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Jlo6omanos M.M. MinHicTe Ta neOpMaTUBHICTh 3rHHAHUX 3a1300€TOHHUX
€JIEMEHTIB 3 TIOIIKO/HKEHHAM OCTOHY 3a /i1 HaBaHTa)keHHsI. — KBaidikariiiHa HaykoBa
mpars Ha TIpaBax PYKOIIHCY.

Hucepraltiss Ha 3100yTTS HAyKOBOTO CTYIEHS JIOKTopa ¢igocodii 3a
cnemianbHicTIO 192 — OymiBHUOTBO Ta UMBUIbHA iHKeHepis. [amy3i 3HaHb
19 — apxitektypa Ta OymiBHMOTBO — HarionanpHUI yHiBepcuteT «JIbBIBChKA
noJiiTexHika» MiHicTepcTBa OCBITH 1 HAyKu YKpainu, JIbBiB, 2021.

JucepTartiiitHa poO60Ta IpUCBSIYECHA BUPIIICHHIO 3aBJAaHHS TOCI1KEHHS BILUIUBY
MOIIKOJ/KEHHsI OE€TOHY CTHCHYTOI 30HHM, OTPUMAHOTO 3a Jii HAaBaHTAKEHHA, Ha
MIIHICTh Ta 1€(QOPMATUBHICTh 3TMHAHKUX 3aJ1300€TOHHUX €JIeMEHTaX MPSIMOKYTHOIO
nepepizy.

B po3nini 1 npoBeaeHo aHamiz JOCHIKEHb 3 JaHOI TEMAaTUKH, BUKOHAHUX Ha
TepuTopii YKpainnm Ta 3akopAoHOM. OmnucaHO NPUYMHU BUHUKHEHHS Ta THITH
MOIIKO/P)KEHb 3aJ11300€TOHHUX KOHCTPYKLIA B LUJIOMY Ta 13 AaKUEHTyalll€l0 Ha
MOIIKO/KEHH1 OeToHy. Haifuacrime NpUYMHOIO TOIIKO/KEHbh OETOHY € BILIUB
arpecuBHOrO cepeaoBuia. [1omkoKeHHS KOHCTPYKIIIT MPU 1[bOMY BiI0YBarOTHCS 3a
Nii HaBaHTaXEHHS PI3HOI IHTEHCHUBHOCTI — TMOYMHAIOYHW BIiJl BIUIMBY BJIACHOI Baru
KOHCTPYKIIiH, Ta 3 I0JaBaHHSAM TE€XHOJIOTTYHOTO OOJIaAHAHHS, PYXOMUX MEXaHI3MIB,
aTMoc(epHHMX BIUIMBIB (CHIr, BiTep), Toilo. [lis HaBaHTaXKEHHS BUKIIUKAE TMOSBY
TPIIMH B  3alli300€TOHHUX KOHCTPYKIISAX, IO TPU3BOJUTH JI0 3POCTaHHS
nedopmaruBHocTi. HasiBHI Hanpy»xeHHs Ta nedopmaliii B OETOHI 1 apMaTypl €JIEMEHTIB
MPUIIBUANIYIOTH TIONIMPEHHS TMOIIKO/KeHb. B TakoMy BHUIAIKy € HEOOXIIHICTH
MIJCUJICHHS Ta BIIHOBIICHHS €KCIUTyaTaIlliHOT MPUIATHOCTI UX KOHCTPYKIi. [Tpu
BUOOpPI Ta NPUUHATTI €(PEKTUBHOTO METOJY MIJICUIICHHS BaXKJIMBO BOJIOAITH MOBHOIO
iH(pOopMaIli€ro Mpo Hampy)eHo-nehopMoBaHUH CTaH 3a/11300€TOHHIUX KOHCTPYKIIIHM Ta
BILJTUB HAssBHUX ITOIIKOJKEHb.

Ha miacrasi ornisiny niTepaTypHHX JKEpeN cpopMyIbOBaHO 3aaui JOCT1KEHb.



