AHOTALIA

Jlpobomsa O.B. MitHicTh Ta 1e(OPMATUBHICTh HECYUHMX Ta OTOPOJIKYBaJIbHHUX
CTasIe3aTi300€TOHHNX KOHCTPYKLINA 3 XOJOJHO(POPMOBAHHMX CTAJIEBUX MPOQITIB. —
Ksamidikaiiitna HaykoBa mparls Ha IIpaBax PyKOIHUCY.

Hucepramisi Ha 3100yTTS HAyKOBOTO CTYIEHS J1oKTopa ¢imocodii 3a
CremianpHicTh 192 — «byaiBHUIITBO Ta LMBUIBRHA 1HXEHepis», ['amy3p 3Hanp 19 —
«ApxiTekTypa Ta OYIIBHHUIITBO» Hamionanpauit  yHiBepcuteT «llonTaBchka
nomitexnika imeHi FOpist Konapartiokay. — [Tonrasa, 2026.

XonogHopopMoOBaHi  CTajieBl MpoQuIl  CIiA  po3rasAaTH SK Cy4YacHUH,
€KOHOMIYHO JIOIUJIbHUN Ta yHIBEpCaJbHUI MaTepiaji A BUTOTOBJICHHS HECYYHMX Ta
OrOPOKYBAJIBHUX CTaJI€3a11300€TOHHUX KOHCTPYKIIM, MOTEHIIad SIKUX B yMOBax
VYKpaiHu 3a1MIIAETHCS peani30BaHUM HE IOBHOO MIPOIO.

Y Berymi  OOrpyHTOBAaHO aKTyaJbHICTh MPOOJIEMH, IO BHUPILIYETHCA,
chopMyIIbOBaHO METY, 3aBIAHHS IOCTI/KEHHS, HAyKOBY HOBHM3HY Ta MpPAKTHYHE
3HAUEHHS OJIEPKAHUX PE3yJbTaTiB poOOTH, HABEJAEHO BIJIOMOCTI MPO OCOOUCTUI
BHECOK Ta amnpo0allito MaTepiaiiB AucepTalli, IpeICTABICHO ii 3arajibHy CTPYKTYpYy Ta
oOcsr.

Y nepuomy po3aiii MpoaHaIi30BaHO 1CTOPiIO BUHUKHCHHS
X0JI0HO(OPMOBAHUX CTAJIEBUX KOHCTPYKIIIH, 1110 po3nounHaeThes 1ie 3 XII cromiTrs,
KOJIM MeETaJleBl KOHCTPYKIi IMOYald BUKOPUCTOBYBATHU SIK 3B'SI3KM B KaM'sHHX
Oynienb. Y €Bponi Ta AMepull X0J10JHO(POPMOBAHI CTaleBl KOHCTPYKLII HIBUIKO
HaOyJIM TIOMYJISIPHOCTI B OHOMOBEPXOBHUX Ta MAJIOMOBEPXOBOMY 3BE/ICHHI OyIiBEIb,
IPOMUCIIOBUX 1 OYIIBISIX, SIK1 Oy yBaTH mif ckiaau. KoHCTpyKTHBHA PI3HOMAHITHICTh
XO0JIOAHO(DOPMOBAHUX CTaJEBUX KOHCTPYKLIM BKJIIOYAE JiHINHI Npo@iil A KOJIOH,
OaJioK, MPOTOHIB 1 PepM, a TAKOXK MJIOMIUHHI — TPO(DUTHOBAaHI HACTHIIM TPHOX OCHOBHHUX
TPYIL: 3 TPSAMOJIIHIMHUMU €JIEMEHTaMU;, TT03/I0BXKHIMU YU TTO3/I0BKHIMU; TIOTIEPEUHUMHU

pebdpaMu KOPCTKOCTI.



