AHOTAINIA

€g¢imenko O.1. Harpy>keHO-#e(p)OopMOBaHUI CTaH Ta HeCyua 3/lJaTHICTb CTUCHYTHUX
cTase3asi3o0eTOHHUX eieMeHTiB, apMOBAHUX CTajeBUMM jucTamu. — Keasidikariilia
HayKoBa [partjs Ha IpaBaxX PyKOIIUCY.

Huceprailis Ha 3700yTTS HAyYKOBOTO CTyIeHs JoKTtopa dinocodii 3a
cnenianbHicTiIO 192 — ByaiBHMLTBO Ta LMBiibHa iHXeHepis (19 «Apxitekrypa i
OyzaiBHUIITBO»). — HaijioHanbHUM yHiBepcuTeT «[lonTaBchKa mostiTexHika imeHi HOpis
Konppatroka.

HuceprariitiHa poboTa TpHUCBSYEHa AOCTIHKEHHIO HarpyKeHo-Ze(opMOBaHOTO
CTaHy Ta Hecyd4ol 3[aTHOCTi CTUCHYTUX CTasie3ali300eTOHHUX e/IeMeHTiB, apMOBaHUX
CTa/leBUMM JIUCTaMU B 3a/Ie)KHOCTI BiJi BUCOTU 1 €KCLIeHTPUCUTETY IIpUK/aleHHs
HaBaHTa)KeHHsI Ta pO3po0I]i ilKeHePHUX METO/iB iX pO3PaxyHKY.

Y po3pini 1 «3arajsbHi BiJoMOCTi TIpO cTase3asi3o0eTOHHI KOHCTPYKIJii Ta iX
JOCTiKeHHs» PO3T/ITHYTHM Ta TIpoaHasi30BaHU CyyaCHUN CTaH CTaje3asiz00eTOHHUX
KOHCTPYKIIil, HaBeJleHO iX rmepeBaru Ta HeJj0/iK1, C(OpMOBaHi 3ajjaui A0C/iyKeHHs. Y
3B’A3Ky 3 aAKTUBHUM pDO3BUTKOM OY/iBHHMI[TBA PO3IIMUPIOETHCS Cepa 3aCTOCYBaHHS
cTane3ani300eToHy SIK €KOHOMIUHOI Ta ITPOrPeCHBHOI KOHCTPYKIii, TOMy BHUHUKAE
HeoOXigHiCTb AOC/TiHKeHHsT Harnpy>XKeHo-AehOpMOBAHOTO0 CTaHy CTUCHYTHX €/IeMEHTIB
i3 30BHIILIHIM apMyBaHHSIM CTajieBUMU JIUCTaMu. [1is parjioHanbHOI pob0TH apMaTypH,
CTajeBUX TMPOKATHUX TpodimiB ¥ OeToHy iX criosiyueHHsT MOXXe OyTH JOCUTH
pi3HOMaHiTHUM. BinmiueHo, 1[0 mpu poOOTi Ha CTUCK [OCTaTHHO e(deKTHBHHUMHU €
cTase3as1i300eTOHHI KOHCTPYKIIil i3 30BHIIITHIM JIMCTOBUM apMYyBaHHSIM.

Y po3aini 2 «MeToayKa eKCriepyUMeHTaIbHUX J0C/TiI)KeHb Ta (hi3UKO — MeXaHiuHi
BJIACTUBOCTI TMPUMHATUX MaTepialiB» CKIaJeHO TIporpamy eKCleprMeHTaJTbHUX
JIOC/TiPKeHb 3 ypaxyBaHHSM BUBUEHHs BIIJIMBY Ha Hecyuy 3/aTHICTb i Aedopmaiiii
cTasne3anizo0eTOHHUX  e/leMeHTiB  DPi3HMX  [apaMeTpiB:  BUCOTU  eJieMeHTa,
eKCLIeHTPUCUTEeTY IIPUKJIaJJaHHd 3yCW/UIs, BUAY apMyBaHHs. HaBeleHO CTPYKTYpHO-
JIOTiYHy CXeMy eKCIepUMeHTabHUX [OC/TiKeHb, pPO3pO0/eHO CXeMH KOHCTPYKIIiH
JNOC/TiAHUX 3pasKiB Ta TeXHOJIOTII0 IX BUIOTOBJIEHHS, OIKMCAHO METOUKY MpOBeJeHHS

