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Cnisax /[. C. PanioHaJibHI po3pi3Hi (pepMeHHI NMPOroHOBi OyA0BM Ii3/1010
noBepxy i3 BUKopucTaHHsIM TpyOoOetony. — KBamidikariiina HaykoBa mpars Ha
MpaBax PyKOIIUCY.

HucepTtamiss Ha 3100yTTS HAyKOBOSTO CTyMHeHs JaokTopa (Qinmocodii 3a
cnemianbHicTIO 192 «byniBHUIITBO Ta 1uBUIbHA iHXeHepiss» (19 — ApxitekTtypa Ta
OyIIBHUIITBO). — YKpPaiHCHKHI Jep>KaBHUN YHIBEPCUTET HAYKHU 1 TEXHOJIOT1H, [[Himpo,

2025.

HuceprariitHa poboTa NPHUCBSYEHA PO3POOJICHHIO METOJUKUA Ta TMOILIYKY
ONTUMAJIBHUX PO3MIPIB PO3PI3HUX (PEPMEHHUX MPOTrOHOBUX OYIOB 13 BEPXHIM
poO3TallyBaHHSM MIPOI3HOI YACTMHU Ta 3acTOCYBaHHSAM TpyOoOerony. TpyOoberoH
BUCTYyMAa€ KOMIIO3UTHUM MaTepiajioM, IO IMOEIHYE BIACTUBOCTI CTall W OeToHy,
3a0e3MevYyroun BUCOKI TIOKA3HUKU MIIHOCTI, >KOPCTKOCTI, BUTPUBAJIOCTI 1O i
30BHINMIHIX ()aKTOpiB, BKJIIOYHO 3 BOTHEM Ta KOpO3i€l0. BpaxoByrouum HUBKY
KOHCTPYKTHUBHUX, €KOHOMIYHUX 1 EKCIUTyaTallliHUX TepeBar TpyOoOeToHy, HOro
BIIPOBAPKEHHS B MPAKTUKY MOCTOOYIyBaHHS B YKpaiHi € MePCIeKTUBHUM HAIMPSIMOM,
IO JI03BOJIIE€ TMIJIBUIIUTA €(QEKTUBHICTh 1HXKEHEPHUX pilleHb. PazoM 13 TuM,
NOIIUPEHHIO 1ILOTO0 MaTepiany MepenIkopkae MaJluid IOCBIJ peali30BaHUX MPOEKTIB
Ha TEPUTOPil KpalHHU, a TAKOXK BiJICYTHICTh MPABUII II0I0 BU3HAYCHHS ONTHMAIBLHUX
TOJIOBHUX PO3MipIB TPyOOOETOHHUX (hepM.

VY nucepraniiiHiii  poOOTI MPOBEICHO CHUCTEMHUN aHalli3 BIIACTUBOCTEH
TpyOOOETOHY, HOTO KOHCTPYKTUBHHUX OCOOMBOCTEH, a TAKOXK peaTi30BaHUX MPOEKTIB
MOCTIB B YKpaiHi Ta 3a KOpJOHOM. BU3HaueHO OCHOBHI MepeBaru 1mboro marepiainy
MOPIBHSHO 3 KOHCTPYKIIISIMU 31 CTaJIl Ta 3al1i300€TOHY, 30KpeMa: MiJBUIIIEHA Hecyda
3IaTHICTh, BHIIA BOTHECTIMKICTh, CTIMKICTh JO KOPO3IMHMX MPOIECIB, a TaKOXK
HAIWHICTD 3a M1 JUHAMIYHHUX 1 CEUCMIYHUX HAaBAHTAXEHb.

BcranoBneno, 110 3acTocyBaHHS TPyOOOETOHHOIO MOSICY Y BEPXHBOMY PiBHI

HpOFOHOBO'l' 6y,Z[OBI/I A03BOJIA€ SMCHIIUTHU KOHCTPYKTUBHY BUCOTY, SMCHIIIUTU BUTPATHU
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MarepialliB Ta IIJIBUIIUTH CTIMKICTh 10 JMHAMIYHUX Ta CeCMIYHMX BIUIHMBIB. [lopsin
13 MM BIiA3HAYEHO HM3KY MpoOJIeM, TMOB’A3aHUX 3 ONTHUMI3AIIEI0 IapaMeTpiB
KOHCTPYKIIii, HEJOCTATHbOIO KUIBKICTIO THIIOBHX pIllIEHh Ta BIJACYTHICTH JOCBIIY
IPOEKTYBAaHHS Ta OyAIBHUIITBA B Y KpaiHi.

