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HucepramiitHa poboTa mpHUCBIYEHA PO3POOJICHHIO METOJMKHU OIIHIOBAHHS
HEeCy4o1 3/IJaTHOCTI BY3JIiB 3’ €/THAHHS €JIEMEHTIB 3aJ11300€ TOHHUX KapKaciB.

Y nepwiomy po30ini po3riisiHyTO THNM CTHKIB €JIEMEHTIB 3a11300€TOHHUX
KapKaciB, iX KOHCTPYKTHBHI pI3HOBHIHM, OCOOJMBOCTI Mepeaaul 3yCHiIb MIXK
purensiMu Ta KosoHaMmu. CyMiCHY poOOTYy TakuX €JIeMEHTIB 3a0e3MeuytoTh BY3JIH
3’ €IHAHHSA, peani3alis SKuX MoXe OyTH IOCTaTHBO pi3HOMaHITHA. PO3risHyTO pi3Hi
BUJIM JKOPCTKUX 1 MIAPHIPHUX CTUKIB, iX MOXJIMBI BUIU PyHHYBaHHS Ta (HaKTOPH,
110 BIUIMBAIOTh HA HECY4y 37aTHICTh. BU3HAUEHO, 1110 HA MPAKTHUIl pPealli3yIOThCs
YOTUPH BUAM PYHHYBAHHS KOPOTKMX KOHCOJEH Ta YOTHUPU BHUAU PYyHHYBaHHS
HIMOHKOBUX CTUKIB. PO3IIISIHYTO mapaMeTpu, 1110 BKa3ylOTh HA TOW YW 1HIIUA BH]
pyHHYBaHHS TakUX eJeMeHTiB. JlOCHKEHO pi3HI TEOPETHYHI MiAXOAU J0
BU3HAYEHHS HECYYOi 3JaTHOCTI CTUKIB 3aJ11300€TOHHUX €JIEMEHTIB Ta BCTAHOBJICHO,
110 y OUTBIIOCTI BUNIAJKIB BOHM CHJIBHO PI3HATHCS MK c00010, a KiHIeB1 (hopMyIn
€ EMITIPUYHUMU Ta IPYHTYIOTHCA Ha Pe3yJIbTaTaX eKCIEPUMEHTANbHUX JOCIIKEHb.

Y opyzomy po30dini po3risHYyTO MOMXKIHMBOCTI CY4YaCHMX IPOTPAMHHX
KOMIUIEKCIB, IO peai3yl0Thb METOJi CKIHUCHHHX eJIEMEHTIB JIsl JOCHIIKCHHS
HaIpyKeHO-1e(OPMOBAHOTO CTaHy 3al1i300€TOHHUX KOHCTPYKUINA. JlokiamHo
ONMCAHO HEJIHIMHI MojeNn OeToHy, apMaTypu, Ta MOXJIMBOCTI MPOTPAMHHX
KOMIUIEKCIB i1l MOJENIOBAHHA IX CyMICHOT poOoTH. Bu3HaueHO ONTUMAanIbHOIO
moznenb O6erony Concrete Damage Plasticity nist MoaentoBaHHSI OTIOPY €JIE€MEHTIB
3’€/IHaHb 3aJ11300€TOHHUX KOHCTPYKIIA. [IpoBeneHo Bamipariiro Ii€i mMojen Ha
OCHOBI BIJJOMUX CTaHAAPTHUX BUIPOOYBaHb OETOHHHX Ta 3a711300€TOHHUX 3pPa3KiB

Ta JJOBEJICHO ii BIAMOBIHICTh €KCIIEPUMEHTAILHUM JIAHHUM.



Y mpemvomy po30ini nOCTiIPKEHO HAMpPyXeHO-AePOPMOBAHHUA CTaH
3aJ11300€TOHHUX KOHCOJIEH Ta IIMOHKOBUX CTHUKIB METOJIOM CKIHUEHHUX €JIEMEHTIB
npu Bapiamii TEOMETpUYHHMX TMapaMeTpiB, Kiacy OETOHy, apMyBaHHS U
0COOJIMBOCTEH Tmepenadi HABaHTAKECHHS MK €JEeMEHTaMM, IO 3 €IHYIOThCA.
30Kkpema, TOCHIKEHO HECYdy 3/IaTHICTh 3a11300€TOHHUX KOHCOJICH 3 TIOTIEPEUYHUM
apMyBaHHSIM Ta 0€3 HbOTO JIJISl BUITAIKIB PYWHYBAHHS 32 IMOMEPEYHOIO0 CHIIOK0 (TIPU
JIOCTATHIA KIJIBKOCTI MO3JA0BKHBOT apMaTypH), PO3MIITHYTO OCOOJMBOCTI mepeaayi
BHYTPIIIHIX CHJI Ta 3pO0OJIEHO CHIBCTaBICHHS 3 BIAMOBIAHUMH TEOPETHUYHHUMU
monensmu. IlokazaHo, IO CKiIHUEHHOCNEMEHTHHMI aHalli3 TIOKa3ye XapakTep
pyWiHYBaHHS, TOMIOHMI 10 pyHHYBaHHS EKCIEPUMEHTAIBHHUX 3pa3KiB SK IS
KOHCOJIEH TaK 1 JIJIsl IMOHKOBUX CTHKIB.

