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OcHoBHHUII 3MicT qucepTaliiiHOI podoTH

Huceprariiiina pobora crnpsiMOBaHa Ha PO3BUTOK Ta JOCIIPKEHHS HaIPY>KEHO-
ne(OpMOBAHOTO CTaHy CTajieBUX KOHCTPYKIIA MPOCTOpOBOi ¢depMH 3 MOYATKOBUMU
HETOCKOHAJIOCTSIMU  BY3JIIB Ta JOCHIKEHHS TPOIECY 3HOCY TapsAdoro LWHKYyBaHHS
KOHCTPYKIIIH.

3a pe3ynapraraMd BUKOHAHMX OIVISAIB, aHAJI31B BITUM3HSHUX Ta 3aKOPJOHHUX
MPaKTUK Ta JOCTIIKEHb, YUCEIbHUX CKIHYCHO-CJIEMEHTHHUX Ta CKCIIePUMEHTAIbHUX
JOCIIIKEHb:
- BU3HAUCHO, IO B BITYM3HSIHUX Ta 3aKOPJOHHMX HOPMATHBHUX JOKYMEHTAaX, MOCIOHUKaX
JIUIIIE TIOBEPXHEBO OIMMCAHO BIUIMB MOYATKOBUX HEIOCKOHAJIOCTEH Ha CTIMKICTH CTaJeBUX
KOHCTPYKIIM Ta BIACYTHI JOCHIJPKEHHS OO0 IIOYAaTKOBUX HEJIOCKOHAIOCTEH, sKi
BUHMKAIOTh B MeEXaxX eKCIUTyararlii OymiBil Ta HEIOCKOHAJIIOCTEH, 110 MEePEeBUIIYIOTh
3HAYEHHS B HOPMATUBHUX JIOKyMEHTaX. BiJicyTHE OCTII>KEHHSI TOYKOBOTO 3HOCY Tapsiuoro
IIMHKOBOTO TMOKPUTTS TTOBEPXHI CTAJIEBUX KOHCTPYKITIH;
- BU3HAYEHO CTIMKICTh CTAJIEBUX CTPUXKHIB CTAEBOi (pepMU 3 KOPCTKUMU 3BAPHUMU
By3JIaMH TIPH A1IMCHIN poOOTI M HAaBaHTAXEHHSIM MMPOCTOPOBOTO OJIOKY (pepM 13 CTaIeBUX
TpyO;
- BU3HAYCHO CTIWKICTh MPYXKHUX CTPUKHIB 3 MOYATKOBUMH HEOCKOHAIIOCTSIMU CTaJIEBUX
dbepM 3 JKOPCTKUMHU By3J1aMHU;
- YIOCKOHAJIEHO METOIMKH PO3PaXyHKy 3BApHUX IIBIB (pJIAHIIEBUX BY3JIOBUX 3’ €/IHAHB;
- BCTAHOBJICHO MPUHITUTIOBI TIOJIOKEHHS METOJAMKH OIIIHKHU (h13MYHOTO 3HOCY OIIMHKOBAHOTO

MOKPUTTSI MOBEPXHI CTaJIEBUX KOHCTPYKIIIM MpU eKCILTyaTalii.



VY dinocodcbkoMy KOHTEKCT1 JOCHIKEHHS poOOTH BY3JIB (hepM 13 TpyO, 1110 MArOTh
MOYATKOB1 HEJIOCKOHAJOCTI, BUXOAMTHh 3a MEXI1 JHIIE 1HXEeHepHoi mnpoOnemaruxu. Lle
MUTAaHHS TOPKAEThCS (PyHIAAMEHTAIbHUX YSABICHb IMPO MPUPOAY MAaTEpPialibHOTO CBITY,
HEJIOCKOHATICTh (OpM 1 MEX1 JIOACHKOTO MPOEKTYBaHHS Ta KOHCTpyroBaHHs. JKomgHa
peanbHa CTPYKTypa HE € aOCONIOTHO JOCKOHAJIO — 3aBKIW ICHYIOTh BIIXWJICHHS,
nedopmarrii un iHII (GOpMU HEAOCKOHATIOCTEH. Y I[bOMY CEHCI KOHCTPYKINi MOXXHA
po3manaty sk Metadopy camoro OyTTS — J€ i7ieall HIKOJM HE JOCSATAEThCS MOBHICTIO, a
CTIMKICTB 1 HAIIWHICTH BUMTPOOOBYIOTHCS Y B3a€MO/IIT 3 HeTlepe10avyBaHiCTIO CBITY.