[IpobGiiemaTuka, po3kpuTa y auceprailii, HabyBae 0coOJMBOI aKTyaJdbHOCTI Y
CBITII AepIUUTY YHIPIKOBAHMX KOHCTPYKTHUBHUX PIlI€Hb Yy Tally3l NMPOEKTYyBaHHS
MOCTIB HOBOT'O MOKOJIHHA. Po3pi3Hi (hepMeHHI NpPOroHu, Kl BUBYAKOTHCA y POOOTI,
MPEACTABIISIIOTh MOTEHINAN JIJIs IIUPOKOTO 3aCTOCYBaHHS B MPOTOHAX CEPEIHBOI Ta
BEIIMKOI JIOBXKWHU, Y TOMY YHCII Ha JOpPOrax pPErioHATBHOTO Ta HAI[lIOHATHHOTO
3HAYCHHS.

Y gucepramiiiHiii  poOOTI  3ampOINOHOBAHO  IIJAXIM IO  ONTHMI3aIil
KOHCTPYKTHUBHUX PIllI€Hb, IO IPYHTYETHCS HA BUKOPUCTAHHI YMCEIHHUX METOJIIB Y
MO€IHAHHI 3 KOMIJIEKCHUM 3aCTOCYBaHHSM KUTBKOX OOYHMCIIIOBATBHUX IHCTPYMEHTIB.
Y Mexax JOCHIDKeHHS SK OJUH 13 0a30BHX METOJIIB aBTOMAaTU30BAaHOIO T000pYy
napaMeTpiB OyJIo peaji30BaHO METOJ| piBHOMIpHOro rmomryKy. I[lompu BigHOCHY
QITOPUTMIYHY  TPOCTOTY, HOro  BIPOBA/DKCHHS  BHMarajo  po3pOOJICHHS
creniagizoBaHol MPoIeaypH OOMIHY TaHUMH MK OKPEMUMU MPOTPAMHUMU 3ac00aMu,
110 3a0e3Mnevye HUTICHICTh Ta Y3rOXKEHICTh PO3PaXyHKOBOTO MIPOIIECY.

MerToro nucepranii € BU3HAYEHHS! ONTUMAJIBHUX MMapaMeTpiB MIIOCKUX (epM 13
TpyOOOEeTOHY 171l pO3pi3HHX (EPMEHHUX MPOTOHOBUX OYJIOB 3 ypaxyBaHHIM
Cy4YaCHHUX TPAHCIIOPTHUX HABAHTAXKEHB BIMOBITHO J0 ACPKAaBHUX OYiBEIbHUX HOPM
VYkpainu. OCHOBHUMHU 3aBIaHHSIMH JIOCTI/PKEHHS €. BUBYEHHS BJIACTHUBOCTEH
TpyO0OETOHY, aHalli3 ICHYIOUMX KOHCTPYKIIIM TpyOOOETOHHUX MOCTIB, 1IeHTU(DIKaIIsA
OCHOBHMX HAaBaHTaXeHb, pPO3pOOKa aJIrOPUTMY UHCEITHLHOTO MOJEIIOBaHHS B
cepenouniax Mathcad 1 JIIPA-CAIIP, BusHaueHHsT TpyOOOETOHHHX TIepepi3iB
€JIEMEHTIB, BHU3HAYEHHS KpUTEPIiB €(PEKTUBHOCTI (epM, a TaKOXK JEMOHCTpALlis
pe3ynbTaTiB napameTpiB €(heKTUBHUX KOHCTPYKTUBHUX CXEM.

