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Abstract. The article reports on the results of the experimental studies to determine the
effect of concrete damages in compressed zone of rectangular cross-section reinforced concrete
beams on their residual bearing capacity of inclined sections. The special experimental installation
and hydraulic jack-screw were used for the tests. According to the experimental plan, 16 single-
span freely supported experimental samples of reinforced concrete beams were tested. All examples
had own number from B0 to 515 (example B0 was the twin of example B1). The acted load on the
samples was applied as a concentrated force and was added in uniform steps with an exposure in
10-15 minutes. The dimensions of the beams were 100x200x1200 mm and the working span is
1000 mm. In the beams the artificial damages of the compressed zone of concrete are laid in
advance in different sizes with different angles relative to the edge of the beam, and the different
size of the shear span ¢ (1d, 2d, and 3d) are also used. Materials used for beams are: concrete —
grade C25/30; working longitudinal reinforcement — @ 18 mm of grade A500C; constructive
longitudinal reinforcement and transverse reinforcement in the form of vertical links — @ 6 mm of
grade A240C. According to actual codes the physical-mechanical properties materials were
determined on the control samples — cubes, prisms and rebars. All samples were destroyed along an
inclined section. It has been established that an increase in the shear span (from 1d to 3d) leads
significantly to a decrease in the carrying capacity (especially from 1d to 2d). As well, within the
shear span, the appearance of damage and an increase in their size results in a decrease in the
carrying capacity of the samples. The experimental data obtained will be used in the development of
a method for determining the residual bearing capacity of inclined sections.

Keywords: experimental investigations, reinforced concrete beams, damages in reinforced
concrete, destruction, inclined section, shear span, residual bearing capacity.

Introduction. In the current economic conditions, the vast amount of concrete structures
operate with a considerable period of life in our country. Unfortunately, during its operation
concrete structures, definitely undergo deterioration and/or damages, cracking, corrosion of
reinforcement, concrete corrosion, mechanical damages (such as chipped concrete), etc. [1]. The
existing national building codes [2, 3] there are no instructions or guidance on determining residual
bearing capacity of damaged concrete structures that’s why important theoretical and experimental
research and development of methods for its determination are raised.

Analysis of recent research and publications. At the Odessa State Academy of Civil
Engineering and Architecture the residual bearing capacity of concrete elements was studied by
Klimenko Ye. V. and his students [4-6 and others] and the results of these studies suggested a
number of methods to determine residual bearing capacity of damaged concrete columns, beams for
normal sections, etc., but studies of residual bearing capacity of damaged beams inclined sections in
the compressed area are not carried out and there is no available scientific information in sources.

The aim of the work. To give results of experimental studies of residual bearing capacity of
inclined sections damaged area in compressed reinforced concrete beams.

Research Methodology. Experimental research of reinforced concrete test samples was made
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on a special installation and hydraulic jacks. Beams are designed in such a way that the destruction
occurred on inclined sections. Loading was put in uniform degrees, 10-15 minutes of exposure to a
concentrated force within a given span of cut. Indications made at the beginning and end of each
level loads.

The main part. At the Department of Building Structures at the Odessa State Academy of
Construction and Architecture experimental studies were conducted to determine the residual
bearing capacity of inclined rectangular sections of reinforced concrete beams with damaged pre-
compressed zones.

16 one-span reinforced concrete beams in sizes 100%200%1200 mm with working span 1000 mm
were tested. For a sample with a code b1 twin sample with a code B0 was manufactured and tested.
For control samples concrete cubes and prisms according to [7, 8] were identified concrete grade
used for samples — C25/30; control samples for reinforcing bars according to [9] used was
determined longitudinal working rebars — @ 18 mm of grade A500C, mounting longitudinal and
transverse reinforcement in the form of vertical links - @ 6 mm of grade A240C. Sectional beams
with dimensions of damages and values of shear span on codes samples are shown in the table. 1.

The tests of beams were made on the universal power plant using hydraulic jacks J7-50.
Research beams tempted as one-span free supported beams exposed to bend under concentrated load.
Jack Z1-50 forms a concentrated force that is controlled by a special pressure gauge of pump station
jack and passed on prototypes of reinforced concrete beams. Installation scheme shown in Fig. 1.