B po3aiji 2 nogano nporpaMmy Ta METOJUKY €KCIIEPUMEHTATbHUX JTOCHIIKEHb.

BukoHano MareMaTH4He MOJICIIOBAHHS BIUIMBY MOIIKO/IKEHb B CTUCHYTIH 30H1
B 3TMHAHUX 3aJ11300€TOHHUX €JIEMEHTaX TUITY MPSAMOKYTHOI Oasiku. [lopiBHSIHO BIUIUB
Ha HECy4y 37aTHICTb JBOX (PAKTOpPiB: PIBHA HABAHTAXKEHHS 1 BTPATH 3aXUCHOTO MIapy
B CTUCHYTIH 30H1 OETOHHY, a TAKOXX PO3IJISTHYTO BIUIMB iX oJfHOYacHOi aii. [IpoBeaeHo
7IBa BapiaHTa MOJICTIIOBAHHS Il BUSHAYEHHS (aKkTopy, [0 Ma€ MPIOPUTETHUH BIUIKB
Ha HECyuy 3JaTHICTb enemeHTa. [lepmmii BapiaHT mpu3HAUYCHUU Uil (POPMYBaHHS
MaTpHIIl 3aJIKHOCTI BILUIMBY (haKTOPIB HA HECYUy 37aTHICTh €JIEMEHTA 3 MOJAJIbIIIUM
BU3HAYEHHSI KOE(II[IEHTIB BIUIMBY 1 (pOpMyBaHHsI pIBHSHHS perpecii. AHaII3yHO4H
piBHSIHHS OyJ0 OTpMMAaHO 3HAa4YeHHs BIUTUBY (DaKTOPIB 1 iX B3a€MOJli Ha HECydy
3JIaTHICTh eJeMeHTa. J{pyruil BapiaHT - MOJIETIIOBAHHS €KCIIEPUMEHTY B IPOTPAMHOMY
komruiekci Femap NX Nastran. [Ipu ananizi oTpuManux gaHux Oyio cpOpMOBaHO
MaKCHUMAJIbHI CyMapHI MEpEeMIIIEHHS MOJENI, 3 MOJAJbIIUM aHaIi30M IUX JaHUX.
3anmi300eToHH1 Oalk¥, TMOMIKOJKEHI 03 TOYaTKOBOIO PIBHS HaBaHTaXKCHHS,
JIeMOHCTpYyBanu aedopmatiitHicTs y 1,48 pa3u OuTblTy, HXK KOHTPOJIbHI. 3pa3KH, sKi
OTpUMAaJIU MO10H1 MOMIKOKEHHS ITPH PiBHI HaBaHTaxkeHH4 0,3 BiJ HECy4Oi 34aTHOCTI
KOHTPOJBHOTO B3ipIis, MOKa3adu MeHImi npupict nedopmarii (B 1,18 pasm), HiX
KOHTPOJIBHI 6asika. Mo>kKHA BUIIIJTUTH OCHOBHUM (DaKTOPOM PiBEHb HABAHTAXKEHHS JJIs
3TUHAHHUX 3113006 TOHHUX OaJKax MpH MOIIKO/KEHHI B CTUCHYTIH 30Hi1 (pu BTpaTi
3axucHOro Mmapy). OTpuUMaHHI pe3ylbTaTH MiATBEP/DKYIOTh aKTyallbHICTh 1
JOIIBHICTh B IPOBEACHH1 €KCIIEPUMEHTIB 3 METOI0 BU3HAUYEHHS 3aJIUIIIKOBOI HECYUOl
3JIaTHOCTI TIOMIKOIKEHUX 3113006 TOHHUX €JIEMEHTIB.