XonoaHoopMoBaHi cTajeBl KOHCTPYKINI YyTJIMBI O pi3HUX (PopM BTpaTu
CTIMKOCTI, IO TIJAKPECIIOE AaKTyaJbHICTh 1 JOUUIBHICT iX 3aCTOCYBaHHS Y
KOMITO3UTHHUX KOHCTPYKITISAX, 30KpeMa y cTayie3anizooetonnux. Hasiiine 3akpiruieHHs
cTtaigi 13 OETOHOM Yy KOMIIO3UTHMX KOHCTPYKISAX 3a0€3MeuyeThCs aHKEPHUMH
eJIEMEHTaMH PI3HUX THUIIIB: )KOPCTKUMH YIIOPaMH; THYYKHUMH aHKEpaMu; peabehHUMU
BUINTAMIIOBKAMU Ha TPO(HACTHIII, NPUBAPCHUMH IIMAJIbKaMH. [lepcrieKTuBHUM
ciocoOOM  MIiABUINEHHS  HECy4Yoi  3/IaTHOCTI Ta  JKOPCTKOCTI  0ajok 3
XOJIOMHO(DOPMOBAHUX CTAJCBUX KOHCTPYKIM € TIONEpPEaHE HAMPYKCHHS, SKE
€KOHOMHUTh BHUTpATH CTaji MPU 3MEHIICHHI MPOTHHIB 1 JI03BOJIsiE €(EeKTUBHIIIE
3aCTOCOBYBATH BUCOKOSIKICHI MapKH.

Y apyromy po3aijii po3risiHyTO TEOPETHYHI OCHOBU BH3HAYEHHS MIIHOCTI Ta
neopMaTUBHOCT] CTalie3a1i300€TOHHUX OalloK 3 XOJIOJHO(POPMOBAHUX CTaJIEBUX
npodiniB. Ilepm 3a Bce, pO3MISTHYTO MOUUIBHICTH 3aCTOCYBAHHS JJIi BU3HAYCHHS
napamMeTpiB  HaIpy>KeHO-Ie(POPMOBAHOTO CTAaHYy 3THHAHWX CTalle3al1i300€TOHHUX
KOHCTPYKIIIH METOJi NMpHUBEICHUX mepepi3iB. JloBeneHo, M0 HAWOLIBII JOIIILHO
BUKOHYBAaTH TIPUBEJACHHS OETOHHOTO TMepepisy MO CTalleBOro 3a JOMOMOTOIO
Koe(DIIieHTYy  TPUBEJEHHS, IMOPAaXOBAaHOTO  CHIBBIIHOUIEHHSMU 1  OETOHY:
PO3pPaxXyHKOBOI'O 3HAUYEHHSI MIIHOCTI OETOHY Ha CTHCK Ta PO3PaxXyHKOBOI MILHOCTI
CTaJIEBOI YACTUHU Mepepi3y Ha Mexi1 TeKydocTi. Okpema yBara npuijieHa po3paxyHKy
CTaJIe3a11300€TOHHUX KOHCTPYKIIIH 13 X0J01HO(GOPMOBAaHUX CTaeBUX MPO(LIIB Mpu
JIBOBICHOMY HaBaHTa)ke€HHI. Jlami y poOOTi po3risiHyTO 3arajibHl 3acajll CTBOPEHHS
paIioHAIBHUX TIOTIEPEIHIX HANPYXKEHb y KOMIIOHEHTAaX CTaleOETOHHUX IMPOTOHIB,
BUTOTOBJICHUX 13 XoJogHO(OpMoBaHuX craneBux npodiniB. EdpextuBHUM MeTOm0M
NOMNEPEIHHOI0 BUTMHY CTAJIEBOi YACTHHH CTaJIe3aJ11300€TOHHUX KOHCTPYKIIN € iX
nonepenHe nepopMyBaHHS BUTHHAMH, IO MPOTWICKHI eKCIuTyaTaridHuM. Taxi
BUTHHU CTBOPIOIOTHCS a00 JOMKpaTamu, ab0 MUISXOM BIIAIITYBaHHS JOAATKOBUX
NOMNePeIHbO HAPYXKEHUX cTepxHiB. [Ipu 1iboMy nonepenHbo 3IrHyTUH CTaH CTaJIeBOi

4acTUHU (PIKCY€eThCA a00 3BapIOBAHHSM ii CKJIAIOBUX YACTHH Tl YaC BUTOTOBJICHHS,



a00 3MIHOIO YMOB 3aKpIIUICHHS 1I1€1 CTajeBOi 0ajgKOBOi YaCTMHHU 3 KOJOHAMH, abo
BJIACHE BJIAIITYBAHHSAM HAIpPY>KEHUX JIOJATKOBUX CTEP)KHIB, ab0 00ETOHYBaHHAM
CTaJieBOI YaCTUHHU TMepepidy CTane3ali300€TOHHUX KOHCTPYKIiH. Y  poborti
3aMpONOHOBAHO (PIKCYBATH MONEPEIHBO 3ITHYTHI CTaH CTAJIEBOi YACTUHHU KOHCTPYKITIi
3allOBHEHHSM OETOHOM BHYTPIIIHBOI MOPOKHUHU cTayeBoi U-moniOHOi 4YacTHHH
nepepizy CTaneObeTOHHOTO CTEPIKHS, [0 MOYKE BUKOPHUCTOBYBATHUCS Y SIKOCTI CTIHOBOTO
IIPOTOHY.

