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Pedepar/anoTamis:

1. Bnepiie oTpumaHi HOBi €KCIIEPUMEHTAJIBHI 1aHi 00 POOOTH JBOLIAPHIPHUX 3aJ1i300€TOHHUX paM i3 IITYy4HUM
PETYJIIOBAaHHAM 3yCUJIb, Ki O3BOJIMIIY BCTAHOBUTY 3aKOHOMIPHOCTI PO3BUTKY TPIillMHOYTBOPEHHS, 3MiHN
IeopmaliliHuX XapaKTepUCTUK Ta XapaKTepy [epepo3Nno iy BHYTPILIHIX 3yCUJIb Y IIPOLi€Ci HAaBaHTaKEHHSI.
PesynbTaTy €KCliepUMEHTAIbHUX AOCIIIPKEHD MiITBEPIKYIOTh JOLIIBHICTD BUKOPUCTAHHS MITYYHOTO PEryI0BaHHS
3yCUJIb B 3aTSDKLi 3a/1i300€TOHHUX PaM. YIOCKOHAJIEHO METOAMKY NOCiIPKEHHS ABOLIAPHIPHUX 3aJ1i300€ TOHHUX
paM 3 IITYYHUM PETYJIIOBAHHSIM 3yCUJIb i [i€l0 KOPOTKOYACHUX OJHOPA30BUX Ta MAJIOLMKJIOBUX HABAHTAXKEHD, 110
I03BOJIsI€ €PEKTUBHO BUKOPUCTOBYBATY HasIBHI MaTepiasbHi Ta TEXHIYHI pecypcu. YA0CKOHaIEHO MifXif 10 OLiHKY
HaIpy>XeHO-Ae()OPMOBAHOIO CTaHY PAMHUX KOHCTPYKLi/l HA OCHOBI IIO€JHAHHS €KCIIEPUMEHTAJILHUX PE3YJIbTaTiB
Ta YUCJIOBOTO MOZEJIIOBAHHS Y IIpOrpaMHOMY KomIwiekci ANSYS. 1le 703B0oInIO YTOYHUTY XapaKkTep PO3IOLiny

HarpyskeHsb i gedopmaliiil y By3j0BUX 30HaX paMm, a TAKOXK OLiHUTH BILJIMB KOHCTPYKTUBHUX [TapaMeTPiB Ha poOOTY



cucTtemu B Listomy. Habyiy nonanbmoro po3BUTKY MOJIOKEHHS MIOJ0 BPaxyBaHHs I€PEPO3NOLiNy 3yCHlb Y
CTAaTUYHO HEBU3HAYEHHUX 3aJ1i300€ TOHHUX CUCTEeMaX i3 ypaxyBaHHSIM (i3nyHOI HeJliHIMHOCTI MaTepiasiB Ta 3MiHK
SKOPCTKOCTI €JIEMEHTIB y NpoLeci HaBaHTaXKeHHS. OTPUMaHi pe3yJIbTaTy JONOBHIOIOTh iCHYIOYi HAYKOBI YSBJIEHHS
Ipo po6OTY IBOMIAPHIPHUX 3aJ1i300€TOHHUX PaM i MOXYTb OYTH BUKOPUCTaHI /1J11 BIOCKOHAJIEHHS] METOMIUK iX
PO3PaxyHKY Ta IIPOEKTYBAHHS. Y BCTYIi OOIPYHTOBAHO aKTyaJIbHICTh TEMU JOCJIiIPKEHb, HaBe[leHi MeTa Ta 3aBJAHHS
IycepTalifiHoi po6OTH, 00’EKT, IpeIMET Ta METOAM IOCIiI>KeHHSsI, HAyKOBa HOBU3HA OTPMMaHUX y POOOTi
pesysbTaTiB. BUCBiT/IeH]I ocobucTuil BHECOK 3100yBaya Ta anpoballisi MmaTepiaiis gucepTraliiiHOi poO60TH, 3B'S130K ii 3
HayKOBMMM NIPOrPaMaMH, a TAKOX IIPAKTUYHE 3HAYEHHSI OTPUMAHUX PE3YJbTaTiB. Y EPIIOMY PO3Misi
[IPOAHAaJIi30BaHO CTaH €KCIIEPUMEHTaIbHO-TeOPEeTUYHUX JOCIIIIPKEHb 3a1i300€TOHHUX paM (cepu 3aCTOCyBaHHS,
HaBaHTaXeHHsI, CTATUYHUI po3paxyHok, HIIC i Hecy4ya 3paTHICTh iepepisiB) Ta pobOTy 6€TOHIB 32 MaJIOLIUKIIOBUX
[IOBTOPHUX HaBaHTaXeHb. Ha 0CHOBI aHaizy cpOpMyIbOBAaHO METY NOCIIIKEHHS. Y IPYyroMy po3mimi
OBI'PYHTOBAHO OOCST €KCIIEPUMEHTY, OTIMCAHO KOHCTPYKILiI0, MaTepiau Ta IIPOL,eC BUTOTOBIEHHS AOCTiTHUX
3pasKiB. JleTasbHO NpeCTaBIeHO METOVKY BUIIPOOYBaHb JIBOIIAPHIPHUX PaM, CXEMU PO3MillleHHs IpUIafiB,
PEXMMU HaBaHTaKEHHSI Ta KpUTepii pyiHyBaHHs. Y TPETbOMY PO3/iJli HABELEHO pe3yJIbTaTu BUIIPOOYBaHb paM i3
IITYYHUM PETYJIIOBAHHSM 3yCUJIb 32 KOPOTKOYACHOTO OJJHOPA30BOr0 Ta IOBTOPHOTO MAJIOLMKJIOBOTO HABAHTAKEHb
piBHs o0 = (0,3...0,75) Fu. OTprmano HOBI faHi oo nedopmaliiii 6eTOHy i apMaTypu B pUresii Ta CTifiKax,
Iedopmaliiil 3aTsDKKH, po3Iipy, NepeMillleHHs 0Iop, IPOTUHY pUresis, a TakoXX IIapaMeTpiB TPIllMHOYTBOPEHHSI.
[To6bymoBaHoO BiANOBifHI fiarpaMu, ONKUCAHO XapaKTep PyMHYBaHHS KOXKHOI paMM Ta BU3HAYEHO iX HECy4y 3[aTHICTb.
Y 4eTBEpTOMY PO3[iJi HABELEHO pe3yJIbTaTH BUIIPOOYBaHb PaM [IPYyroi cepii 32 0HOPa30BOTO Ta IOBTOPHOTO
MaJIOIIMKJIOBOIO HaBaHTaXeHb piBHA O = (0,3...0,7) Fu. OTpumano HoBi gaHi mono HIC, nedpopmatiiit 6eTony i
apMartypu B puresi Ta cTilikax, fedopMalliil 3aTsSKKY, IPOTYHIB, @ TAKOXX 0COOJIMBOCTEN TPIillIMHOYTBOPEHHS.
[TobynoBaHo rpagiyHi 3a71€XXKHOCTI, ONIMCAHO XapaKTep PyHHYBaHHS KOKHOI paMU Ta BU3HAYEHO iX HECYdy
3[ATHICTB. Y M'ITOMY PO31ijii HABEIEHO PE3yJIbTaTU YACJIOBOIO MOJIEIIOBAHHS PaM METOJIOM CKiHYEHHUX €JIEMEHTIB
y IIK «ANSYS» 3a 0lHOpa30BOro HaBaHTaKEHHS Ta BUKOHAHO iX 31CTaBJIEHHS 3 €KCIIEPUMEHTAJILBHUMU JaHumu. Ha
OCHOBI JeopmaniiiHoi Mozesi yIOCKOHAIEHO HAaYKOBO-TIPUKJIAAHI TOJIOKEHHS PO3PAXYHKY MilJHOCTi HOPMaJIbHUX