€KCIIEpUMEHTY, IIpPOBEAEHO BI/IHPO6YBaHHF[ OeTOHHUX KY6iB, IMpU3M, CTa/IeBUX CMYXKOK,



apMaTypHMX CTEepP)KHiB [/ BU3HaueHHs (i3vKO-MeXaHiUHMX BAaCTHBOCTEeM BUXiJHUX
Marepia’is.

Y posgini 3 «Pe3ysbTaTy eKcriepuMeHTalbHUX J0C/IiI)KeHb HeCy4dol 3[aTHOCTI Ta
nehopMaTUBHOCTI CTajleBUX e€JIeMeHTIiB i3 JIMCTOBUM apMyBaHHSIM» IOC/TiI>KeHO
XapakTep pYWHYBaHHS, BHM3HAau€HO HeCyd4y 3/laTHICTb, HaBeJeHO Jedopmalii Ta
repeMillleHHs1  CTasie3ai300eTOHHUX eJIeMeHTIiB apMOBAaHUX CTajleBUMU JIUCTaMU.
[ToOygoBaHO 3a/eXXHICTH HeCydoi 37aTHOCTI BHUIIPOOYBaHUX CTase3ali300eTOHHUX
3pa3KiB 3 JIMCTOBMM apMYyBaHHSIM BiJj BHUCOTH ejleMeHTa, HaBe/leHO ¢oTorpadii
XapakTepy PpYWHYBaHHS [JOC/AIAHUX 3pa3KiB, BCTAHOBJIEHO 3a/I€XKHICTb HeCyuol
3[0ATHOCTI BiJi BMCOTU Ta TIPUKIALEHOr0 eKcueHTpucuTery. I[IpoaHasnizoBaHO
3a7Ie)XHICTh  BiffHOCHUX Jedopmaliii y O6eToHi Ta JIMCTOBOMY apMyBaHHI Bif
HaBaHTa)KeHHs [JI [JOCAIAHUX 3paskKiB, BHU3HAueHO IX IMIPpOrvHU. BupaxyBaHa
3aJ/Ie)KHICTh Mi>K HaBaHTa)KeHHSIMM i MO3[0BXHIMU AedopMallisiMU Ta 3a/1eXXHiCTb MiXK
HaBaHTa)KeHHSIMU 1 BUTMHAMU /1S BCIX JOC/IIAHUX 3pa3KiB.

Y po3saini 4 «JlocnipkeHHs i TIOPiBHSUIbHUM aHasi3 Harpy»kKeHOo-AehOopMOBaHOTO
CTaHy CTaje3aai300eTOHHHUX KOHCTPYKLiA 3a [OTIOMOTOH0 MeTO/y CKiHUeHHUX
e/leMeHTiB» BUKJIaZIEHO riepelyMOBU Jinje: PO3paxyHKYy, 3MO/ie/IbOBaHi
cTane3ani300eTOHHI e/leMeHTH i3 30BHIIIHIM apMyBaHHSIM JIUCTaMW, HaBeJeHO
pe3y/bTaTH UYMCeTbHOTO MOZEeIIOBaHHS AOCTiIHUX 3pa3KiB, MoOyAoBaHO i roka3aHO
TOPiBHSIHHSA [1ehOPMOBaHOI CXeMH KOHCTPYKILIili 3 aHa/IOTiUHUMU eKCTiepUMeHTa/IbHUMU
3pa3Kk, 1oOy0BaHi 3a/eXXHiCTb MK Harpy>keHb B 0eTOHi Ta MeTasi. Bci po3paxyHku
HaBeZleHi B Tab/uLli, 3a JAOMOMOTOI SIKOi TpOaHasli3yBaBIId pe3y/bTaTH AOC/iPKeHb
poboTy cTasne3anizobeTOHHUX CTPWKHEBUX KOHCTDPYKLIiM, apMOBaHUX J/MCTaMU 3a
[IOTIOMOrOI0 MeTOJly CKIHUEHHUX eJIeMeHTIB I[10Ka3aHOo, L0 TeOpeTUYHi 3HauyeHH:
HeCyuol 34aTHOCTI N; BiJpi3HAIOTHCA BiJl eKCliepuMeHTalbHUX Ha 5,7-9,9%.