JUis  BUKOHaHHS JOCHIIKEHb OyJ0 BHUIOTOBJICHO 3ai300€TOHHI OajKku
po3Mmipamu 1001002100 mm, OetonHi npusmu po3mipamu 150x150x600 mwm,
6etonH1 kyou 150x150x150 mMm, 6eTonHi numiHapu aiamerpom 100 mm 1 BucoTtoro 200
MM. J[1 BU3HaUYeHHS (PI3UKO-MEXaHIYHUX XapaKTEPUCTHK apMaTypH BUIIPOOYBAHO T10
3-1 3pa3Ku JUIsl KOKHOTO JIlaMeTpy apMaTypH, BiIiIOpaHuX 3 Ti€l 3K MapTii HOCTABKHU.

3amizo00eToHH1 Oajaku BUIPOOOBYBAHO MUISIXOM BHKOHAHHS MOETAITHOTO

HAaBaHTAKCHHS ABOMA 30CCPCIKCHHMMH CHJIaMH B TPETHUHAX IIPOJIBOTY. 3 METOoI10



BUMIpIOBaHHA nedopmariiii OeToOHy Ta apMaTypd BHUKOPHUCTOBYBAJIHM I1HAMKATOPH
TOJMHHUKOBOTO THUITY, IS IPOTHUHIB — IPOTHHOMipU AiCTOBA.

3ami300eToHHI OanKy MOJIIEHO Ha ABI cepii. 1-1mma cepis JOCHIIHHMX 3pa3KiB
apmoBaHa po6o4oro apmatyporo 2014A500C, Toxi sk 2-ra cepist Oyia BUTOTOBJICHO 3
poGounm apmyBaHHsM Yy Burisal 2012A500C. Vci iHm mapaMeTpu JOCHITHUX
3pa3KiB 1ICHTHYHI.

[TomkompkeHHs BUKOHYBalu mpHu piBHAX HaBaHTaxkeHHs 0.3; 0.5 Ta 0.7 Bix
Mui®® (e My™*P — 3ruHaIBbHHE MOMEHT, IIPH SIKOMY BiI0OYyJIOCS BUYEPIIaHHSA HECYUYOl
3MATHOCTI 3aJ1i300€TOHHMX OaJOK BHACHIJOK TEKy4OoCTi pobOouoi apmarypu).
Jlocnigauit 3pa30K HaBaHTAXYBaJIH 3T1IHO PO3POOJICHOI METOAUKY, 1 IPU JTOCSITHEHHI
BIJITOBITHOTO PIBHSI HABAHTAXKEHHA 31MCHEHO MOILIKO/HKEHHS CTUCHYTOTO OETOHY B
IEHTpabHOMY TIepepisi. ['eoMeTpudHi po3Mipu momKoKeHHS cTaHOBUIH 20%30 MM
a60 80x30 MM (e 20 MM 1 80 MM HIMpPHUHA MOIIKOKEHb, 30 MM TJTMOWHA OMIKOIKECHb,
i Ha BClo mupuHy Oanku). [TOMIKO/PKEHHS BUKOHYBaJIM IOCTAIHO, 13 KPOKOM
3pocTaHHsl TAMOMHU nowkomkeHHss 10 mm. Ilicmga nporo Oanku MpoOIOBKYBAIH
MOETAIHO HAaBAaHTAXYyBaTH, aX /10 BUUEPIaHHS HECYYOi 3/IaTHOCTI, 32 METOJUKOIO SIK
0 BUKOHAaHHA TMOIIKO/UKEHHS. BuOpaHi BapiaHTH MIMPUHU TMOUIKOIKECHHS,
00yMOBJIEHO AOCII/PKEHHSM BIUIMBY PO3MOAUIEHOTO Ta TOYKOBOTO MOIIKOIKEHHS
OCTOHY B CTHUCHYTIA 30HI Ha HECy4dy 3JaTHICTh Ta JAePOPMATUBHICTH 3THHAHUX
3a11300€TOHHUX €JIEMEHTIB.

B po3nini 3 HaBeneHo oTpuMaHi pe3yiabTaTH MIITHOCTI Ta JaeOpMaTHUBHOCTI
3aI11300€TOHHUX 0aJIoK.

