPHU MPOEKTYBaHHI 1
PEKOHCTPYKIIIT 00’ €KTIB COPY TPaHCIIOPTHOrO Npu3HadeHHs y ¢iii «IIpoekTHo-
BUIITYKYBaJbHUI IHCTUTYT 3aJII3HUYHOTO TpaHCTOPTY» AT «YKp3ami3HUIIS».

Pesynbratu qocnimkeHpb 3HAWIUTA TPAKTUYHE 3aCTOCYBAHHS Y HABYAJIEHOMY
IpoLeci NP MiATOTOBIII MaricTpiB-HAYKOBIIB 1 JOKTOPIB (putocodii 3a OCBITHIMHU
nporpamMamMu «3aji3HUYHI CIIOPYIX 1 KOJd1iHE rocrnofgapcTBo» 1 «byniBHUITBO Ta
UBUIbHA 1HXEHepis» B YKpaiHCbKOMY JEp:KaBHOMY YHIBEPCHUTET] 3aJII3HUYHOIO
TPAHCIIOPTY.

KarouoBi ciaoBa: crane3anmizoO0eToHHa Oajika, cTaje3ali300€eTOHHA
nporoHoBa OyJ0Ba, PO3PAXyHOK crajebe3aniz00eTOHHOT Oalku, Hampy»KeHO-
nedopMOBaHMI  CTaH,  pallioHami3aliss  Iepepizy, CKIHYCHHO-CJIIEMEHTHE

MOJCIIOBaHH.

ABSTRACT

Deryzemlia S.V. The Stress-strain State of Steel-concrete Spans Using
Rationalization of their Geometrical Parameters. — Qualifying scientific work on
the rights of the manuscript.

The dissertation for the degree of the candidate of technical sciences (doctor
of philosophy) on the speciality 05.23.01 — building constructions, buildings and
structures (19 — Architecture and Construction). — Ukrainian State University of
Railway Transport, Kharkiv, 2021.

The dissertation is devoted to the research of the stress-strain behaviour of
steel-concrete spans work on bending under dead and temporary load. The
relevance of the topic of the dissertation work is due to the fact that there are a
sufficient number of immature questions on the study of the work and calculation

of steel-concrete elements working on the bend, which require improvement,



including methods for calculating such structures, as well as procedures for their
optimal design.

The Introduction presents the general characteristics of the work, provides
relevance, connection with scientific topics, research goals and objectives are
formulated, the practical significance and scientific novelty are described.

The First Chapter reviews the scientific literature of steel-concrete
structures work, which are widely used in the construction and reconstruction of
buildings and structures around the world, the design of which is regulated by
various regulatory documents. The widespread structures using is due to saving
materials, reducing the manufacturing labor intensity, and reducing erection time.
The main types of composite cross-sections that can be used both in the
construction and reconstruction of buildings and structures for various purposes are
given. The expediency of using such structures is justified. Existing methods for
calculating steel-reinforced concrete elements working on bending are considered.
Existing calculation methods of steel-concrete elements working on bending are
considered. A more detailed study of stress-strain behaviour of composite
structures is possible on the basis of nonlinear models that can reflect the operation
of the structure at all stages of loading and up to the moment of destruction, which
Is important to take into account during designing and calculation of buildings and
structures. The overview of existing software packages which based of finite
element method to modelling of steel-concrete structures work is performed.
Modern software packages allow to implement tasks in both elastic and nonlinear
formulation, while taking into account all types of loads, including temperature
heating.

Along with extensive experience in designing steel-concrete structures, a
number of insufficiently developed issues remain, including rationalization of
geometric parameters of cross-sections, as well as issues related to improving their
calculation methods. Based on all of the above, the main objectives of the study

were formulated.