VY po0oTi peasi3oBaHO MOBHHUM 1HXXEHEPHHI LIMKI — BiJl aHali3y Ta BHOOpPY

KOHCTPYKTMBHOI ~CXeMH JO pEe3yJbTaTiB MIA00pYy TMONEPEYHUX Iepepi3iB



TpyO0OeToHHUX eneMeHTiB. O0’€KTOM JOCIIKEHHS € TUToNHA (epMH 3 TPUKYTHOIO
PENIITKOIO Ta BEPXHIM pO3TalTyBaHHAM Mpoi3ay. [IpenMerom qocmiKeHHs] BUCTYIIAE
e(heKTUBHICTh BUKOPUCTAHHS MaTepialiB 3aJIS)KHO BiJ BaplaHTIB TOJIOBHUX PO3MIpIB
IIPOTOHIB Ta TPyOOOETOHHMX TEpepi3iB, HABAaHTAXXEHb Ta BJIACTHBOCTEH MaTepiaiB.
Mertonosoris 0a3yeTbCs Ha CKIHUCHHO-CJIEMEHTHOMY aHaji3l 13 BUKOPHUCTAHHSIM
nporpamuoro 3abesrneueHHsi JIIPA-CAIIP s moOyaoBU pO3paxyHKOBHUX CXEM Ta
oOUHCIIeHHs 3yCWJIb B €JeMEeHTaX, 1 cepenoBuiia Mathcad — nns oOpoOku JgaHUX,
onTuUMi3allii Ta MiA00pYy Nepepi3iB BIAMOBIAHO J0 BUMOT E€BpPOKOJIB. 3aBIsSKU
BKa3aHUM TMPOTpaMHUM  3a0€3MCUYCHHSAM BHU3HAYCHO C(QEKTUBHICTH  PI3HUX
KOH(Irypaliii mnepepi3iB 3a KPHUTEPIIMU MIIHOCTI, >XOPCTKOCTI, THYYKOCTI Ta
TEXHOJIOT1YHOT TOIITLHOCTI.

Anroput™M TigOopy mepepiziB 3a0e3neurB TOBHE BUKOPUCTAHHS HECYYoi
3MaTHOCTI TPyOOOETOHHHMX EJIEMEHTIB, IO MPOSBHUJIOCS Y HAOIMKEHHI 3yCWIb JI0
MEKOBHUX 3HAUEHb KPUBUX B3aeMoii. Takuil miaxiJ J03BOJIS€ HE JIMILIE ONTUMI3yBaTU
KOHCTPYKTHBHI pIIIEHHS, ajeé W OOrpyHTOBaHO BHM3HAYUTHU palllOHAJIbHI THUIIH
MOTICPEYHUX TIEPEpi3iB 3 ypaxyBaHHSIM KOHKPETHHUX YyMOB HaBaHTAKEHHS Ta
reOMETPUYHUX MMapaMeTpiB pepMu.

3a J10mOMOTrol Po3poOJIEHOT0 aIrOPUTMYy 3AIMCHEHO aHali3 0aratbox
KOHCTPYKTUBHHUX CXEM, JJII KOKHOI 3 SKHX MPOBEJCHO ONTHUMI3allil0 TOMEePEUHUX
nepepiziB. OOrpyHTOBaHO AOUUIBHICTH BHOOPY TPUKYTHOI PEIITKH 3 BEPXHIM
npoiznoM. IIpogeMoHCTpoBaHO e(PEKTHBHICTH 3alPOIOHOBAHOIO MIAXOMY JUIS
po3MmipiB Bix 20 mgo 100 wmerpiB. BcraHoBineHo pexkoOMEHAOBaHI ianma3oHU
reoMeTpuyHuX criBBigHomenb H/A Ta H/d, sKxi MOXyTh BHKOPHUCTOBYBAaTHUCH SIK
BUXIAHI mpu mnpoekTyBaHHl. Cepen 3HAUyHIUX peE3yJbTaTiB CHiJI BHOKPEMHTH
JIEMOHCTpaIllil0 BIUIMBY MOJiesieii HaBaHTaxxeHHs (aBToMoO1UThHI AK, HK Ta 3anizanune
CK), xareropii 10poru Ta KUIbKOCTI CMYT PyXy Ha JAOLUUIbHICTh BUOOPY Ti€l UM 1HIION
CXeMH (pepMH.