@i3uyHe pPYWHYBAHHS KOHTPOJBHMX OajloK 13 poOOY0OI0 apMaTyporo
2(14A500C BinOyBamoch B MOMEHT JIOCSATHEHHSI TEKY4OCTI B PO3TATHYTIN apMaTypi
Ta pO3JIpOOJIECHHS CTUCHYTO1 30HU OeTOoHY. PyliHyBaHHS AoChiqHUX 3pa3KiB 1-1 cepii 13
nomkoKeHHsaM BukoHanuM mipu 0, 0.7 My™® posmipamu 20x30 mm ta mipu 0.5 M ™®
po3mipamu 80X30 MM, BiZOYII0Ch 3a PaXyHOK PO3APOOJICHHS CTUCHYTOI 30HU OETOHY.
Takuii TUN (QI3UUHOrO pyHHYBaHHS 3al1300€TOHHUX 3pa3kiB 2-i cepii OyJo

3a(hiKCOBAHO MICIIA MPOBEIECHOTO €KCIEPUMEHTY, OKPIM 3pa3KiB MOIIKOHKEHUX TPH

0.5, 0.7 Myi™®.



[Ipupict mporuHiB 3ai300€TOHHUX OanoK (A0 MOIIKOIKEHHS) BiAOyIOCs
aHAJIOT1YHO SIK 1 A7l KOHTPOJbHUX Oanok. [IpoTe mix yac MOMmKOHKEHHS CTUCHYTOTO
0eTOHY, MPU CTAJOMY HABAHTAXKEHHI, POTUHU 3POCTAIN IHTEHCUBHIIIIE Ta 3 TAKOIO XK
JAMHAMIKOIO 3pOCTaNIH MPH MOAATBIIOMY HaBaHTAKEHH1 3pa3Ka.

AHani3 pe3ysibTaTiB €KCIEPUMEHTAILHUX BUIIPOOYBaHb IMOKAa3aB, 110 Hecyda
3IATHICTh 3alli300€TOHHUX OajOK 3 TMOMIKOKEHOIO 30HOI CTHUCHYTOTO OETOHY
3MEHIIY€ETHCS B IOPIBHSHI 3 KOHTPOJIbHUMHU 3pa3kaMu. 3HIKEHHS HECY4Oi 31aTHOCTI
3a11300eTOHHUX Oajok 1- cepli B TOPIBHAHHI 3 3pa3kaMH, IO OTPHUMAIH
MOIIKO/UKEHHS 0€3 HaBaHTa)KeHHs cTaHoBMIIO 22.89%. B Toii yac, sIK MOMIKOIKEHHS
BUKOHAaHE 3a Jii HaBaHTaXEHHsS B 3amizo0eTroHHMX Oankax 1-i  cepii,
IPOJIEMOHCTPYBAJIM 3HWIKEHHS Hecydoi 3maTHocti Ha 17.57...23.61% BimHOCHO
KOHTPOJIBHUX 3pa3KiB. BIuMB BapiroBaHHS MIMPUHU MOMIKOKEHHS B CTUCHYTIN 30H1
O0eTOHYy Ha HeCyuy 3JaTHICTh HE CYTTEBUM, OCKIJIbKU BiH HE nepeBuiye 1%.

Pesynbrat BuUnpoOOBYBaHHs 3pa3kiB 2-i cepli, MNOWKOMKEHUX 0€3
HABAaHTA)XCHHS, TOKa3aJly 3HIDKEHHS Hecydoi 3maTHocti Ha 6.13...16.77% B
MOPIBHSHHI 3 KOHTPOJIbHUMH 3pa3kamu Tiei >k cepil. I[lomkomkenus 3a mii
HaBaHTaXCHHS 3aJ11300€TOHHUX 0ajiok 2- 1 cepii (3 pobouoro apmaTtyporo D12A500C)
IIPU3BEIIO JI0 3HUKEHHS HECYUO1 371aTHOCTI Ha 6.14...23.32% BITHOCHO KOHTPOJBHUX.
B 2-i cepii mnomkomkeHHsT BUKOHAaHHI po3mipamMu 80x30MM MpoAEeMOHCTPYBAIH
IpUPICT Hecy4oi 31aTHOCTI B miama3zoHi 12.8...15.91% BigHOCHO 3ai300€TOHHUX
3pa3KiB 3 MOMIKOMKEHHsAMH po3mipamu 20x30MM, a Takox Oyino 3adiKCOBaHO
3aJIeKHICTh B1Jl PIBHA HaBaHTAXKEHHSI, PU IKOMY BUKOHYBAJIOCh MOIITKOKEHHS.

