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1. Incepranjiiina npaus NpucBsdeHa JOCiIPKeHHIO HeCy4oi 3laTHOCTI 327113066 TOHHUX 6ajloK 3 HEPiBHOMIpHUMU
IIOIIKOKEHHSIMU IIPU [1ii HaBaHTa>XXEHHS1. AKTyasIbHICTh TEMaTUKU OOyMOBJIEHA TUM, 1IO B YMOBax TPUBAJIOi
eKCIulyaTallii, TeXHOJIOTIYHUX BIUIUBIB Ta [ii arpeCUBHUX CEPENOBUIL 3a1i300€TOHHI KOHCTPYKLii MOKYTb 3a3HaBaTH
JIOKaJIbHYX MOUIKO/>KEHb. METOI0 TOCiIKEHHS € BUSHAYEHHS BIJIMBY PiBHSI HABAHTKEHHS I1iJ] 4aC YTBOPEHHS
0/IHOGIYHOTO IOMIKOIYKEHHS Ha M0Jajlblly po6oTy 6asku. [1j1s1 TOCATHEHHS [10CTaBIeHOi MeTH cHOPMYJILOBAHO
KOMILJIEKC 33]1a4, 10 BKJIIOYAJIM: aHaJli3 iCHyI0UMX HayKOBUX JOCJIiIPKEHb; PO3POOJIEHHS €KCIIEpUMEHTAIbHOI
YaCTHMHMU Ta NNPOBEIEHHS AOCIiIP)KEHD; YUCEIbHE MOJIETIOBAHHS METOJIOM CKIHUEHHUX €JIEMEHTIB; IOPiBHAJIBHUN
aHaJi3 pe3ysbTaTiB €KCIIEPUMEHTY i pO3paxXyHKiB. Y BCTYIIi OOIPYHTOBAHO aKTyaJIbHICTh TEMU JOCTIiIKEHHS,
BM3HAUYE€HO METY, 3a7ja4i, 00'eKT i IpeIMeT NOCJIiIKEHHs], a TAKOK HaBeJ€HO HAayKOBY HOBU3HY i IPaKTUYHE
3HQUYEHHS] OTPUMAaHMX PE3YyJIbTaTiB. Y EPUIOMY PO3/iJli IPOBEEHO OIJIsT, CYYaCHUX JOCIiI’)KEHb BiTYN3HSHUX i
3apyODKHUX aBTOPIB 1010 pOOOTH 3aJ1i300€TOHHUX €JIEMEHTIB 32 HasiBHOCTI AedeKTiB i momkomkeHs. OnucaHo

OCHOBHI [IpUYMHY BUHWKHEHHS [TOIIKOPKEeHb Y, HaBeJeHO X TUIIN, xapakTepHi o3Haku [IpoaHanizoBaHo BILINB