VYnepiie y BITUM3HSHIA MPaKTULI MPEACTABICHO LUIICHY METOAMKY MOLIYKY

parioHaBbHUX TMapaMeTpiB TpyOoOeTOHHUX (depM, SKa OXOIUTIOE: TEHEepallito
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YHCENbHUX MOJeNel, MOoOyJOBY JiHIM BIJIMBY, BHM3HAUYEHHS MIKOBUX 3YCHUJIb,
napamMeTpUYHUN aHalli3 TEOMETPUYHHMX KOH(QITypaliid, ONTUMI3AIll0 Ha OCHOBI
€spokoxiB ta JIbH. Po3riisHyTo BIuMB Takux (akTopiB, sIK KUIBKICTh MaHENeH, KyT
HaxujiIy PO3KOCIB, JilaMeTp TpyO, MOBXKHWHA MPOTOHY, KIIBKICTh TOJOBHUX (epM Yy
nonepeyHomy Tiepepizi mnporony, Tun HaBaHTaxeHHs (AK, HK, CK) Ta
eKCIUTyaTaliiiHi BAMOTH JI0 JOPOTH.

3HAYHOI0 MEpPEeBarol JIUCEepPTAlIiHOT pOOOTH € THYUKICTh 3alpOIOHOBAHOI
METOJIMKH, sIKa JO03BOJISI€ aJanTyBaTHU 1HXKEHEPHI PILMIEHHS 0 IIUPOKOrO CIEKTpa
BXIIHMX mapamerpiB. Hamnpuknaa, mnependadyeHO MOKIIHMBICTH BapiaTUBHOTO
HaJAIITYBaHHS JIOBXXWUHU TPOTOHY, TeoMeTpii Qepm, dYmcia mMaHened Ta THITIB
PO3KOCIB.

HaykoBa HOBHM3Ha poOoTu monsirae y dopmanizamii ToHATTS e()EeKTUBHOCTI
TpyOO0OETOHHOTO ONIEPEYHOTO MEePepi3y B KOHTEKCT1 (pepMEHHOT MPOTrOHOBOT OY0BH,
a TaKoX y po3poOIll KpUTEPIaIbHO OPIEHTOBAHOTO MIAXOAY 10 IPOEKTYBaHHS.
30KkpeMa, 3ampornoOHOBAaHO METOAMKY TOPIBHSHHS aJlbTEPHATUBHUX CXEM 32
y3araJbHEHUMHU TIOKa3HUKaMU e()EeKTHBHOCTI 3 YypaxXyBaHHSM T€OMETPUYHUX
rapameTpiB 1 CIIOBUX XapaKTEPUCTUK KOHCTPYKIIIi.

HaykoBa HOBU3HA 1ucepTalliiHOT pOOOTH MOJIATAE V:

- po3pO0JEHHOMY KOMILIEKCHOMY MIAXO/1 A0 MPOEKTYyBaHHSA TPYyOOOETOHHUX
dbepM 3 ypaxyBaHHSIM pEbHMX YMOB €KCIUTyaTallii, YAHHOI HOPMAaTHBHOI 0a3u B
VYkpaiHi Ta moj10XeHb €BPOKO/IIB;

- aBTOMAaTH3aIlli mpolecy miadopy ONTHUMAIbHUX TMapaMmeTpiB KOHCTPYKIIL 3
ypaxyBaHHAM  3MIH  TE€OMETPUYHUX  XaAPAKTEPUCTHUK,  (PI3UKO-MEXaAHIYHUX
BJIACTUBOCTEH MaTepiajiB 1 TUIIIB HaBaHTaXKEHb;

- popMyBaHH1 yHIBEPCAIBHOI'O aTOPUTMY, SIKHI MOXe OyTH 3aCTOCOBaHHM JJ1s1
IPOEKTYBAHHS MOCTOBUX KOHCTPYKIIiH 3 TpyOOOETOHHUX (PepM.