The Second Chapter presents theoretical studies of composite cross-
sections and structural systems of steel-concrete beam spans of bridges. An
algorithm for cross-sections rationalization is developed by varying their geometric
parameters, using the reduced cross-section method and taking into account the
selected optimality criterion. The proposed equal composite cross-section is
compared with existing similar cross-sections, including their cost indicators
comparison. The general statement of the optimal design problem and the scheme
of the sequence of implementation of the proposed optimization procedure are
given. Using the example of a three-span continuous beam on elastically malleable
supports, the proposed optimization algorithm is implemented to find optimal
solutions for multi-span statically defined and statically indeterminate beam
systems. As a result of applying the algorithm, optimal design solutions are
obtained for: a multi-span beam with hinges on the extreme purlins; a multi-span
beam with hinges in the middle span; beams with one-sided support joints; beams
with displacement supports; beams with elastic-pliable connections. The results of
optimization of all beams, taking into account the effect of constant and temporary
loads, are shown in Tabular Form. It is shown that optimal solutions exist in both a
set of statically determinated and a set of statically indeterminate systems.

The Third Chapter describes the basic principles of modelling building
structures using software packages that implement the finite element method. The
object of the study is a continuous steel-concrete span structure of the bridge. As a
result of the study, finite element modelling of the three-span bridge work was
performed, using Lira-CAD 2018 Pro (License No. 1/6638), in order to check and
clarify the results obtained by implementing the proposed optimization algorithm,
taking into account the multi-stage work of the superstructure (structural
nonlinearity), physical nonlinearity and concrete creep, the redistribution of forces
due to the pliability of the flexible joint on contact between concrete and steel.
Physical nonlinearity was taken into account using the exponential deformation
diagram of concrete and reinforced material (the 21st and 11th deformation laws).

Concrete creep accounting is performed in accordance with Eurocode 2. The



calculation involves the construction of a plate-rod design scheme using universal
rod finite elements (FE) for modelling a beam grid and physical-nonlinear FE
shells for modelling a roadway plate. The model is built within the entire span
structure. Ensuring the joint work of cross-section elements is performed using
absolutely rigid bodies, as well as two-node elastic coupling elements with a given
stiffness for modelling the work of flexible studs.

The calculation was performed taking into account the stage load during
installation and the action of the NK-100 and a-15 mobile load. The calculation
results are given for the case of the most unprofitable load.

The efficiency of steel-concrete structures does not decrease over time and
will depend on the rational concrete composition, which minimizes creep
deformations; and optimal ratios of structural parameters of the structure.

Calculations show that taking into account the loading sequence of the
superstructure model and the compliance with the contact of concrete and steel
lead to a decrease of the roadway plate influence on the load-bearing capacity of
the structure. It was also found that the ductile of materials properties and long-
term processes that occur in the composite cross-section affect the stress-strain
behavior, increasing the bending moment and deformations in steel beams.

The improved modelling technique allowed to analyze and evaluate the
stress-strain behaviour, as well as establish the load-bearing capacity of the bridge
span and determine the rational design of the composite cross-section to meet the
loads of the NK-100 and A-15.

As a result of the search problem solving, two standard sizes of cross-
sections are selected, and a comparison of the composite cross-sections obtained
by combining the optimization procedure and computer modelling is presented in
tabular form. The dimensions refinement obtained using the Lira CAD made it
possible to reduce metal consumption by 6-11%.

In the Fourth Chapter, the results of the dissertation work were introduced
into the practice of construction and reconstruction of transport structures, applying

the proposed optimal design algorithm, as well as an improved calculation of the



finite element model of the superstructure of a steel-concrete bridge obtained using
the Lira-CAD 2018 Pro (license No. 1/6638). The proposed solutions were
implemented in design solutions within the framework of contractual research
works on the development of design and estimate documentation for major repairs
of bridges: across the Verep river of the highway of state significance R-69 Kiev-
Chernihiv in the Chernihiv region (No. SR 0121U112723 ); on the public road
0221801 Chaplynka-Novotroitske-Rykove on the section 0+000-km 20+000 in the
Kherson region (No. SR 0121U112720).

