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Pedepar:

1. Inceprauifina po60Ta IPUCBIYEHA BUPIIIEHHIO aKTyaJIbHOI HAYKOBO-TEXHIYHOI Ipo6JieMU 3a6€311e4eHHS HeCy4oi
3aTHOCTI CTUKOBHUX 3'€JHaHb 3a/1i300€TOHHUX KOHCTPYKILil1 3 MiIBULIIEHMM OIIOPOM 3Pi3y 17151 FTapaHTyBaHHS
CyMiCHOi pO6GOTH €JIeMEHTIB Cy4aCHUX KOHCTPYKTUBHUX CUCTeM OyJiBesb i criopyh. IIpoBesieHi KOMILJIEKCHI
eKCIIepUMEeHTaJIbHi JOCIiI>KeHHS IIIOHKOBUX 3'€JHaHb. BUNPOOYBaHO 5 TUIMIB AOCIiAHUX 3pa3kiB (7 cepiit: 123
3pasku). CUCTEMATM30BAHO BILJIMB HAa XapaKTep PyMHYBaHHS, Ae(POPMOBAaHUN CTaH Ta HECYYY 3[ATHICTb:
BiJHOLIEHHS IJIMOVHM LIIIOHKU [0 ii BUCOTH, PiBHS OOKOBOTO OOTHCHEHHS, BiJICOTKA IIOTIEPEYHOr0 apMYyBaHHS Ta
pO3TalllyBaHHS apMaTyPH 3a BUCOTOIO LIITOHKU [1J1 OKPEMUX LITIOHOK; KyTa HaxUJly OIIOPHOI rpaHi MIOHKHU Ta
MIMPUHY 1IBa HA OJHOMIIOHKOBUX KOHTAaKTHUX CTUKAX i 3'€AHAHHX 3i IIBOM; (GOPMU IITTOHKOBOro Npodisio Ta
KiJIBKICTi IITIOHOK Ha 6araToIOHKOBUX 3'€IHAHHSIX Ta KOHTAKTHUX CTUKAX; BUy Ta KJacy 6€TOHY (BaXXKUI 6€TOH,

Kepam3UuTo6eToH i ¢pibpobeToH). BuKOHaHI JOCIiIKeHHS HeCy40i 30aTHOCTI ITNOHKOBUX 3'€JHaHb Bapial[iiHuM



METOZIOM Y TeOpii JIaCTUYHOCTI, KOTpa BUCTYIIA€ 3arajlbHOI0 OCHOBOIO JI7Is1 CTBOPEHHSI METOJ0JIOTII PO3PaxyHKY
CTUKIB, 5Ki XapaKTepU3YIOTbCA i BUIIEHUM OIIOPOM 3pi3y. [IpoBeieHO MOPiBHAIBHUIN aHAJi3 TEOPETUYHO
OTPUMAaHOi HeCy4oi 34aTHOCTI 3 AOCIiTHOIO (224 nopiBHSIHHS). OTPUMAHO 33J0BiJIbHY 30KHICTh BiIXUIE€Hb
CEepeHIX i pO3paXyHKOBUX PE3YJIbTATIB Ta MiHIMyM HaJJIMIIKOBUX 3aIlaciB HECYUYOI 34aTHOCTI. 3alIPOIIOHOBAHA
iHKeHepHa MeTO/IMKA PO3PAXYHKY i YI,OCKOHAJIEHi KOHCTPYKTUBHI PillleHHsI MIITOHKOBUX 3'€IHAHb 3 MiJBUILIEHUM
oropy 3pi3y. Kito4oBi cj10Ba: MIOHKA, OGTUCHEHHS], I0NIepeYyHe apMyBaHHs, MIMPHUHA 1IBa, I0TIepPeYHUil TPOdisb,
Iedopmaliisi, Hecyda 3[1aTHICTb, TEOPisl JIACTUYHOCTI, BapialliilHUIl METOS.