Y po3gini 5 «Po3paXyHOK Ta TPOEKTYBaHHSI CTMCHYTHX CTajie3asli300eTOHHUX
KOHCTPYKL[iM ~ apMOBaHUX  CTaj/eBUMM  JIMCTaMW»  HAaBEJeHO  pPO3paxyHOK
cTase3ani3o0eTOHHUX KOHCTPYKLiN 3 JMCTOBUM apMyBaHHSM 3a 3BeJeHUM [0 CTaji
repepizoM, pO3paxyHOK cCTaje3ani300eTOHHUX CTiMOK Ha LeHTpaJbHUM Ta

M03aLleHTPOBUM CTUCK 3 ypaxXyBaHHSM BTpPaTH CTIMKOCTI, TPOBEJEHO IPOeKTYBaHHS



CTane3ani300eTOHHUX KOHCTPYKIIIM apMOBaHUX JIUCTaMH, PO3p00JIeHO ITOPiBHSHHS
TeXHiKO-eKOHOMIUHOI ~ e()eKTMBHOCTi  3alpOeKTOBAaHMX KOJOH 3  TUIIOBUMH
3a/1i300eTOHHUMU. 3a HaBe/IeHOH MEeTOJUKOI) PO3pPaxyHKY IO MpUBeJeHUM Iepepizam
Oy TMpoBefieHi AOCIiKeHHsS eKCIIepPUMeHTaTbHUX KOHCTPYKIIil, pe3y/IbTaTh SIKOTO
MOKas3ajM, 10 3HaueHHsI HeCyuoi 3[aTHOCTI Bijpi3HdgeTbCcd Ha 4,7-8,8% BifA
eKCIiepyuMeHTallbHUX. 3a pe3y/ibTaTaMHM IMPOEKTYBaHHS OJHOIIOBEPXOBOI BHUPOOHWUOI
OyziBai po3po0bsieHO Kpec/jeHHsI CTase3as1i300eTOHHMX KOJIOH apMOBAHMX JIMCTaMHU
Bucotoro 9,6, 8,4, 7,2 wmetrpiB. IlpuBeseHi 3aTpaTM Ha OJUHUIO BUPOOY
cTase3ami300eTOHHUX KOHCTPYKLIM apMOBaHMX JIMCTAMU TOKa3ylTh, M0 IX
BHUKOPUCTaHHS AOL[i/TbHO TIPU BUCOTi KOJIOHU Oiftbiiie 7,2 M.

Knwouosi  cnoea: HarpyxkeHo-medopMoBaHMi — CTaH, CTase3ani300eToHHI
e/leMeHTH, HeCyuya 3[aTHiCTb, eKCLIeHTPUCUTET, THYUKICTb, Ieplie TpaHu4yHe 3yCUJ/IIA

N 1, Apyre rpaHru4yHe 3yCHUJIA NZ, JINCTOBE dPMYBdHHJI.
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ANNOTATION

Yefimenko O.I. Stress-strain state and bearing capacity of compressed steel-
reinforced concrete elements reinforced with steel sheets. — Qualifying scientific work
on the rights of the manuscript.