Takox HaBEJCHO OCHOBHI PO3PAXyHKOBI 3aJIEKHOCTI OOYHCIICHHS 3yCHIIb Y
3B’A3Kax 3CyBY OAJIOK, 3aBaHTAKEHUX MO LIEHTPY MPOJIbOTY 30CEPEIKEHOI0 CUIIOI0 TPU
KOPCTKOMY TO€IHaHHI OCTOHHOI Ta CTaJIeBOi YAaCTUH Mepepizy. 3CYBHI 3yCHIUIS Y
KOHTAaKTHOMY IIBI OyJIyThb BHU3HA4YaTUCS, K JJI MOHOJIITHOI JABOIIAPOBOI Oajku 3a
3aJICKHOCTSIMU TEOPIi CKIIAJICHUX CTEPHKHIB.

Y TperboMy po3aijii HABEJCHO PE3yJbTAaTH MPOBEICHUX E€KCIIEPUMEHTAIBHUX
JTOCHIKEHb HaNpyX)eHO-Ae(hOPMOBAHOIO CTaHYy Ta HECY4YOi 3JaTHOCTI MOINEPETHbO
HaIPY>KEHUX CTaJeOETOHHUX CTIHOBUX MTPOTOHIB, 1[0 BUTOTOBJIEHI 13 THYTHX IIIBEJIEPIB
Nel0 3 TOBIIMHOIO CTIHKH 3 MM aoBxkuHOK 3000 MM 13 3amoBHEeHOIO OeToHOM U-
10/1I0HOI0 TOPOKHUHOIO Ta MPAIOIOTh B YMOBaX KOCOTO (JIBOBICHOTO) 3THHY.

BcranoBneno HacrymnHe:

— [UIIXOM 3alOBHEHHSM OETOHOM BHYTPIIIHBOI MOPOKHUHH cTajeBoi U-
noai0HOT YacTHHU Tepepi3y MOXIMUBO (ikcyBath i1 TOMEPEeTHBO HAIPY>KEHUN
(momepeaHbO BUTHYTHUI) cTaH. [licns Habopy 6€TOHOM MIITHOCTI Ta BIAMYCKY JOMKpPATy
nonepeAHii BUTMH 3MEHINYyeThesl Ha 81% Ju1s 3pa3kiB 13 3allOBHEHHSIM OETOHOM B
piBeHb 3 nepamu mmBenepy 1 Ha 31% mu1st 3pa3kiB 13 3aroBHEHHSIM 6eToHOM Ha 30 MM (B
1,6 pa3u) Bulle Bi pIBHS Mepa MOJIUYOK HIBEIEPaA;

— 3aMOBHEHHS BHYTPIIIHBOT MOPOKHUHU LIBEJIEpa OETOHOM MIABUILYE A0 2
pa3 HeCyuy 3/IaTHICTb 1 )KOPCTKICTh CTaJIeOETOHHUX MPOTOHIB, 110 MPAITIOIOTH Ha KOCHA

3THH,



- MOTIEPE/IHIM BUTHH CTAJIEBOT YACTUHH MEpepi3y cTajaeO0eTOHHOTO MPOTOHY,
10 MpaIlo€ Ha KOCUH 3TWH, MIJBUILY€E Horo Hecyuy 31aTHICTh 10 10% Ta )KOpCTKICTh
110 25%;

- 30UIBIIeHHS B 1,6 pa3u BUCOTH Iepepizy OETOHHOTO ocep sl MONepeaHbO
HaIPY>KEHOTO CTaleOETOHHOTO MPOTOHY, 1110 MPAIlO€ Ha KOCUHM 3THH, MIABUILYE HOTO
Hecydy 31aTHICTB 70 33% Ta )kopcTKicTh 10 60%.