MIOIIKOKEeHb Ha HEeCY4Yy 3[aTHICTh i edpopMaTUBHICTh 3271i306€ TOHHUX KOHCTPYKLii, 30KpeMa PO3IJISTHYTO
0COOJIMBOCTI 3MiHM HAIPy>KeHO-1ePOPMOBAHOTO CTaHy €JIEeMEHTIB, IepepO3NOily BHYTPILIHIX 3yCUIIb Ta PO3BUTKY
nedopmaniil. Takox posIJISIHYTO METO, 1M(POBOI KopeislLii 300pakeHb Ta HaBeJeHo NPUKIaan HOoro
3aCTOCYBaHHS y CBiTOBiM IIPaKTUL. 3a pe3y/bTaTaMy aHaili3y CGOPMOBAHO KOHLEMLiIO JOCIIKEHHS, BU3HAYEHO
IIapameTpy MOUIKOPKEHHS], PiBHI HABAaHTa>XXEHHSI, CXeMY BUIIPOOYBaHb, KpUTEPIii BUUEpIIaHHS HECYYOi 3aTHOCTI. ¥
IPyromMy po3[iijii NpenCcTaBJeHo IPOrpaMy Ta METOIUKY €KCIIEPUMEHTAJIBHUX NOCTiIKEHb. [[0MKOIKEeHHS
3aJ1i306€TOHHMX 6aJI0K BUKOHYBAJIOCh IIpH piBHSX HaBaHTaxkeHHs 0; 0,3; 0,5; 0,7 Bif, pyiiHiBHOro MoMeHTYy Mult
KOHTPOJIBHOTO 3pa3Ka. [I71s peasisaliii mporpaMu BUTOTOBJEHO 16 3a71i306€ TOHHUX 6aJIOK, a TAKOX cepii 6eTOHHMX
3pas3KiB IPU3MHU, TUIIHAPY, KyOu IJ1s1 BUSHaYeHHS Pi3NKO-MeXaHIUHUX BJIACTUBOCTEM i BinibpaHo 4 3pa3ku
apMartypu 1J1s1 BABHaY€HHS MeXi MiIJHOCTi, MeXi TeKy4OCTi Ta BCTAHOBUTH BiANoBigHuil knac. JocainHi 6anku
HABaHTAXYBAJIMCh [IOETAITHO IBOMA 30CEPEIKEHUMY CUJIaMU, IPUKJIAICHUMHU B TPETUHAX NPOJIbOTY. Ilicis
IIOCSTHEHHS 33aHOTO PiBHS HaBaHTaKE€HHS MOMKOIKEHHS (POPMYBAIOCh IOETANHO 3 BUTPUMKOIO y 4aci, Micg
4oro 6aJsIku JOBOAWJINCH IO PYVHYBaHHS . Y TPETbOMY PO3iijli HaBe[leHO pe3ysbTaTy eKCIIepUMEHTAIbHUX
IocinkeHb. BcTaHOBIIEHO, 10 BUYEPIIAaHHS HECYYOi 30aTHOCTI AOCIIiHUX 3Pa3KiB BilOyBasoCs IpU JOCATHEHI
MOMEHTY TeKYy4OCTi po6040i apMaTypu Ta MpU AOCITHEHHI rpaHNYHUX Aedopmariiii CTUCHYTOi 30HU 6eToHy. [I71s
[IOIIKOKEeHUX 6a710K 3a(iKCOBAaHO PO3BUTOK TOPU3OHTAJIbHOTO BUTHHY, 11O CBiTYNUTb IIPO BUHUKHEHHS
IIPOCTOPOBOi pOOOTU €JIEMEHTa Ta BKa3ye Ha BTPATY CTiMKOCTi BHACILOK OJHOGIYHOTO NOMKOAKEHHS. Y
YETBEPTOMY PO3/ijli BAKOHAHO IIOPiBHSIHHS €KCIIEPUMEHTAIbHUX PE3YJIbTATIB 3 PO3PaXyHKOBUMU 3HAYEHHSIMU,
OTpUMaHuMU 32 JePOopMaLiiiHOI MOZesI0. [isi KOHTPOJIBHOI 6aJIKy BCTAHOBJIEHO 100PY Y3TrO/IKEHiCTh
€KCIIEPMMEHTAJIbHUX Ta TEOPETUYHUX JIaHUX 32 KJIIIOYOBUMU KpUTEPisIMU. [Jis OIKOIKEeHUX 0aIoK [I0Ka3aHO
33/10BiJIbHY 301KHICTb 110JI0 TPaHMYHOI HECY4oi 3aTHOCTI Ta Aedopmalliil 6eTOHy, OJJHAK BUSIBJIEHO CYTTEB]
PO306DKHOCTI Y BUBHAU€HHI MOMEHTIB IIPU JOCSTHEHHI TeKy4oCTi apMatypu. Ha ocHOBI aHasizy 3p0671€HO BUCHOBOK,
1110 OJIHI€I0 3 OCHOBHUX IIPUYMH TaKUX BiIXNUJIEHb € PO3BUTOK TOPU30HTAJILHOTO BUTHUHY Ta BTPATa CTIMKOCTI.
JomaTKoBO AJ1s1 JOCTiIKyBaHUX 6ajI0K OyJI0 BUKOHAHO PO3PaxXyHOK 32 KOCKMM 3ruHOM. [IpoBenieHo aHai3
HOPMAaTUBHUX JOKYMEHTIB Pi3HUX KpaiH, 30KpeMa €BPOIENChKUX, aMEPUKAHChKUX, aBCTPAJMIChKUX Ta SIITOHCHKUX
CTaHJAPTIB IPOEKTYBaHHS 3aJ1i300€TOHHUX KOHCTPYKIili. BCTaHOBJIEHO, 110 Y HOPMaTUBHUX JOKyMEHTaX HaBEJIEHO
reoMeTpUYHi OOMeKeHHs], 30KpeMa BiJHOIEHHSI BifIlCTaHi MK 3aKpiIlJIeHHSIMU [0 MIWPUHU CTUCHYTOI 30HU a60
BHCOTH Nepepi3y, 10 BU3HAYAI0Th YMOBHU 3a6€3I1€4E€HHS iX IPOCTOPOBOI CTIMKOCTI. 3alpOIIOHOBAHO BPAaxOBYBAaTU
BTpaTy CTiMKOCTi [1714 MMOMKOJKEHUX 0aJIOK HA OCHOBI 3aJIE>KHOCTI MiXK piBHEM HaBaHTa)Ke€HHS, IapaMeTpaMu
[IOIIKOKEHHSI Ta BEJINYMHOIO TOPU30HTAJIBHUX IIE€PEMIIIeHb, 2 TAKOK PO3PO06JIEHO ITPOTIO3ULLii 1070 3aCTOCYBAaHHS
TaKOro MiIXO1y IIPU OLiHIII HECYYOi 3IaTHOCTI. 3alIpOIIOHOBAHO AJITOPUTM BpPaxyBaHHS BTPATH CTiKOCTi HA OCHOBI