The proposed algorithm for optimal design and search for a rational
composite cross-section was applied in the design and reconstruction of transport
facilities in the branch "Design and Survey Institute of Railway Transport",
JSC "Ukrzaliznytsia".

The results of the research have found practical application in the
educational process in the training of masters-scientists and doctors of philosophy
in the educational programs "Railway Structures and Track Management” and
"Building and Civil Engineering” at the Ukrainian State University of railway
transport.

Keywords: steel-concrete beam, steel-concrete span, calculation of the steel-
concrete beam, stress-strain state, rationalization of cross-section, finite element

modelling.



NEPEJIIK OITYBJIKOBAHUX IPAIIb 3A TEMOIO TUCEPTAIII
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BCTYII

AKTyaJIbHiCTh po00TH. PO3BUTOK OyniBHUITBA OOYMOBIIIOE BUKOPUCTAHHS
CYyJaCHHX TEXHOJIOTi Ta KOHCTPYKTMBHHUX pIIICHb K MPH CHOPYIKEHHI HOBUX,
TaKk 1 PEKOHCTPYKIIl ICHylouux OyniBesnb 1 crnopya. [lomyk paimioHanbHUX
CIOJIy4eHb KOHCTPYKIIM TICHO TOB'S3aHUM 3 TUTAaHHIMU €(QEKTUBHOIO
BUKOPUCTaHHS OyAIBEIBHUX MaTepialiiB 3 TOYKA 30py  PALIOHATBHOTO
BUKOPHUCTAaHHS 1X MIIIHICHUX BIACTHBOCTEH, a TaKOX ONMTHMI3allii TeOMETPHUYHUX
napaMmeTpiB KOHCTPYKLINA MpH 3a0e3MeueHH1 iX Hecy4yoi 3AaTHOCTI.

3actocyBaHHs B MPAKTHUIIl CY4acHOro OYJIBHMITBA KOMOIHOBaHMX
KOHCTPYKIII, €I€MEHTH SKUX BUKOHAaHI 13 CTajJeOeTOHy Ta CTane3ani300eToHy,
OpU3BOJAUTH JI0 CYTTEBOI €KOHOMIi OyAiBeNbHUX MartepiajiB, 3HUKEHHS
€Hepro3arpar Ta CKOpouye TepMiHU Oy1IBHUIITBA.

3 MOITyKOM HOBUX KOHCTPYKIIIH, 110 BiAMOBIAaIM 6 BUMOraM OyaiBHUIITBA
Ta eKCIUTyaTallii TUX YW IHIIUX CIOPYHA, HAa ChOTOJAHINIHIA JeHb 3HAYHY yBary
OPUIUISAIOTh  CTaNe3ali300€TOHHUM  eJIeMeHTaM. YTPOJOBXK PO3BUTKY Ta
BIIOCKOHAJICHHS CTaJie3a11300€TOHHI KOHCTPYKI[li HAaOyJIM 3HAYHUX 3MIH 3 TOUKH
30py 3a0e3medyeHHs cyMmicHOi poOoTu OeroHy Ta cTaji. Taki KOHCTPYKIIii
noTpeOyIOTh TMOCTIHHOTO JMOCTIIKEHHS Ta YJOCKOHAJICHHS 3 METOI 3HIKCHHS
BJIACHOI Baru, (HiHAHCOBMX 3aTpaT Ha BUTOTOBJICHHS TOIO. PimeHHs Takoi 3amadi
MOKe OyTH TpelcTaBieHO y (Gopmi 3amadl ONTUMI3aIii KOHCTPYKIH, B SKOMY
ONTUMAJILHUN TPOEKT BIAMOBIAAE 3aJaHOMy KPUTEPIIO MPU BUKOHAHHI YMOB, IIIO
3a0e3MneuyoTh HaJliHYy pOOOTY KOHCTPYKIIIi.