B nepwiomy po3oini npoaHami3oBaHO OIS MPOOIEMaTHKHU JIOCTIIKEHb CTIMKOCTI
[EHTPAJbHO-CTUCHYTUX CTPWKHIB 3 YypaxyBaHHSIM IIOYaTKOBUX HEAOCKOHAJIOCTEH.
OnucaHo KOHCTPYKTHBHI PILICHHS By3JiB (hepM 3 KOPCTKMMHU BY3JIaMU Ta pEKOMEHAAIli
110710 IPUIHATTA NPOEKTHUX pillieHb. [I[poaHanizoBano BIIUB 1e()EKTIB Ta MOMIKOIKEHb Ha
po0OOTy cCTajneBUX KOHCTPYKIIM Ta ONHCAaHI PEKOMEHJAAlll MI00 IX YCYHEHHS.
[IpoanamizoBaHO KaTeropii arpeCUBHUX CEPEIOBHUII Ta aHTUKOPO3IMHUI 3aXUCT CTAIEBUX
KOHCTPYKIIIH 3 IMHKOBUM MOKPUTTSIM.

B opyzomy po30ini neranbHO ONMHMCAHO MOBEIIHKY AIMCHOI poOOTH MPOCTOPOBOTO
Oomoky ¢epMm 13 crasieBUX TPyO Ta >KOPCTKUMHU BY3JaMH MiJ BIUIMBOM HAaBaHTa)KEHHS.
BukoHaHO uMcesibHE JOCHIIKEHHSI TPhOX THUIIB CXEM: - 3 IIAPHIPHUM 3’ €AHAHHSAM BCIX
BY3J1iB OJIOKY (pepM; - HEpO3pI13H1 MOACH PepM, €JIEMEHTH PEIIITKH NPHUETHAH] IIAPHIPHO; -
nosicu (epM 1 €JIIEMEHTH PEIIITKH 3’ €JHaHH1 >KOPCTKO. Pe3ynmbTatel po3paxyHKy Oyio
MOPIBHSHO Ta HAa OCHOBI ONTHMAJIbHOI CXEMHM NPUUHATI mepepizu. BukoHaHi 4MCIOBI
JOCIIIPKEHHS HEHTPaJIbHO-CTUCHYTOTO CTPHUIKHS 3 OJJHIEIO )KOPCTKOIO OMOPOIO Ta 3 IPYTOI0
IpPY>KHOIO0 O1oporo. BuzHaueHa pokycHa TouKa 13 CTaJI00 KOOPAWHATOIO PIBHOIO 3HAYEHHIO
napamMeTpa cTiiikocTi. Po3po06iieHnii MEeTOI0NMOTIYHUN MiAX1]T 3 BpaxXyBaHHSM MOYaTKOBUX
JOJATKOBHUX 3TMHAJIBHUX MOMEHTIB Ta MOYATKOBUX €KCIEHTPUCUTETIB OTPUMAHUX M1 Yac
BUTOTOBJICHHSI KOHCTPYKITiH.

B mpemvomy po30ini BUKOHAHI 4YHUCJIOBI JOCIHIDKEHHS 3MIiHM Hampy>KeHb B
[EHTPATbHO-CTUCHYTUX TMPY>KHUX CTAJICBUX TPYyOUaCTUX CTPYDKHIB Mpu poOOTI depm i3
KOPCTKUMH By3JIJaMH TIpM PI3HUX TIOYAaTKOBUX BIAXWIECHHSX. [IpoBeneHi 4YHCIOBI