According to destruction criterion of beams one of the criteria was made: significant
deformation of concrete and rebar, the excessive width of opening cracks, excessive beam
deflection and a significant decline and subsequent inability to maintain pressure gauge needle
shows. All prototypes were destroyed on an inclined section. Results recorded breaking stress are
given in Table. 2. Breaking load and lateral force in the experimental samples are shown in Fig. 2.

According to the experimental data it can be seen that increasing the span cut ¢ (from 1d to
3d) leads to reducing the bearing capacity in the samples, as the authors confirm [10-12]. Also, the
data show relative decrease in residual bearing capacity of the formation within each cut and
increase of damage volume. The data reveal addiction, providing the opportunity to develop
proposals for the calculation of damaged beams.

Table 1 — Sectional beams with dimensions of damages and values of shear span
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Fig. 1. Installation scheme:
a — front view; 6 — side view;
1 —support; 2 — steel box; 3 — steel bar; 4 — distribution plate; 5 — distribution cross-arm; 6 —screw;
7 — experimental sample; 8 — distribution liner; 9 — jack DG-50; 10 — jumper; 11 —support;
12 — support; 13 — pumping station; 14 — pressure gauge
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Table 2 — Maximum fixed loads and transverse forces in experimental samples

Beam Beam Beam
designation Fu, kN | Vi, 1N designation Fu, iN'| Vi, kN designation Fu, N | Vi, kN
1 2 3 4 5 6 7 8
b0,b1 | 12162 5959 B6 133,28 | 87,96 b1l 158,27 | 131,36
52 116,62 | 57,14 b7 99,96 | 65,97 512 149,94 | 124,45
B3 98,29 | 4816 B8 93,296 | 61,58 B13 139,944 1 116,15
b4 96,63 | 47,35 B9 73,304 | 4838 b14 124,95 | 103,71
B5 49,9 | 2449 10 | 96,644 | 3739 B15 106,624 | gg5
140.00
131.36
VH,KH 124.45
120.00 116.15
103.71
100.00
87.96 88.50
80.00
65.97
0.0 5959 5959 .. 61.58
48.16 47.35 48.38
40.00 37.39
24.49
20.00
0.00
B0 b1l b2 B9 B10 b12 b13 b14 B15
Fig. 2. Ultimate transverse forces Vu in experimental samples 50-b15
Key findings:

1. Experimental study of determining the residual bearing capacity of inclined sections for
damaged reinforced concrete beams of rectangular section and the data breaking stress in samples.

2. The results of experimental studies have found that within a span of cut formation damages
and increase their volume decrease resulting samples bearing capacity and increase a span of cut ¢
(from 1d to 3d) leads to a reduction of the carrying capacity (especially 1d to 2d).

3. Operating with received data we are planning to submit proposals regarding the calculation
of residual bearing capacity of damaged reinforced concrete beams inclined sections of rectangular