3MiHa MIMPUHHU MOMIKOIKEHHS CTUCHYTOI 30HM (3 20 MM 10 80 MM) BIUIMBA€E Ha
3aJIUIIKOBY HECYYY 3/1aTHICTh 3a11300€TOHHUX OaJIOK KOKHOT cepli 1o pizHOMY.

B po3nini 4 3anponoHoBaHO METOJIUKY PO3PaxXyHKY 3ajli300€TOHHUX OaJIOK 3
MOIIKO/PKEHHSM CTUCHYTOTO OETOHY B IIEHTPAJILHOMY Tepepi3i 3a /il HaBaHTaKCHHS
Ha 0a3i nedopmariifHoi Mojeni, 3TiIHO Jitfounx HopM. Ha mepriomy erarii BU3Ha4€HO
napaMeTpu HarpyXKeHo-/1e(OpMOBaHOTO CTaHy 3a11300€TOHHUX 0aJIOK /10 31MCHEHHS
MOMIKO/KeHHA. Ha apyroMmy erami po3paxyHKy BHU3HA4Y€HO MapaMeTpu i3

BpaxyBaHHSIM 3MIHM T'E€OMETPUYHUX XapaKTePUCTUK BHACIIIOK OTPUMAHOIO



MOIIKO/DKEHHSA 1 10 BUYeprnaHHs Hecydoi 3matHocTi. [ocmiani 3paszkm 1-i cepii
MIPOJIEMOHCTPYBAJIM BiIXUJICHHS HECYUOi 3JaTHOCTI EKCTICPUMEHTAIILHUX PE3yJIbTATIB
BIIHOCHO TeopeTnuHux B Mexax 4.03...10.57%. banku 2-i cepii 13 poOoyOI0
apmatyporo 20012A500C moka3anu BIOXWJICHHS HECYy4oi 3JaTHOCTI BHW3HAYEHOL
EKCIICPUMEHTAJIbHUM Ta TEOPETUYHUM IUIIXOM B Mexkax -1.73...15.37% B cTropoHy
3aBUIICHHS €KCIIEPUMEHTATBHUX JaHUX. MakcuMaabHe BITXWICHHS TCOPETHYHOTO Ta
EKCIIEPUMEHTAJILHOTO 3HaYeHb HECYUOi 3aTHOCTI 0ajok 2-1 cepii, sIK1 MOIIKOKEH1 710
N1 HaBaHTaXeHHS 13 po3mipaMu nomkopkeHHs 80x30 MM, cranoBwito 15.37%. I
EKCIIEpUMEHTHU He TiepeBUIIIIM BiaxuiaeHHs 10.62%.

AHaJi3 OTpUMaHUX TEOPETUYHUX Ta EKCIIEPUMEHTAIILHUX PE3yJIbTaTIB MTOKA3aB,
10 3alpONOHOBaHA METOAMKA PO3paxyHKy IOKa3ajga 3aJ0BUIbHY 301KHICTh
oTpuMaHux pe3yibpTaTiB. [0 103BOJNSIE BUKOPUCTOBYBATU JaHY METOJUKY
TEOPETUYHOTO PO3PaxXyHKy [iJii BU3HAUCHHS HANpy>KeHb B OETOHI Ta poOouiil
apMmaTypi, 1 IPOTMHU B 3aJII300€TOHHUX e€JeMEHTaX NPSIMOKYTHOIO Tepepidy 3
MOIIKOJ/KEHHSIM CTUCHYTOTO OE€TOHY 3a JIii HABaHTaXCHHS B IIECHTPAILHOMY Mepepisi.