TakuM YMHOM, EKCHEPUMEHTAIBHO JOCHIDKEHI TOMEpPeIHbO HaIpyXKeH1
CTaJIe0ETOHHI MPOTOHU, IO CKJIAAAOThCs 13 rHyToro mBenepy NelO 3 TOBHIMHOIO
CTIHKM 3 MM 3allOBHEHOI'0 OETOHOM Ta MPAalOI0Th Ha KOCUW 3rUH (IIPU YMOBI, 11O
rOPU30HTAJIbHE HABAaHTAXKECHHsI BJIBiUl OUIbIIE 32 BEPTUKAJIbHE) MAIOTh MPAKTHUYHO
TaKy K Hecydy 34aTHICTb IpU BUILIH 10 67% >KOPCTKOCTI, K, HAIPUKJIAJ], CTAJIEBUNA
IPOTiH, BUKOHAHUHU 13 TpyOu 80%3 MM, 10 J03BOJSE 3MEHIIMTH BUTPATU CTall Ha
38,5%.

VY 4derBepTOMYy pO3aiji 10BeICHO €(EKTUBHICTH PECYPCOOIIATHOI TEXHOJIOTTT
BJIAIITYBAHHS CTAJIE3a11300€TOHHUX KOHCTPYKUINA 3 XOJOJHO(OPMOBAHUX CTAJIEBUX
npodimiB, MmO 0a3yeThCs HAa ONTUMI3AIll Ta BPIBHOBAXKEHHI PIBHS BUKOPUCTAHHS
HECy4o0i 31aTHOCTI MOHOJIITHO1 3a11300€TOHHO1 IUVIMTH CTaIe3a11300€ TOHHUX 3THHAHUX
KOHCTPYKIIiH. [lana TexHosoris OyJia BIpoBaKeHa i1 4ac BIAIITYBAHHS KOHCOIbHUX
OQJIKOHHHUX IUIMT PEKOHCTPYWOBaHOI OyaiBial y M. XapkiB. OTpumani pe3yjbTaTH
JOCIIJIKEHb CIYTyBaJIX OCHOBHOIO ONTHUMI3Alli KOMIUIEKTY poOOYNX KPECI€Hb MAPKH
Kb o BrnamtyBanHi0 0aTKOHHUX TUTUT BKa3aHOi OyAiBiIl. Takoxk y 4eTBepTOMY po3iii
HABEJICHO CTAaTHCTHYHY OOpOOKY MOPIBHSHHSA TEOPETUYHUX 1 EKCIEPUMEHTaTbHUX
pE3ynbTaTiB MPOBEICHUX JTOCTIIKEHbD.

Kuro4oBi ciioBa: crane3anizo0eToHHI KOHCTPYKIIii, X070 1HO(OPMOBaHi CTajeBi
npo@dini, HarpyKeHo-AehOPMOBAHUI CTaH, MILIHICTb, 1€()OPMATUBHICTh, PO3PAXYHOK,

IMPOCKTYBAHHs, BUTOTOBJICHHA, GKCHepHMeHTaJ'IBHi I[OCJ'IiI[}KeHHSI.



ABSTRACT

Drobotya O.V. Strength and deformability of load-bearing and enclosing
reinforced concrete structures from cold-formed steel profiles. — Qualification scientific
work in the form of a manuscript.

Dissertation for the degree of Doctor of Philosophy in the specialty 192 —
Construction and civil engineering (19 “Architecture and construction). — National
University “Poltava Polytechnic named after Yuriy Kondratyuk™. — Poltava, 2026.

Cold-formed steel profiles should be considered as a modern, economically
feasible and universal material for the manufacture of load-bearing and enclosing
reinforced concrete structures, the potential of which in the conditions of Ukraine
remains not fully realized.

The introduction substantiates the relevance of the problem being solved,
formulates the goal, objectives of the research, scientific novelty and practical
significance of the results obtained, provides information on personal contribution and
approval of the dissertation materials, presents its general structure and scope.

The first section analyzes the history of the emergence of cold-formed steel
structures, which begins in the 12th century, when metal structures began to be used as
ties in stone buildings. In Europe and America, cold-formed steel structures quickly
gained popularity in single-story and low-rise construction of buildings, industrial and
warehouse buildings. The structural diversity of cold-formed steel structures includes
linear profiles for columns, beams, girders and trusses, as well as planar - profiled decks
of three main groups: with rectilinear elements; longitudinal or longitudinal; transverse
stiffeners. Cold-formed steel structures are sensitive to various forms of loss of stability,
which emphasizes the relevance and feasibility of their use in composite structures, in
particular in steel-reinforced concrete. Reliable fastening of steel to concrete in
composite structures is ensured by anchor elements of various types: rigid stops;
flexible anchors; relief stampings on corrugated board; welded studs. A promising

method for increasing the bearing capacity and stiffness of beams from cold-formed



steel structures is prestressing, which saves steel consumption while reducing
deflections and allows for more efficient use of high-quality grades.