nepepisis i HIC aBomapHipHUX 3a1i300€ TOHHUX paM.

2. For the first time, new experimental data on the operation of double-hinged reinforced concrete frames with
artificial force regulation were obtained, which allowed us to establish the regularities of crack formation
development, changes in deformation characteristics and the nature of the redistribution of internal forces during
loading. The results of experimental studies confirm the feasibility of using artificial force regulation in tightening
reinforced concrete frames. The methodology for studying double-hinged reinforced concrete frames with
artificial adjustment of forces under the action of short-term single and low-cycle loads has been improved, which
allows for the effective use of available material and technical resources. The approach to assessing the stress-
strain state of frame structures has been improved based on a combination of experimental results and numerical
modeling in the ANSYS software package. This allowed us to clarify the nature of the distribution of stresses and
strains in the nodal zones of frames, as well as to assess the influence of design parameters on the operation of the
system as a whole. The provisions on taking into account the redistribution of forces in statically indeterminate
reinforced concrete systems, taking into account the physical nonlinearity of materials and changes in the stiffness
of elements during loading, have been further developed. The results obtained complement the existing scientific
understanding of the operation of double-hinged reinforced concrete frames and can be used to improve the
methods of their calculation and design. The first section analyzes the state of experimental and theoretical
research on reinforced concrete frames (areas of application, loads, static analysis, stress-strain state, and cross-
sectional load-bearing capacity) and the behavior of concrete under low-cycle repeated loading. Based on this
analysis, the research objective is formulated. The second section substantiates the scope of the experimental
research and describes the design, materials, and manufacturing process of the test specimens. The testing
methodology for two-hinged frames, sensor layout schemes, loading regimes, and failure criteria are presented in
detail. The third section presents the test results of frames with artificial stress regulation under short-term single
and low-cycle repeated loading at the level of o = (0,3...0,75) Fu. New data were obtained regarding concrete and



reinforcement strains in the rafter and columns, tie-rod tensile strains, thrust values, support displacements,
rafter deflection, and cracking parameters. Corresponding diagrams were constructed, the failure behavior of each
frame was described, and their load-bearing capacity was determined. The fourth section outlines the test results
for the second series of frames under single and low-cycle repeated loading at the level of o = (0,3...0,7) Fu. New
data on the stress-strain state, concrete and reinforcement strains in the rafter and columns, tie-rod strains,
deflections, and cracking characteristics were obtained. Graphical relationships were established, the failure
behavior of each frame was described, and their load-bearing capacity was determined. The fifth section presents
the results of numerical simulation of the frames using the finite element method in the "ANSYS" software suite
under single loading, followed by their comparison with experimental data. Based on the strain model, the
scientific and applied provisions for calculating the strength of normal cross-sections and the stress-strain state of
two-hinged reinforced concrete frames have been improved.
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