section.
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ITPO PE3YJIbTATH EKCIIEPUMEHTAJIBHOI'O JOCJIIIOKEHHSA
3AJIMIIKOBOI HECYYOI 3JIATHOCTI HOXWJINX ITEPEPI3IB
INOIKO/XKEHUX 3AJII3BOBETOHHHUX BAJIOK
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AHoTamifa. VY cCTarTi MNpeAcTaBlieHl pe3yJlbTaTH IPOBEIEHUX EKCIHEPUMEHTAIbHUX
JIOCIIJKEHb 110 BU3HAYEHHIO BIUIMBY MOIIKOJKEHb CTUCHYTOI 30HM OETOHY Ha 3aJHUILKOBY HeCydy
3IATHICTh TIOXMJIMX TIEpepi3iB 3ai300eTOHHUX OaloK MpSIMOKyTHOTro mepepidy. s mpoBemeHHs
eKCIIepUMEHTy OyJla BHUKOpPUCTAaHA YHIBepcaJlbHa CHJIOBA YCTAHOBKAa 1 TiJpaBIiuHUI JOMKpar.
BinnoBigHO 10 IIaHy €KCIEpUMEHTY, Oylo BUIPOOYyBaHO 16 OJHOIPOrOHOBUX BUIBHO ONEPTHX
eKCIIepUMEHTANbHUX 3pa3KiB-Oasok. Bei 3pasku manu cBiif mmdp Bix B0 mo B15 (3pazox b0
nBiiHUK 3paska bl). HaBaHTakeHHd Ha 3pa3Ku MpHKIanaiocs Yy BUIVIAI 30CEPEIKEHOI CHIM 1
J071aBajiocss PIBHOMIPHUMM CTyMeHsAMU 3 ButpuMkoro B 10-15 xBunmH. Posmipu Oarnok
100%200%1200 mm 3 BenmuuHOWO pobdodoro mnporony 1000 mm. ¥ Oankax momnepenHbo 3aKiIajcHi
IITY4YH] TOIIKOPKEHHSI CTHUCHYTOI 30HM O€TOHY pPI3HMX pO3MIpIB 3 PI3HUM KyTOM IOJAO TpaHi
0aJIKu, a TAaKOX BUKOPUCTOBYIOTHCS P13HI BEJTMYHHH BITHOCHOTO MPOiboTy 3pi3y (Id, 2d, i 3d). Ans
6asok Oynu BUKOpUCTaHi Marepianu: 6eToH — kiacy C25/30, poGoya mo3ioBxHs apmarypa — O 18
kiacy A5S00C, KOHCTpYKTHBHA MO3/I0BXKHS 1 IIOTIEpeYHa apMaTypa y BUIJIsIII XOMYTIB — O 6 Kjacy
A240C. ®i3uko-MexaHiuHi BIACTUBOCTI MarepiajiiB OyJlu BU3HAYEHI 32 JIOMOMOTOI0 KOHTPOJIBHUX
3pa3kiB — KyOiB, IPU3M 1 apMaTypHUX CTEP>KHIB 3TIHO A1I0YUX HOPMATHUBHUX BUMOT. Bcei 3pazku
3pyHHYBaJIKCh MO MOXHJIOMY Iepepi3i. BcraHOBIEHO, 110 301IBIIEHHS BIIHOCHOTO MPOJIBOTY 3pi3y
(ix 1d mo 3d) mpu3BOAMTH 0 CYTTEBOTO 3MEHIICHHS Hecydoi 31aTHOCTI (ocobumBo Bin 1d mo 2d).
Takox B Mexax BITHOCHOT'O HPOJILOTY 3pPi3y YTBOPEHHS MOILIKO/KEHb 1 30UIBIICHHS iX 00’eMy
NpPU3BOAUTH JIO 3MEHIIEHHS Hecydoi 3JaTHocTi  3pa3kiB. OTpumaHi B  pe3yibTaTi

Bicauk Onecrkoi AepkaBHOI akaneMii OymiBHHUIITBA Ta apXiTekTypH, 2019. — Bum. Ne 75



BYIIBEJIbHI KOHCTPYKIIII

eKCIIEpUMEHTAIbHUAX JIOCHI/DKEHb JaHi OyAyTh BHUKOPUCTAaHI MpH po3poOIli METOAMKH TIO
BH3HAYEHHIO 3QJIUIIIKOBOI HECYYO0i 3IaTHOCTI TOXWINX TIEpEepi3iB.