KarouoBi cioBa: 3ami300eToHHa 0anika, 3TMHAHHI 3aj11300€TOHHI CJIEMCHTH,
MOIIKOJKEHHSI OETOHY, CTHCHYTa 30Ha O€TOHYy, 3a Jli HaBaHTa)KEHHS, Hecyua

3/1aTHICTb, MILIHICTh, HOPMaJIbHI Niepepi3u, aedopmarii.
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The dissertation is devoted to solve the problem of the influence of concrete
damage in the compressed zone, receiving under load, on strength and deformability

of the bending reinforced concrete elements of rectangular section.

Section 1 is analysed researching on this topic conducted in Ukraine and abroad.
The causes and types of reinforced concrete structures damage generally and with an
accentuation on concrete damage are described. The most common cause of concrete
damage is the impact of an aggressive environment. Construction damage occurs under
a load of different intensities - starting from the structure’s own weight influence, and
with the addition of technological equipment, movable mechanisms, environmental
impact (snow, wind), etc. The load action causes cracks in the reinforced concrete
structures, which leads to an increase in deformability. Existing stresses and strains in
the concrete and reinforcement elements accelerate the spread of damage. In this case,
there is a need for strengthening or restoring the serviceability of these structures.
When choosing and adopting an effective method of reinforcement, it is important to
have complete information about the stress-strain state of reinforced concrete structures
and the impact of existing damage.

Based on a review of literature sources, research objectives are formulated.

Section 2 is presented the program and methods of experimental research.

Theoretical researching of the influence of damage in the compressed area in
bending reinforced concrete elements is presented. The main attention is paid to the
comparison of the impacting two factors on the bearing capacity: level of loading and
the loss of the cover in the compressed area. In the first step, carried the formation of
a matrix of the depending impact of each factor on the bearing capacity with the
subsequent determination of coefficient of influence and the formation of the
regression equation. Analysing the regression equation, obtained results of the impact
of factors, and their interaction, on the bearing capacity of the element. Second step is
modelling experiment, using software “Femap with NX Nastran”. Thereafter, there
was created a table of the distribution factors and their combinations with the
indications of their impact on the carrying capacity of the model. It is possible to



concluding, that the main factor is the initial level of loading, when the bending
reinforced concrete beams received damages. Tested beams were damaged without an
initial load level showed a deformability of 1.48 times greater than the regular.
Samples, what received a similar damage at a load level of 0.3 from the bearing
capacity of the regular, showed a smaller increase of deformability (1.18 times) than
regular beam. The obtained results show the relevance and expediency of conducting
experiments with the aim of determination of the residual bearing capacity in damaged
reinforced concrete elements.

To perform the research, reinforced concrete beams with dimensions of
100x100x2100 mm, concrete prisms with dimensions of 150x150x600 mm, concrete
cubes of 150x150x150 mm, concrete cylinders with a diameter of 100 mm and a height
of 200 mm were made. To determine the physical and mechanical characteristics of the
reinforcement, 3 samples were tested for each diameter of the rebar, which is taken
from the same batch.

Reinforced concrete beams were tested by performing a phased load with two
concentrated forces in thirds of the span. In order to measure the deformations of
concrete and reinforcement, clock-type indicators were used, for deflections - an
Aistov deflection indicators.

Reinforced concrete beams are divided into two series. The 1st series of samples
Is reinforced with working rebars 2014A500C, while the 2nd series is made with
working reinforcement in the form of 2012A500C. All other parameters of the samples
are identical.