[Topsan 3 ynOCKOHAJICHHSM 1HXKEHEPHUX METOJIB PO3PAXYHKY, Y TOMY YHCII
3 YBEJCHHSIM iX y HAI[lOHAJIbHI HOPMU TPOCKTYBAaHHS, aKTyaJbHUM 3aBIIaHHSAM €
po3poOKa Ta EKCHepUMEHTAIbHO-TEOPETHUHE OOTPYHTYBAHHS KOMIT IOTEPHUX
MoJieNel Isl pO3paxyHKY CTalle3ali300€TOHHUX KOHCTPYKIIM 3 BHUKOPUCTaHHIM
CydJacHUX TMPOTPAMHUX KOMIUICKCIB, SKI peali3yloTh METOJl CKIHYCHHHX
€JIEMEHTIB.

Takum 4YuHOM, JucepTaliiiHa poOoTa cHpsiMOBaHa Ha pallioHaI3alliio0

KOHCTPYKTUBHOT'O PIIIEHHS CTajie3a1300€TOHHOT0 Tepepi3y MPOTOHOBUX OYJIOB



MOCTIB, @ TaKOXX Ha pPO3pOOKY iX CKIHYEHHO-€JIEMEHTHUX MOJEJel 3 METOIo
MEPEBIPKU 1 YTOUYHEHHSI OTPUMAaHUX PE3yJIbTaTiB, @ TAKOXK ONUCY iX HAIpPY>KEHO-
nedopmoBanoro crany (HJIC) 3 ypaxyBaHHsIM poOOTH KOHCTPYKIIIT HA CTamisx il
3BEJICHHS, € aKTYaJIbHOIO Ta Ma€ TEOPETHYHE 1 MPAKTUIHE 3HAUCHHS.

3B's30k po0OTH 3 HAYKOBUMHM MpPOrpaMamMi, IUVIAHAMH, TEMaMHU.
HucepraniiiHa poOoTa BHUKOHAHA B paMKax TeMaTuku Kadenpu OyaiBeIbHOT
MEXaHIKM Ta TIAPABIIKKM YKPaiHCHKOTO JIEP>KaBHOTO YHIBEPCUTETY 3aJ13HMYHOTO
tpancnopty 3a 2015 - 2020 pp.: «TeopernuHi Ta eKcepUMEHTaIbHI OCHOBHU
BU3HAYCHHs, TMPOTHO3YBaHHA Ta 3a0e3medeHHss Hecydoi 3JaTHOCTI Ta
JOBTOBIYHOCTI TPAaHCHOPTHHX CHOPYJ B YMOBax AarpecMBHUX  BIUIMBIBY
(Ne JIP 0119U100295), a Takox y paMKax HayKOBO-TOCIIIHUX POOIT MI0A0
BIJTHOBJICHHS] TEXHIYHOTO CTaHY MOCTIB XapKiBChbKO1, XepCOHCHKOI 1 YUepHIriBCHKOT
obmacreit (Ne JIP 0121U112720, 01210112723, 0121U112722).

MeTa aociaigKeHHs1 — pallioHaII3allisl Mepepi3iB Ta METOMIB PO3PaXyHKY
CTaje3ai300€TOHHUX TMPOTOHOBUX OYJAOB MOCTIB IIUISIXOM BapilOBaHHS iX
r€OMETPUYHHX MapaMeTpiB.

O0'exT p0CaiTKeHHs — cTaje3ari300eTOHHA TTPOroHOBa Oy/JI0Ba MOCTY 13
3113006 TOHHUM BEPXHIM IOSCOM, IO TIPAITIOE HA 3THH.

Ipeamet nocaigxenns — Hecyda 3aatHicTh Ta HIC crane3anizobeToHHOT
IPOrOHOBOI OYJIOBM MOCTY 3 ypaxXyBaHHSAM pallioHamizaiii iXx TreoMeTpUIHUX
napameTpis.