Dissertation for the degree of Doctor of Philosophy (PhD) on specialty 192 -
Construction and Civil Engineering (19 «Architecture and Construction »). — National
University «Yuri Kondratyuk Poltava Polytechnik», Poltava, 2020.

The dissertation is devoted to the development of the stress - strain state and
bearing capacity of compressed reinforced concrete elements, reinforced with steel
sheets, depending on the height and eccentricity of application of load and development
of engineering methods for their calculation.

In section 1 "General information about reinforced concrete structures and their
research” the current state of reinforced concrete structures is considered and analyzed,
their advantages and disadvantages are given, the research tasks are formed Due to the
active development of construction, the scope of application of reinforced concrete as
an economic and progressive structure is expanding, so there is a need to study the
stress-strain state of compressed elements with external reinforcement of steel sheets.
For rational work of armature, steel rolled profiles and concrete their combination can
be rather various. It is noted that when working on compression, reinforced concrete

structures with external sheet reinforcement are quite effective.



In section 2 «Methods of experimental researches and physical and mechanical
properties of accepted materials» the program of experimental researches is made taking
into account studying of influence on bearing capacity and deformations of reinforced
concrete elements of various parameters: height of element, eccentricity of effort, kind
of reinforcement. The structural-logical scheme of experimental researches is given, the
schemes of designs of prototypes and the technology of their manufacture are
developed, the technique of carrying out the experiment is described, tests of concrete
cubes, prisms, steel strips, reinforcing bars were conducted to determine the physical
and mechanical properties of the starting materials.

In section 3 "The results of experimental studies of the load-bearing capacity and
deformability of steel elements with sheet reinforcement” the nature of the destruction
was investigated, bearing capacity is determined, deformations and displacements of
reinforced concrete elements reinforced with steel sheets are given. The dependence of
the load bearing capacity of the tested reinforced concrete samples with sheet
reinforcement on the height of the element is constructed, photographs of the nature of
the destruction of the prototype are given, the dependence of bearing capacity on height
and applied eccentricity was established. The dependence of relative deformations in
concrete and sheet reinforcement on the load for prototypes is analyzed, their
deflections are determined. The relationship between loads and longitudinal
deformations and the relationship between loads and bends for all test specimens are
calculated.

In section 4 "Research and comparative analysis of the stress-strain state of
reinforced concrete structures using the finite element method" the preconditions for
calculation are stated, the reinforced concrete elements with external reinforcement by
sheets are modeled, the results of numerical modeling of experimental samples are
resulted, the comparison of the deformed scheme of designs with similar experimental
samples is constructed and shown, the dependence between stresses in concrete and
metal is constructed. All calculations are given in the table, which analyzed the results

of studies of reinforced concrete rod structures reinforced with sheets using the finite



element method, it is shown that the theoretical values of bearing capacity N1 differ
from the experimental ones on 5,7-9,9%.

In section 5 "Calculation and design of compressed reinforced concrete structures
reinforced with steel sheets" the calculation of reinforced concrete structures with sheet
reinforcement by the cross-section, calculation of reinforced concrete racks for central
and off-center compression, taking into account the loss of resistance, design of
reinforced concrete structures reinforced with sheets, a comparison of the technical and
economic efficiency of the designed columns with typical reinforced concrete is
developed. According to the method of calculation on the given sections, studies of
experimental designs were carried out, the results of which showed that the value of
bearing capacity differs by 4,7-8,8% from experimental. Based on the results of
designing a one-storey industrial building, drawings of reinforced concrete columns
reinforced with sheets of height were developed 9,6; 8,4; 7,2 meters were developed.
The cost per unit of steel reinforced concrete structures reinforced with sheets shows
that their use is advisable when the height of the column is more than 7.2 m.

Key words: stress-strain state, reinforced concrete elements, carrying capacity,
eccentricity, flexibility, the first boundary effort of N1, gpyre rpanuune 3ycunisa N2,

sheet reinforcement.
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