Y uemeepmomy po30ini 3anpONOHOBAHO 3aCTOCYBAaHHS METOJIUKU
pPO3paxyHKy HECy4Oi 3JaTHOCTI KOPOTKUX KOHCOJICH Ta IIBIB IIMOHKOBUX 3’ €THAHD
BapialiiHuM  MeToAOM  Teopli miacTuyHOCTi. Po3rnsgHyTo  TeopeTuuHe
OOTPYHTYBaHHS METOY Ta MOCIIOBHICTh HOTO peati3allii Jis MOCTaBJICHUX 3a/ad.
HaBeneno mpomo3uiii momo po3paxyHKy OMOpPY KOPOTKMX KOHCOJIEH Ta
IIMTOHKOBOTO 111BA MIPH PYWHYBaHH1 32 TOXUJIOI0 CTUCHYTOIO CMYTOIO.

Y n’amomy po30ini naBeneHo MOpiBHSILHUYN aHAII3 pe3yJIbTATIB JOCIIKCHb
€JIEMEHTIB 3 €IHaHHA 3a711300€TOHHUX KOHCTPYKIIH 3a eKCIepUMEHTAIbHUMU
JaHUMH, YUCETbHUMH PO3paxyHKaMHd METOJIOM CKIHYEHHHX eJIEMEHTIB Ta 3a
3aMPOTIOHOBAHNX AHATITUYHUX METOJUKAX K ISl KOHCOJIEH TaK 1 JJIs IIMMOHKOBHUX
IBIB. 3’4COBaHO, IO MEXaHI3MU PYWHYBaHHS, OTPUMaHI PI3HUMU METOJIaMH,
MalTh CHOUIBHI pUCH, a TOPIBHAUIBHUN aHadi3 MiATBEPAUB JOILUIBHICTD
3aCTOCYBAaHHS 3alpPONOHOBAHOI METOJMKM B TMPAKTUL MPOEKTYBAHHS BY3JIIB
3'€IHaHb 3A11300€ TOHHUX KOHCTPYKIIIM.

Kniowuosi cnosa: necyda 31aTHICTh, YUCETIHHE MOJICITIOBAHHS, BY30JI, PUTEIIb,
KOJIOHA, HampyXeHo-nepopMoBaHui cTaH, Monenl AepopMyBaHHS OETOHY,

BapialiiHui METO/I.



ABSTRACT

Myshchenko M.O. Bearing Capacity of the Beam-to-Column Joint of
Reinforced Concrete Frames. — Qualification scientific work on the rights of a
manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 192 —
Construction and Civil Engineering (field of knowledge 19 — Architecture and
Construction). — National University “Yuri Kondratyuk Poltava Polytechnic”. —
Poltava, 2026.

The dissertation is devoted to the development of a methodology for assessing
the bearing capacity of joints connecting elements of reinforced concrete frames.

The first chapter examines the types of joints between elements of reinforced
concrete frames, their structural variations, and the features of force transfer between
beams and columns. The compatible behaviour of such elements is provided by
connection joints, which can be implemented in a fairly diverse manner. Various
types of rigid and pinned joints, their possible failure modes, and the factors
influencing bearing capacity are considered. It has been determined that, in practice,
four types of failure of short corbels and four types of failure of keyed joints are
observed. The parameters indicating one or another mode of failure of such elements
are examined. Various theoretical approaches to determining the bearing capacity of
joints of reinforced concrete elements have been investigated, and it has been
established that in most cases they differ significantly from one another, while the
resulting formulas are empirical and based largely on the results of experimental
studies.

The second chapter examines the capabilities of modern software packages
that implement the finite element method for investigating the stress-strain state of
reinforced concrete structures. Nonlinear models of concrete and reinforcement, as
well as the capabilities of software packages for modelling their compatible
behaviour, are considered in detail. The Concrete Damage Plasticity model has been
determined to be the optimal concrete model for simulating the resistance of joint

elements of reinforced concrete structures. This model has been validated on the



basis of well-known standard tests of concrete and reinforced concrete specimens,
and its agreement with experimental data has been demonstrated.

The third chapter investigates the stress-strain state of reinforced concrete
corbels and keyed joints by the finite element method, with variation of geometric
parameters, concrete class, reinforcement, and the features of load transfer between
the elements being connected. In particular, the bearing capacity of reinforced
concrete corbels with and without shear reinforcement is studied for cases of failure
due to shear force (with a sufficient amount of longitudinal reinforcement); the
features of internal force transfer are considered, and a comparison with the
corresponding theoretical models is made. It is shown that the finite element analysis
reveals a failure pattern similar to that of experimental specimens, both for corbels
and for keyed joints.

The fourth chapter proposes the application of a methodology for calculating
the bearing capacity of short corbels and the seams of keyed connections by the
variational method of the theory of plasticity. The theoretical substantiation of the
method and the sequence of its implementation for the formulated problems are
considered. Proposals are presented for calculating the resistance of short corbel
keyed joint in the case of failure along an inclined compressed strut.

The fifth chapter presents a comparative analysis of the results of
investigations of joint elements of reinforced concrete structures based on
experimental data, numerical calculations by the finite element method, and the
proposed analytical methodologies for both corbels and keyed joints. It has been
established that the failure mechanisms obtained by different methods share
common features, and the comparative analysis has confirmed the feasibility of
applying the proposed methodology in the design practice of joints of reinforced
concrete structures.

Keywords: bearing capacity, numerical modeling, joint, beam, column,

stress-strain state, concrete deformation models, variational method.