I[OCJ'IiI[)KeHHSI I[e(l)OpMOBaHOFO CTaHy CTPWXHI YMOBHO MNCHTPAJIBbHO-CTUCHYTOIO 3



MOYATKOBUMHM  HEJOCKOHAJNOCTSAMU. [IpoBeeHO J0JaTKOBI  YMCIOBI  JOCIHIJKEHHS
ne(OpPMOBAHOTO CTAaHYy CTPUXKHS YMOBHO LIEHTPAJIbHO-CTUCHYTOTO 3 TOYaTKOBUMH
HEJIOCKOHAJIOCTSIMH /Il BIUTUBY  JKOPCTKOCTI  MpYy»XHOi  omopu.  PospoOnenuit
METOJOJIOTIYHUN MIAX1J JUIsl BUSHAYEHHS J1e()OPMOBAHOTO CTaHy IEHTPAIbHO-CTUCHYTHX
CTPUKHIB PU MAaKCUMAJIbHUX BIIXUJICHHSAX, IKI OTPUMaHIi Mijl 4aC BUTOTOBIICHHS, MOHTaXY
abo ekcruTyarairii KOHCTPYKIlii. BctaHOBIIEHI 3aKOHOMIPHOCTI MK 1e(OPMOBAHOIO BiCCIO
CTPYOKHS 1 HABAHTAXKYBAJbHUM (PAKTOPOM TIPU Pi3HUX MOYATKOBUX BIIXUIICHHSX KOPCTKOI
OTIOpH.

B uemeepmomy po30ini po3poOICHO TEOPETUYHUN MIAXI g OUIBII TOYHOTO
pPO3paxyHKy 3BapHUX IIBIB (JIAHIIEBUX 3’€/IHAHb 3 BpI3aHUMHU peOpaMH >KOPCTKOCTI
cTajeBux ¢epMm 3 TpyOdacTHX NOPOKHHCTHX €JIEMEHTIB. MeToauka po3paxyHKy Hae
MOKJIUBICTh BHU3HAYUTH HEPIBHOMIPHICTh PO3MOAUICHHS 3yCWJIb B 3BapHUX IIBax
MpUETHAHHS (PJIAHLIEBOTO 3’ €qHAHHSA A0 TpyOuacTux eyneMeHTiB. [IopiBHAHHS pe3ynbTaTiB
JOCIIHKEHHS 3 pe3yJIbTaTaMU PO3PaxXyHKY By3J1a METOJIOM CKIHUEHHHUX €JIEMEHTIB MOKa3aJIu
SKICHHIM 30ir. BUKOHaHO 4YMCeNnbHI TOCTIHKEHHS (PIaHIeBUX 3’€lHaHb KOMIIOHEHTHHUM
METO/IOM CKIHYEHHUX €JIEMEHTIB, IO Ja€ 3MOTY BIJIIMTH BiJ KJIACUYHOTO MIIXOAY aHaJI3y
3arajbHOI KOPCTKOCTI 3’ €THAHHSI.

B n’amomy po30ini BU3HAYE€HO, 10 AOLUUIBHO BU3HAYaTH OL[IHKY TOYKOBOI KOpO3ii
MOBEPXHI OKPEMHUX TPyl KOHCTPYKLIH. YIOCKOHajIeHO (Pi3UKO-MaTeMaTuyHy MOIENb
(13MYHOTO 3HOCY IIMHKOBOTO MOKPUTTS TTOBEPXHI €JIEMEHTIB 1 BY3JIiB CTAJIEBUX JOPOXKHIX
KOHCTPYKIIM B yMOBax €KcCIUlyaraiii MicTa Ha BIJKPUTOMY IIPOCTOpPI Ha OCHOBI
EKCIIEpUMEHTAIbHUX JaHuX. Po3poOieHa MeToauka OIIHKK — (DI3UYHOTO  3HOCY
OIIMHKOBAHOTO TTOKPHUTTSI MOBEPXHI CTAJICBUX KOHCTPYKIIIH.

Kniwuosi cnosa: crivikicts Elinepa, crtaneBl KOHCTPYKIIi, CTIHKICTb MPYXHUX
CTPYDKHIB, KOPCTKA OMOpa, MpyKHa Oropa, 0OCTEXEHHS, THYUYKICTh CTPHIKHIB, MPY>KHA
po0OoTa, KpuTepill CTIMKOCTI, MOJENIOBAaHHSA CTIMKOCTI KOHCTPYKULINA, KoedillieHT
PO3PaxyHKOBOI JIOBKHHH, TEXHIYHUHA OMIA, (PJIaHIEBl BY3/H, HAIpPYKEHHs, 3BapHI IIIBH,
PO3PaxXyHKOBI 3yCHJUIS, 3HOC ITMHKOBOTO TOKPHUTTS, Tapside IWHKYBAaHHS, €KBIBaJICHTHI
Hanpy>KeHHsS, YHUCETbHE MOJICIIOBAHHS, KOMIIOHEHTHUH METOA CKIHYCHHMX €JIEMEHTIB,
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ABSTRACT

Tsyupyn Y.I. Actual Behavior of Galvanized Steel Tube Trusses with Rigid Joints
Considering Initial Imperfections. — Qualification research work (manuscript).
Dissertation for the degree of Doctor of Philosophy in the specialty 192 — Civil Engineering
and Construction, field of knowledge 19 — Architecture and Construction. — Kyiv National
University of Construction and Architecture. Ministry of Education and Science of Ukraine,
Kyiv, 2025.