[IpakThyHe 3HAYEHHSI PE3yJbTATIB MOJIATAE€ y CTBOPEHHI AJIrOpPUTMi30BaHOT
METOJUKHU Mig0opy TpyOoOeTOHHMX (epM s TPOrOHOBUX OYJOB 13 BEPXHIM

po3TamryBaHHSAM TMpoi3Ay. 3ampoNOHOBAaHUN MiAXin ngae 3Mmory ¢GopMyBaTH
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ONTHUMAJbHI PIlIEHHs, aAaNTOBaHl JO YMOB €KCIUTyartalii B YKpaiHi Ta MOTEHIITHO
OpujaTHI A0 3acTOCYBaHHS B IHIIMX KpaiHax. MeroauKa 03BOJISIE 3MEHIIMTH
MaTeplaIOMICTKICTh, CIOPOCTUTH  MPOUEAYpH MOJEIIOBAaHHS Ta  MEPEBIPKU
KOHCTPYKIIiH, 3a0€3MeUNUTH iX IOBrOBIYHICTh Ta HAIWHICTh. Pe3ynbTaT MOXYTh OyTH
0e3mocepeIHbO BUKOPUCTAH1 MPU pO3pOOJICHH] MPOEKTIB MOCTIB HA aBTOMOOIIBHHUX 1
3AIIBHUYHUX NUIAXaX B YKpaiHi, a TakoX y HaBUaJbHOMY MPOLECI Ta Taly3eBUX
JOCIIKEHHSIX.

Kniouoei cnosa: TpyOoOeToHH1 (epmu, ¢epma i37010 3BEpXy, OaIKOBI
MIPOrOHOB1  Oy/JOBH, ONTHMAaJbHI MapaMeTpPH, METOJ CKIHYEHHX €JIEMEHTIB,

napaMeTpUYHHAN aHal3.



ABSTRACT

Dmytro Spivak. Rational simply supported truss bridge structures with top-
deck traffic using concrete-filled steel tubes. — Qualifying scientific work on the
rights of a manuscript.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in the
specialty 192 «Construction and Civil Engineering» (19 — Architecture and
Construction). — Ukrainian State University of Science and Technologies, Dnipro,

2025.

The dissertation is devoted to the development of a methodology and the search
for optimal dimensions of simply supported truss bridge superstructures with a top-
deck roadway and the use of concrete filled steel tubes. Concrete filled steel tube
(CFST) is a composite material that combines the properties of steel and concrete,
providing high strength, stiffness, and resistance to external factors, including fire and
corrosion. Considering the structural, economic, and operational advantages of CFST,
its implementation in bridge construction practices in Ukraine represents a promising
direction for improving the efficiency of engineering solutions. However, the wider
adoption of this material is hindered by the limited number of completed projects in
the country and the absence of design guidelines for determining the optimal main
dimensions of CFST trusses.

The dissertation presents a systematic analysis of the properties of CFST, their
structural characteristics, and implemented bridge projects in Ukraine and abroad. The
main advantages of this material over traditional steel and reinforced concrete
structures have been identified, including increased load-bearing capacity, enhanced
fire resistance, corrosion resistance, and improved reliability under dynamic and
seismic loading.

It has been established that the use of a CFST chord in the upper level of the
superstructure makes it possible to reduce the structural height, minimize material

consumption, and increase resistance to dynamic and seismic effects. At the same time,
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several challenges were noted, including optimization of structural parameters, the lack
of standard design solutions, and limited experience in CFST design and construction
in Ukraine.

The issues addressed in the dissertation are particularly relevant in light of the
shortage of unified structural solutions in the field of next-generation bridge design.
The simply supported truss spans studied in this work demonstrate significant potential
for widespread use in medium- and long-span applications, including on roads of
regional and national importance.

The dissertation proposes an approach to the optimization of structural solutions
based on the use of numerical methods combined with the integrated application of
several computational tools. As part of the research, the uniform search method was
implemented as one of the basic techniques for the automated selection of structural
parameters. Despite its relative algorithmic simplicity, its implementation required the
development of a specialized data exchange procedure between separate software tools
to ensure the consistency and integrity of the computational process.