3agayi qocaigKeHHA:

- PO3poOWTH METOAMKY TOIIYKY palliOHAJIBLHOTO TMepepidy craje3anizo-
OETOHHOT MPOTOHOBOT OYTOBH MOCTY 3a KPUTEPIEM PIBHOMIITHOCTI;

- pO3pOOUTH aJTOPUTM ONTHUMAJIBHOTO TPOEKTYBAHHA KOHCTPYKTHUBHOT
CHUCTEMH CTaJIe3a]11300€TOHHOTO MOCTY;

- BUKOHATH CKIHYEHHO-EJIEMEHTHE MOJEIIOBAHHS KOHCTPYKLII MPOrOHOBOI
OyJ1I0BU CTas1e3a11300€TOHHOI0 MOCTY 3 YpaxyBaHHSIM OTPUMAHOI0 Pal[iOHATBLHOTO

nepepizy s onucy oro HJC;



- pocimigutu HJIC KOHCTpyKIii TPOroHOBOI OyAOBHM MOCTY IiJl JI€I0
MOCTIMHOTO 1 THUMYAacOBOIO HABAHTAXKEHHS 3 YpaxXyBaHHSIM HEJIIHIMHUX
BJIACTUBOCTEHN MaTepiajiB, IOB3YYOCT] Ta TEHETUYHOI HEIIHIMHOCTI KOHCTPYKIIIi.

MeToam aociaigeHHs1 — METOU OY1BEIbHOT MEXaHIKH, TEOPii MPYKHOCT1
Ta TUIACTUYHOCTI, MEXaHIKM TBEPAOro Ae(OPMOBAHOIO Tila MPU TEOPETHUHUX
nocmimkenasx HJC crane3anizo0eTOHHHX 0ajloK; METOJ CKIHYCHHHMX CJIICMCHTIB
JUTSL YMCENIbHOI peaizallii po3paxyHKy KOHCTPYKIIi IPOroHOBOi OyJAOBH; METOAU
MaTEMaTUYHOI CTATUCTUKHU JIJISl aHAI3Y Ta MOPIBHAHHS pPe3yJIbTaTIB TOCIIIKEHHS.

HaykoBa HOBM3HA OTPUMAHMX Pe3YJIbTATIB MOJIATA€ B HACTYITHOMY:

- 3alpPONOHOBAHO PAIlIOHANIBHUN Mepepi3 cTane3ani300eTOHHO1 IBOTaBPOBOT
OaJIK¥ 3 BJACTUBOCTSIMU PIBHOMIITHOCTI;

- 3aMpPONOHOBAHO AJNTOPUTM ONTHMAJIBHOTO MPOEKTYBAHHS KOHCTPYKIII Ha
NPUKIIAJIl TPUIIPOTOHOBOI OY/TOBU MOCTY;

- YJOCKOHAJIEHO CKIHYEHHO-€JIEMEHTHY MOJIeNb TIPOrOHOBOi OYyI0BU
CTaJIe3a11300€TOHHOTO MOCTY 3 ypaxyBaHHSIM 3allPOIIOHOBAHOTO PalliOHAIBHOTO
MOTIEPEYHOro Mepepizy;

- ynockoHaneHo Metoauky ominku HJIC koHCTpyKIlid mporoHoBoi OyaoBU
CTaje3alli300€TOHHOI0 MOCTY 3 ypaxXyBaHHSM IIPOIEAYpPH ONTHMI3aIii Ta 3
ypaxyBaHHSIM HEIHIMHMX BJIACTUBOCTEH MarepialliB, TOB3yYOCTI Ta T'€HETUYHOI
HETIHIHHOCT1 KOHCTPYKITI.