Main content of the dissertation

The dissertation focuses on the development and investigation of the stress-strain state
of steel spatial truss structures with initial imperfections in joints and the study of the wear
process of hot-dip galvanized coatings on structures.

Based on reviews, analyses of domestic and foreign practices and studies, numerical
finite element analyses, and experimental investigations:

- It was determined that domestic and international regulatory documents and manuals only
superficially describe the influence of initial imperfections on the stability of steel structures.
There 1s a lack of studies regarding imperfections that arise during the service life of a
building and imperfection values exceeding normative limits. No research has been
conducted on localized wear of hot-dip galvanized coatings on steel surfaces.

- The stability of steel members of a truss with rigid welded joints under actual load
conditions of a spatial truss block made of steel tubes was determined.

- The stability of elastic members with initial imperfections in steel trusses with rigid joints
was determined.

- Methods for calculating welded joints in flanged node connections were improved.

- Fundamental principles for assessing the physical wear of galvanized coatings on steel
surfaces during operation were established.

In the philosophical context, the study of truss joints with initial imperfections goes
beyond purely engineering issues. It touches upon fundamental notions of the material
world, imperfection of forms, and the limits of human design and construction. No real
structure is perfectly flawless—there are always deviations, deformations, or other forms of

imperfection. In this sense, structures can be seen as a metaphor for existence itself, where



the ideal 1s never fully achieved, and stability and reliability are tested through interaction
with the unpredictability of the world.

In the first chapter, a review of the research problems concerning the stability of
centrally compressed members considering initial imperfections is presented. Structural
solutions for truss joints with rigid connections and recommendations for design decisions
are described. The influence of defects and damages on the performance of steel structures
i1s analyzed, with recommendations for their mitigation. Categories of aggressive
environments and corrosion protection of steel structures with zinc coatings are analyzed.

The second chapter provides a detailed description of the actual behavior of a spatial
truss block of steel tubes with rigid joints under load. Numerical analysis was performed for
three types of schemes: - with hinged connections at all nodes of the truss block, - continuous
truss chords with lattice elements connected hinge-wise, - truss chords and lattice elements
rigidly connected.

Calculation results were compared, and cross-sections were chosen based on the
optimal scheme. Numerical studies of a centrally compressed member with one rigid support
and another elastic support were performed. A focal point with a constant coordinate equal
to the stability parameter value was determined. A methodological approach was developed,
accounting for initial additional bending moments and initial eccentricities arising during
fabrication.

In the third chapter, numerical studies of stress changes in centrally compressed
elastic steel tubular members of trusses with rigid joints under various initial deviations were
conducted. Numerical investigations of the deformed state of a conditionally centrally
compressed member with initial imperfections were carried out. Additional numerical
studies were performed to assess the effect of elastic support stiffness. A methodological
approach for determining the deformed state of centrally compressed members at maximum
deviations arising during fabrication, assembly, or operation was developed. Patterns
between the deformed member axis and the load factor for different initial deviations of the
rigid support were established.

The fourth chapter develops a theoretical approach for more accurate calculation of

welded joints in flanged connections with inserted stiffening ribs of steel trusses with tubular



hollow members. The calculation method allows determining the uneven distribution of
forces in welded joints connecting the flange to tubular elements. Comparison of the results
with finite element analysis showed good agreement. Numerical studies of flanged
connections using the component finite element method were performed, enabling analysis
beyond the classical approach of overall joint stiffness.

In the fifth chapter, it was established that it is advisable to evaluate localized
corrosion for specific groups of structures. The physical-mathematical model of zinc coating
wear on elements and joints of steel road structures under urban open-air conditions was
improved based on experimental data. A methodology for assessing the physical wear of
galvanized coatings on steel structures was developed.

Keywords: Euler stability, steel structures, stability of elastic members, rigid support,
elastic support, inspection, slenderness of members, elastic behavior, stability criterion,
structural stability modeling, effective length factor, technical survey, flange joints, stresses,
welds, design forces, zinc coating degradation, hot-dip galvanizing, equivalent stresses,

numerical modeling, component finite element method, reliability, non-destructive testing.