The aim of the dissertation is to determine the optimal parameters of plane
trusses made of CFST for simply supported truss bridge superstructures, taking into
account modern traffic loads in accordance with Ukrainian state building codes. The
main objectives of the research include: studying the properties of CFST, analyzing
existing CFST bridge structures, identifying primary loading conditions, developing a
numerical modeling algorithm using Mathcad and LIRA-SAPR environments,
determining CFST cross-sections for structural members, defining efficiency criteria
for trusses, and presenting the results for effective structural configurations.

The dissertation implements a complete engineering cycle — from the analysis
and selection of the structural system to the results of cross-section design for CFST
elements. The object of the study is a plane truss with a triangular web and a top-deck
roadway. The subject of the study is the material efficiency depending on the variations
in the main span dimensions, CFST cross-sections, loading conditions, and material

properties. The methodology is based on finite element analysis using LIRA-SAPR
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software for generating structural models and calculating internal forces, and Mathcad
for data processing, optimization, and section design in accordance with Eurocode
requirements. These software tools were used to assess the efficiency of different cross-
sectional configurations based on strength, stiffness, slenderness, and technological
feasibility.

The cross-section selection algorithm ensured full utilization of the load-bearing
capacity of the CFST elements, which was demonstrated by internal forces
approaching the limit values of interaction curves. This approach not only enables
structural optimization, but also provides a rationale for selecting appropriate cross-
section types considering specific load conditions and geometric parameters of the
truss.

Using the developed algorithm, a wide range of structural configurations was
analyzed, with cross-section optimization carried out for each case. The selection of a
triangular web with a top-deck layout was justified. The proposed approach was shown
to be effective for spans ranging from 20 to 100 meters. Recommended ranges of
geometric ratios — H/A and H/d — were established and can be used as initial parameters
in design practice. Among the key findings is the demonstration of how load models
(road traffic classes AK, NK, and railway class SK), road category, and number of
traffic lanes influence the appropriateness of choosing a particular truss configuration.

For the first time in domestic practice, a comprehensive methodology for
determining the optimal parameters of CFST trusses has been presented. This
methodology encompasses the generation of numerical models, construction of
influence lines, identification of peak internal forces, parametric analysis of geometric
configurations, and optimization based on Eurocodes and Ukrainian building codes
(DBN). The influence of various factors was considered, including the number of
panels, angle of diagonal members, tube diameter, span length, number of main trusses
in the cross-section of the superstructure, type of loading (AK, NK, SK), and
operational requirements for the road.

A significant advantage of the dissertation is the flexibility of the proposed
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methodology, which allows engineering solutions to be adapted to a wide range of
input parameters. For example, the method enables variable adjustment of span length,
truss geometry, number of panels, and types of diagonals.

The scientific novelty of the work lies in the formalization of the concept of
CFST cross-sectional efficiency within the context of truss superstructures, as well as
in the development of a criteria-oriented design approach. In particular, a method is
proposed for comparing alternative configurations using generalized efficiency
indicators that account for both geometric parameters and the structural force response.

The scientific novelty of the dissertation lies in:

- the development of a comprehensive approach to the design of CFST trusses,
taking into account real operating conditions, the current regulatory framework in
Ukraine, and the provisions of the Eurocodes;

- the automation of the process for selecting optimal structural parameters,
considering variations in geometric characteristics, physical and mechanical properties
of materials, and loading types;

- the formation of a universal algorithm that can be applied to the design of
bridge structures using CFST trusses.

The practical significance of the results lies in the creation of an algorithm-based
methodology for selecting CFST trusses for superstructures with a top-deck roadway.
The proposed approach enables the development of optimal solutions adapted to
Ukrainian operating conditions and potentially suitable for application in other
countries. The methodology contributes to reduced material consumption, simplified
modeling and verification procedures, and ensures the durability and reliability of the
structures. The results can be directly applied in the design of road and railway bridges

in Ukraine, as well as in educational programs and industry-related research.

Keywords: concrete-filled steel tube trusse, top-deck truss, beam bridge

structures, optimal parameters, finite element method, parametric analysis.