Damage was performed at load levels of 0.3; 0.5 and 0.7 from My&® (where
My is the bending moment at which the bearing capacity of reinforced concrete
beams was exhausted due to the yield of the working reinforcement). The samples were
loaded according to the developed method, and when the appropriate load level was
reached, the compressed concrete in the central section was damaged. The geometric
dimensions of the damage were 20x30 mm or 8030 mm (where 20 mm and 80 mm
width of the damage, 30 mm depth of damage, and the entire width of the beam). The

damage was performed in stages, with a step of increasing the depth of 10 mm. After



that, the beams continued to be gradually loaded, until the load-bearing capacity was
exhausted, according to the method, which used before damaging. The selected
variants of damage width are conditioned by the study of the influence of distributed
and pointed damage to concrete in the compressed zone on the bearing capacity and
deformability of bending reinforced concrete elements.

Section 3 is described the results of the researching strength and deformability
of reinforced concrete beams.

Physical destruction of control beams with working reinforcement 2(014A500C
was occurring at the moment of achieving yielding in the stretched reinforcement and
crushing compressed zone of concrete. Typical destruction of samples with damage
that have been performed without load and under initial load in the 1st series is crushing
compressed zone of concrete. In the 2nd series, for control and damaged samples with
and without load, typical fracture is the crushing compressed concrete zone too, except
for samples damaged at

Increasing deflections of reinforced concrete beams (before damage) occurred
in the same way as for control beams. However, during the damage of compressed
concrete, under constant loading, the deflections increased more intensively and with
the same dynamics increased with further loading of the sample.

Analysis of the results of experimental tests showed that the load-bearing
capacity of reinforced concrete beams with a damaged area of compressed concrete is
reduced compared to control samples. The decrease in the bearing capacity of
reinforced concrete beams of the 1st series in comparison with the samples that
received damage without load was 22.89%. While the damage was performed under
the action of load in reinforced concrete beams of the 1st series, showed a decrease in
bearing capacity by 17.57... 23.61% relative to control samples. The effect of varying
the width of the damage in the compressed zone of concrete on the load-bearing
capacity is not significant, because it does not exceed 1%.

The results of testing the samples of the 2nd series, damaged without load,
showed a decrease in bearing capacity by 6.13... 16.77% compared with control

samples of the same series. Damage due to the load of reinforced concrete beams of



the 2nd series (with working reinforcement @12A500C) led to a decrease in bearing
capacity by 6.14... 23.32% relative to the control.

In the 2nd series of damage, the 80x30mm performance showed an increase in
bearing capacity in the range of 12.8 ... 15.91% relative to reinforced concrete samples
with 20x30mm damage, and was recorded dependence of the applied load level at
which the damage was performed.

Changing the width of the damage to the compressed zone (from 20 mm to 80
mm) affects the residual load-bearing capacity of reinforced concrete beams of each
series in different ways.

Section 4 is proposed a method for calculating reinforced concrete beams with
damage of the compressed concrete in the central section under the action of load on
the basis of the deformation model, according to current rules. At the first stage, the
parameters of the stress-strain state of reinforced concrete beams before damage are
determined. At the second stage of calculation the parameters are determined taking
into account the change of geometrical characteristics due to the received damage and
until the bearing capacity is exhausted. The experimental samples of the 1st series
showed the deviation of the bearing capacity of the experimental results relative to the
theoretical ones in the range of 4.03 ... 10.57%. Beams of the 2nd series with working
rebars 2012A500C showed the deviation of the bearing capacity determined
experimentally and theoretically in the range of -1.73 ... 15.37% in the direction of
overestimation of the experimental data. The maximum deviation of the theoretical and
experimental values of the bearing capacity of the beams of the 2nd series, which are
damaged by the load with a damage size of 80x30 mm, was 15.37%. Other experiments
did not exceed the deviation of 10.62%.

Analysis of the obtained theoretical and experimental results showed that the
proposed calculation method showed satisfactory convergence of the results. That
allows you to use this method of theoretical calculation to determine the stresses in
concrete and working reinforcement, deflections in reinforced concrete elements of

rectangular cross section with damaged compressed concrete under the action of load.
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