€KCIIEPUMEHTAJIBHUX [JaHNX 6a]IOK, IMOMKOKEHUX SK 6e3 HABAaHTA>XE€HHS, TaK i npu piSHI/IX piBHHX HAaBAHTA>KE€HHS.

2. The dissertation is devoted to investigating the load-bearing capacity of reinforced concrete beams with non-
uniform damage under loading. The relevance of this research is determined by the fact that, during long-term
service, under technological influences and exposure to aggressive environments, reinforced concrete structures
may develop local damage. The objective of the study is to determine the influence of the loading level at which
one-sided damage is formed on the subsequent behavior of a reinforced concrete beam. To achieve this objective,
a set of tasks was formulated, including the analysis of existing scientific studies, development of the experimental
program and experimental investigations, finite element numerical modeling, and comparative analysis of
experimental and analytical results. The introduction substantiates the relevance of the research topic, defines the
aim and objectives, identifies the object and subject of the study, and presents the scientific novelty and practical
significance of the obtained results. Chapter 1 reviews contemporary studies conducted by domestic and
international researchers concerning the behavior of reinforced concrete elements with defects and damage. The
main causes of damage in reinforced concrete structures are described, and their types and characteristic features
are presented. Particular attention is paid to the influence of damage on the load-bearing capacity and
deformability of reinforced concrete structures, including changes in the stress-strain state of elements,
redistribution of internal forces, and the development of deformations. Special attention is also given to the Digital
Image Correlation (DIC) method, and examples of its application in international practice are presented. Based on



the conducted analysis, the research concept was developed, and the damage parameters, loading levels, testing
scheme, and criteria for determining the exhaustion of load-bearing capacity were established. Chapter 2
describes the experimental program and research methodology. Damage to the reinforced concrete beams was
introduced at loading levels corresponding to 0, 0.3, 0.5, and 0.7 of the ultimate bending moment Mult, of the
control specimen. To implement the research program, sixteen reinforced concrete beams were fabricated. In
addition, series of concrete prisms, cylinders, and cubes were produced to determine the physical and mechanical
properties of concrete, while four reinforcing steel specimens were tested to determine the ultimate tensile
strength, yield strength, and corresponding reinforcement grade. The experimental beams were loaded
incrementally by two concentrated forces applied at the third points of the span. After reaching the prescribed
loading level, damage was introduced gradually with a specified time interval, after which the beams were loaded
to failure. Chapter 3 presents the results of the experimental investigations. It was established that the load-
bearing capacity of the specimens was exhausted upon reaching the yield moment of the tensile reinforcement
and the ultimate compressive strains of concrete. In the damaged beams, the development of lateral bending was
observed, indicating three-dimensional structural behavior and suggesting stability loss caused by one-sided
damage. Chapter 4 compares the experimental results with the calculated values obtained using the deformation-
based model. Good agreement between experimental and theoretical data was achieved for the control beam
according to the key evaluation criteria. For the damaged beams, satisfactory agreement was obtained regarding
the ultimate load-bearing capacity and concrete strains; however, significant discrepancies were identified in
determining the bending moments corresponding to reinforcement yielding. The analysis showed that one of the
principal causes of these discrepancies is the development of lateral bending and the resulting loss of stability.
Additionally, calculations considering biaxial bending were performed for the investigated beams. Design
standards from various countries, including European, American, Australian, and Japanese codes for reinforced
concrete structures, were analyzed. It was established that these standards specify geometric limitations,
particularly the ratio between the distance of lateral restraints and the width of the compression zone or the depth
of the cross-section, which determine the conditions required to ensure spatial stability. A method for accounting
for stability loss in damaged beams is proposed based on the relationship between the loading level, damage
parameters, and lateral displacements. Recommendations for implementing this approach in load-bearing capacity
assessment have been developed. Furthermore, an algorithm for considering stability loss is proposed based on
experimental data obtained from beams damaged both without load and at different loading levels.
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