2. The introduction substantiates the relevance of the problem being solved, formulates the aim the tasks of the
research, the scientific novelty and practical significance of the obtained work results. The first chapter provides a
review of the technical literature. It examines modern structural systems for reinforced concrete buildings, in
which the joints between bearing structures and contact joints in monolithic and precast and cast-in-place
structures are important components and require increased shear strength. It has been determined that the
specific characteristics of the work joints must be taken into account. The need for complex experimental studies,
the evaluation of the influence of as many determining factors as possible, and the development of a calculation
methodology for joints using the variational method in plasticity theory has been demonstrated. The second
chapter presents experimental program which includes testing of 5 types of test specimens (7 series: 123
specimens): individual keys with determination of the influence of the key depth-to-height ratio lk /hk, the
compression ratio o/fc, the reinforcement percentage osw, and the arrangement of the reinforcement along the
height of the key (series 1, 2, and 3); single-key contact joints and joints with a seam with variation in the angle of
inclination of the key’s bearing surface o; the number and arrangement of the reinforcement, and the seam width tj
(series 4 and 5); multi-key joints with a seam and contact joints with an assessment of the influence of the key
profile shape, the reinforcement ratio osw, and the number of keys in the joints (series 6 and 7). The third chapter
presents the results of experimental studies of individual concrete and reinforced concrete keys and single-key
joints. Some rectangular concrete keys failed by shear across the entire cross-section when 0.3< lk /hk < 0.5.
Compression of concrete keys and reinforcement increases the ultimate load. When the compression ratio

o/fc varies from 0 to 0.32 at Ik /hk = 0.5 the resistance increases by a factor of 2.5, and the shear failure mode
extends to lk /hk =1atosw =1.03%, while at Ik /hk = 0.25, the ultimate load doubles. Spacing the reinforcement
into two levels leads to a more plastic failure. Triangular keys have up to 10% higher resistance compared to
rectangular ones. As the joint width increases from 50 to 200 mm, the bearing capacity of the joints decreases by
30%. The ultimate strains of the keys reach nc=1.9 - 2.9%o. The fourth chapter is devoted to the results of
experimental studies of multi-keyed joints with a seam and contact joints. For three-key joints with a seam, the
following failure modes were observed in the experiments: for seam widths tj = 25 - 200 mm, shearing of the two
keys n the cross-section closest to the vertical, and shearing in an inclined cross-section along the seam within
the last key; shear failure of one key and destruction of the seam within the two others; for tj = 200 mm: failure of
one key and the seam within an inclined compressed strut extending over the height of two keys in a triangular
profile; tj = 300 mm: failure along the seam. As the joint width increases, the load-bearing capacity of the joints
decreases. In key joints, there is an unevenness in the performance of the key s along the joint length. Chapter 5
presents theoretical studies of the bearing capacity of keyed joints in concrete and reinforced concrete elements
using the variational method within the theory of plasticity as a basis for developing a calculation methodology.
The sequence for solving problems of the bearing capacity of key joints is as follows: a kinematically possible
failure scheme is formed, which accounts the specifics of operation under limit conditions; velocity jumps and the
area of the failure surface are determined; the functional of the variational method is formulated, analyzed for
steady-state conditions, and the value of the ultimate load is determined. The obtained dependencies for
determining, using the variational method, the shear resistance of single concrete and reinforced concrete keys;
and the bearing capacity of single-key and multi-key joints for all failure cases. Chapter 6 presents the results of a
comparative analysis of the theoretically determined bearing capacity of key joints with that obtained
experimentally. The 224 comparisons indicate satisfactory agreement. Chapter 7 presents improved structural
solutions: the joint between the over-column slab and the column in a girderless, capless, and cantileverless



structural system; the joint of floor slabs to one another; the joint between a multi-hollow slab and a monolithic
girder in precast and cast-in-place floors using a hollow cylindrical cage for reinforcing the keys; the key joint
between multi-hollow floor slabs and panel walls; and the multi-key joint between a beam and a column. An
engineering calculation method is proposed.
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