KuarouoBi cioBa: excriepuMeHTaNbHI JOCITIKEHHS, 3a1i300€TOHHI OajKu, MOUIKOIKEHHS
3aI11300€TOHY, pyHHYBaHHS, TOXWIUH TIepepi3, 3AIMIIKOBA HECYYa 3/IaTHICTb, IMTPOTIH 3pi3y.
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AHHoOTanusi. B crathe mpencTaBlIeHBl PE3yNbTAThl TMPOBEACHHBIX ASKCIEPHUMEHTAIBHBIX
UCCIIEIOBAaHUI MO OINpPENeJICHUIO BIUSHUS MOBPEKICHUM C)KaToil 30HBI O€TOHA Ha OCTATOYHYIO
HECYIIYI0 CIOCOOHOCTh HAKJIOHHBIX CEUCHHH JKEJIe300€TOHHBIX 0alloOK MPSMOYTOJIILHOTO CEYCHHSI.
Jlis mpoBeleHHsl SKCIIEpUMEHTa ObUla HMCIHOJIb30BaHA YHHUBEpCallbHAs CHIIOBAs YCTaHOBKAa U
THJIPABIMYECKUN JTOMKpaT. B COOTBETCTBMHM C IIaHOM SKCIIEPUMEHTa, OBUIO HUCHBITaHO 16
OJTHOTIPOJIETHBIX CBOOOJHO OMEPTHIX IKCIIEPUMEHTATIBHBIX 00pa3ioB-0anok. Bee oOpasisl umenu
ceoii mmpp or BO mo BI5 (obpaseny BO nBoitHmk oOpasma bl). Harpyska Ha oOpasisl
MIPUKJIA/IbIBAIACh B BHUJIE COCPEIOTOYCHHON CHUJIbI M MpHOaBIsiIach PaBHOMEPHBIMU CTYIECHSIMH C
BbIIepKKoi B 10-15 munyT. Pasmepst 6amok 100%200x1200 MM ¢ BenMuuMHON pabodero mposera
1000 mM. B Oankax mnpeaBapUTEIbHO 3aJI0KEHBI MCKYCCTBEHHbBIE MOBPEXKICHUS CXKATOM 30HBI
0eToHa pa3HBIX Pa3MEPOB C PAa3HBIM YIJIOM OTHOCHUTEIBHO IpaHU Oallkd, a TAKXKe HCIIOJIb3YIOTCS
pasHble BEIMYMHBI OTHOCUTENILHOTO mpoJiera cpesa (1d, 2d, u 3d). s 6anok ObUIM HCIIOIh30BAHBI
Matepuansl: 0etoH — kiacca C25/30, pabodas mpomonpHas apmatypa — @ 18 kmacca AS00C,
KOHCTPYKTMBHAsl IIPOJIOJIbHAs W IOIEpedHas apmarypa B BuAe XoMyToB — @ 6 kiacca A240C.
@Ou3NKO-MEXaHNYECKNE CBOWCTBA MAaTEpUANOB OBUIM ONPEACTCHBI C IMOMOIIBIO KOHTPOJBHBIX
o0pa3oB — KyOOB, MPH3M M apMaTypHBIX CTEpXKHEH COTJacHO JEHCTBYIOIIMX HOPMATHBHBIX
TpeOoBanuii. Bce o00pasupl pa3pylimiuch IO HAaKIOHHOMY CEUYEHHIO. Y CTAaHOBJIEHO, 4YTO
yBEJIMYEHHE OTHOCUTEIbHOTO mpoisiera cpe3a (ot 1d mo 3d) mpUBOAMT K CYIIECTBEHHOMY
YMEHBIIEHNI0 Hecyied crmocoonoctn (ocobenno ot 1d mo 2d). Tak »xe B mpeaenax
OTHOCHUTENILHOTO TIpoJieTa cpe3a o0pa3oBaHUE TMOBPEXKACHU U YBEIHMUYEHUE UX 00beMa MPUBOIUT K
YMEHBIICHUIO HeCyIIel crnocoOHoCTH 00pasnoB. [lomydeHHbIe B pe3yabTaTe IKCIEPUMEHTATBHBIX
UCCIIEIOBAaHUM JlaHHBIE OYIyT HCHONB30BaHbI MPHU pa3pabOTKe METOIUKH [0 OIpeAeTIeHHI0
OCTaTOYHOM HeCyIIel CIOCOOHOCTH HAKJIOHHBIX CEUCHUM.

KiroueBble cjioBa: OSKCIIEpUMEHTANbHBIE HCCIEIOBaHUS, >KeIe300€TOHHbIE  OanKu,
MOBPEXJCHHUS  JKEIEe300€TOHA, pa3pylleHHe, HAKIOHHOE CEYeHHe, OCTAaTOYHAs Hecymas
CIOCOOHOCTB, MPOJIET cpe3a.
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