JlocTOBIpHICTL MOJIOKEHb 1 BHCHOBKIB jaucepramii 3a0e3nedeHa
CIIBCTaBJICHHSAM OTPUMAaHUX JIaHUX TIPH TEOPETUIHOMY PO3PAXyHKY Ta CKIHYEHHO-
€JIEMEHTHOMY MOJICIIOBaHHI, a TaKOX iX TOPIBHSIHHSAM 3 pe3yJbTaTaMU IHITUX
JOCIITHUKIB, Y TOMY YUCJ €KCIIEPUMEHTAIFHUMU, IO BIIOOpaKeH1 Y BIIKPUTHUX
nyOmikamisx. UncenpbHUI po3paxyHOK BUKOHYBABCS 3a JIOTIOMOTOIO MTPOTPAMHOTO
komriekcy JIIPA-CAITIP 2018 Pro (Jlinen3is Nel/6638). Ilpu po3poOiti anroputmy
MOIIIYKY PAIllOHAIBHOTO Tepepi3y Ta aJIrOpuTMy ONTHUMAIBHOTO TPOEKTYBAHHS
3aCTOCOBYBAJIKCSl 3aralibHONPUUHSTI TEOpil 1 MPUMYIIEHHS OMOpYy MaTtepialiB Ta
Oy/IiBeJIbHOT MEXaHIKH, HEJiHIMHOT AedopMaliiHOol Teopil 3a1i300€TOHY, METOY

CKIHYECHHUX E€JIEMEHTIB.



IlpakTyHe 3Ha4YeHHs] OTPMMAaHMX Ppe3yabTaTiB. 3a pe3yJbTaTaMu
TOCIIIKEHb YAOCKOHAJIEHO KOHCTPYKIIIO IIPOTOHOBO1 OynoBu
cTane3anizo0eToHHOro Mocty. OTpuMaHO TOMEpPEeYHUi mepepi3 3 BIACTUBOCTIAMHU
PIBHOMIIIHOCTI, @ TAKOXK HaJ[aH1 MPOIO3HUIIii MO0 PO3pPaXyHKY CTane3a1i300€ TOHHOT
MPOTOHOBOI OYJOBH, IO CKJIAIAETHCS 3 JBOTABPOBUX OalOK 13 3a11300€ TOHHUM
BEPXHIM TIOSICOM. 3alpolOHOBAHO QJTOPUTM ONTHMAJIBHOTO IMPOCKTYBaHHS
0araTonporoHOBUX OajJOYHUX KOHCTPYKTUBHHX CHCTEM MOCTY TiJ €0
TUMYAacOBOTO  HaBaHTaXKEHHs. Po3po0iIeHO  CKIHYEHHO-EJIEMEHTHY  MOJIENb
TPUIIPOTOHOBOTO CTajIe3a1i300€TOHHOTO MOCTY JIJIsl pO3pPaxXyHKY HECydoi 31aTHOCTI
3 ypaxyBaHHSIM HEJIIHIMHUX BJIACTUBOCTEH MaTepiajiB, MOB3y4OCTi, OaraTocTaiiHoOl
POOOTH KOHCTPYKIIIT 1 MOJATIMBOCTI KOHTAKTY OCTOHY 1 CTaJIl.

Oco0uctuii BHecok 3100yBaya. 31CHEHO OIS/ Ta aHAJII3 JIiTepaTypu 3a
TEMAaTHKOI  JOCTI/DKEHHS;  3alpolOHOBAaHO  JBOTaBPOBHM  mepepis 3
BJIACTUBOCTSMHU PIBHOMIITHOCTI Ta METOJUKY PO3PaxXyHKY CTajie3aai300€TOHHUX
POrOHOBUX OYJIOB; 3aCTOCOBAHO METOJIMKY ONTHUMAJIbHOTO NPOEKTYBAHHS Ha
NPUKIAAl  TPUIPOTOHOBOTO  CTaNe3alli300€TOHHOTO MOCTY; PO3POOJIEHO Ta
yIOCKOHAJIEHO CKiHUYeHHO-eleMeHTHYy Mmojaenb B IIK JIIPA-CAIIP 2018 Pro
(Jlimensist Nel/6638). YuacTh aBTOpa y CHUTBHUX MyOdiKamisx BigoOpakeHa B
nepeniKy omyOiKOBaHUX POOIT.