The second section considers the theoretical foundations of determining the
strength and deformability of steel-reinforced concrete beams from cold-formed steel
profiles. First of all, the feasibility of using the reduced cross-section method to
determine the parameters of the stress-strain state of bent steel-reinforced concrete
structures is considered. It is proved that it is most expedient to reduce the concrete
cross-section to the steel cross-section using the reduction factor calculated from the
ratios of concrete: the calculated value of the compressive strength of concrete and the
calculated strength of the steel part of the cross-section at the yield point. Special
attention is paid to the calculation of reinforced concrete structures from cold-formed
steel profiles under biaxial loading. Further, the work considers the general principles
of creating rational prestresses in the components of reinforced concrete girders made
from cold-formed steel profiles.

An effective way to prestress the steel part of reinforced concrete structures is to
pre- deform them with bends that are opposite to the operational ones. Such bends are
arranged either with jacks or by installing additional prestressed rods. In this case, the
pre-bent state of the steel part is fixed either by welding its components during
manufacture, or by changing the conditions of fastening this steel beam part to the
columns, or by installing additional stressed rods, or by concreting the steel part of the
cross-section of steel- reinforced concrete structures. The work proposes to fix the pre-
bent state of the steel part of the structure by filling the internal cavity of the steel U-
shaped part of the cross-section of the steel-reinforced concrete rod with concrete,
which can be used as a wall purlin. The main calculation dependencies for calculating
the forces in the shear connections of beams loaded at the center of the span with a
concentrated force with a rigid connection of the concrete and steel parts of the cross-

section are also given. The shear forces in the contact seam will be determined as for a



monolithic two-layer beam according to the dependencies of the theory of composite
rods.

The third section presents the results of experimental studies of the stress-strain
state and bearing capacity of prestressed steel-concrete wall girders made of bent
channels No. 10 with a wall thickness of 3 mm and a length of 3000 mm with a
concrete-filled U-shaped cavity and operating under conditions of oblique (biaxial)
bending. The following was established:

- by filling the internal cavity of the steel U-shaped part of the cross-section
with concrete, it is possible to fix its prestressed (pre-bent) state. After the concrete
gains strength and the jack is released, the pre-The bending moment is reduced by 81%
for specimens filled with concrete at the level of the channel flanges and by 31% for
specimens filled with concrete 30 mm (1.6 times) above the level of the flange of the
channel flanges;

- filling the internal cavity of the channel with concrete increases the bearing
capacity and stiffness of reinforced concrete girders operating on oblique bending by
up to 2 times;

— preliminary bending of the steel part of the cross-section of a reinforced
concrete girder operating on oblique bending increases its bearing capacity by up to
10% and stiffness by up to 25%;

— an increase in the cross-section height of the concrete core of a prestressed
reinforced concrete girder operating on oblique bending by 1.6 times increases its
bearing capacity by up to 33% and stiffness by up to 60%.

Thus, experimentally investigated prestressed reinforced concrete girders
consisting of a bent channel No. 10 with a wall thickness of 3 mm filled with concrete
and operating on an oblique bend (provided that the horizontal load is twice as large as
the vertical load) have practically the same bearing capacity with a stiffness higher by
up to 67%, as, for example, a steel girder made of an 80x3 mm pipe, which allows

reducing steel consumption by 38.5%.



The fourth section proves the effectiveness of the resource-saving technology
of installing reinforced concrete structures from cold-formed steel profiles, which is
based on optimizing and balancing the level of use of the bearing capacity of a
monolithic reinforced concrete slab of reinforced concrete bent structures. This
technology was implemented during the installation of cantilever balcony slabs of a
reconstructed building in Kharkiv. The obtained research results served as the main
optimization of the set of working drawings of the KB brand for the arrangement of
balcony slabs of the specified building. Also, the fourth section provides statistical
processing of the comparison of theoretical and experimental results of the conducted
research.

Keywords: steel-reinforced concrete structures, cold-formed steel profiles,
stressed-deformed state, strength, deformability, calculation, design, manufacturing,

experimental research.