Amnpodauisi pe3yjabTatiB qucepramii. OCHOBHI pe3yJabTaTH TUCEPTAIIITHOT
poOOTH JOMOBiAaTUCs 1 0OTOBOPIOBAIKCS HA: HAYKOBO-TEXHIYHUX KOH(EpEeHIisTX
VYKpaiHCBKOTO Jep>KaBHOTO YHIBEPCUTETY 3aI3HUYHOTO TpaHCHopTy (M. Xapkis,
2016 p., 2018 p.); MmikHAPOJHUX HAYKOBO-TeXHIUHUX KOoH(pepeHuisax «IIpodremu
HAJITHOCTI Ta JOBrOBIYHOCTI IH)KEHEPHUX CHOpYyH 1 OyAiBenb Ha 3ali3HUYHOMY
TparcnopTi» - Tpancoyn (M. Xapkis, YkpIVY3T, 2018 p., 2019 p.); mixHapogHux
HayKOBO-TIPaKTHIHUX KoHpepeHIiax OmechKoi epkaBHOT akaaeMii OyaiBHUIITBA
Ta apXITEKTypH «AKTyaJdbHbIE MPOOJIEMbl MH)XEHEpHON Mmexanwkm» (M. Opeca,
2016 p.) Ta «Ekcruyaraiisi Ta peKOHCTpPyKIisi OyaiBenb 1 cnopya» (M. Oneca,
2019 p.); XII maykoBo-TexHi4HIN KoH(DepeHIii «CTane3ani300eTOHHI KOHCTPYKITIi:

NOCHIJPKEHHS,  IPOEKTYyBaHHS, OyIIBHUITBO, ekcrutyatauis» ta  [II-1i



BCEYKpAiHCHKiN IHTEpHET-KOH(PEPEHI[IT MONIOAUX YUeHuX 1 cTyaeHTiB «IIpobdraemu
cydyacHoro  OyaiBHUNTBa»  [loATaBChKOro  HAIIOHAJTBLHOTO  TEXHIYHOTO
yHiBepcutety iMm. 0. Kongpatioka (m. IlonmraBa, 2016 p.); 9-1 Ta 11-ii
MDKHApOJHUX HAyKOBUX KOH(pepeHUiax «Aeronautics, Automotive and Railway
Engineering and Technologies» BULTRANS (m. Co3zonons, boarapis, 2017 p.,
2019 p.); MDKHApOAHIN HayKOBO-TeXHIuHIM KoH(pepeHuli «CydacHi TEXHOJOTIi
OyIIBHMIITBA Ta €KCIUTyaTalli aBTOMOOUIbHUX A0pir» (M. Xapkis, 2020 p.).

Hyoaikamii. 3a pe3ynbrataMu AMcepTaliiHOI poOOTH oOmmyOsIiKoBaHO 16
HAYKOBHX Ipallb, 3 HUX 3 CTaTTi y (axoBHX BHIAHHAX, pekomeHmoBaHnx MOH
VYkpaiau, B ToMy 4umciai | — y BHIaHHI, MO BXOAWTH 10 MDKHAPOIHOI
HaykoMeTpuuyHOi ©Oa3zm WoS; 2 mnyOmikamii y MDKHapOJAHMX MEPIOJUYHUX
BUJaHHIX, 1m0 iHaekcyoTbess HMBJI Scopus, 10 myGmikariii ampoOariiHoOro
xapakTepy Ta 1 gogaTkoBa myOJsikarfis.

Crpykrypa amcepramii. J(ucepramiss CKJIagaeTbcs 31 BCTYILY, YOTUPHOX
pO3MLIiB, 3araJlbHUX BHUCHOBKIB, CIHCKY BHUKOPHUCTaHUX JDKEpen Ta JOJATKIB.
Huceprariis BukiageHa Ha 186 crtopiHkax 1 MICTUTH 115 CTOpPIHOK OCHOBHOTO
Tekcty, 14 Ttabmunp, 34 pucyHkis, 164 HaliMeHyBaHb JiITEpaTypH, 6 J0IaTKIB Ha

48 cropiHkax.
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