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Abstract. The article reports on the developed technique for conducting the experimental
studies to determine the effect of concrete damages in compressed zone of rectangular cross-section
reinforced concrete beams on their stressed-strain state and the residual bearing capacity of inclined
sections with the formulation of studies using the mathematical method of experiment planning. In
according to the experiment planning matrix, 15 samples of reinforced concrete beams were
fabricated. The dimensions of the beams are 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, the different size of the shear span are also used. Materials for beams: concrete —
grade C25/30; working longitudinal reinforcement — @18 mm of grade A500C; constructive
longitudinal reinforcement and transverse reinforcement — @6 mm of grade A400C. To measure the
deformations of reinforcement and concrete, strain gauges with a base of 10 mm for the steel
reinforcement and 50 mm for the concrete are used. To determine the physical-mechanical
properties of materials, control samples of cubes and prisms were selected.

Keywords: reinforced concrete beams, damages in reinforced concrete, destruction, inclined
section, residual bearing capacity, deformations.

PO METOAUKY EKCHEPUMEHTAJIBHOT'O JOCTI’KEHH BIIJIUBY
IHOIKO/KEHDb HA HAIIPY>KEHO-JE®OPMOBAHUU CTAH TA 3AJIMIIKOBY
HECYUYY 3JATHICTH NHOXWUJINX ITEPEPI3IB 3AJII3OBETOHHUX BAJIOK
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AHoTamis. B paHiil crarTi  mpeacTtaBieHO  po3poOJieHYy  METOJIMKY — IMPOBEIEHHS
eKCIIepUMEHTAIbHUX JOCIIKEHb Il BU3HAYCHHS BIUIUBY MOIIKOKEHb OETOHY CTHCHYTOT 30HH B
3a11300€TOHHUX Oankax MPSMOKYTHOTO Iepepidy Ha iX HampykeHo-1eOpMOBaHUIl CTaH Ta
3aJIMIIKOBY HECy4y 3/IaTHICTh 3a MOXWIMMHU IEepepi3aMH 3 MOCTAaHOBKOIO JOCTIJIIB 3a JIOTIOMOIO0
3aCTOCYBaHHS MAaTEMaTHYHOTO METOJy IUIaHYBaHHS EKCIIEpUMEHTY. BiamoBimHo 1m0 Mmartpwmii
IUTAHYBAaHHSI €KCIIEPUMEHTY OyJIo BUIOTOBIIEHO 15 3paskiB 3ai1i300€TOHHUX OaJoOK Kiacy OETOHY
C25/30 3 posmipamu 100x200%x1200 mm Ta pobouum mporoHom 1000 mMm 13 3a3nmaneriab
3aKJIQJICHUMH PI3HUX PO3MIpiB MITYYHUMH IMOIIKOKEHHIMU CTHCHYTOI 30HH OETOHY Ta Pi3HOIO
BEJIMYUHOIO ITPOTOHY 3pi3y.

KurouoBi cioBa: 3ani300eToHHI Oaliki, MOLIKO/KEHHS 3a11300€TOHY, pyHHYBaHHS, TTOXHUIIHIA
nepepis3, 3aTMIIKOBa Hecyda 3AaTHICTh, AedopMalrii.

Bicauk Onechkoi nepkaBHOT akaaeMii OyaiBHHIITBA Ta apXiTekTypu, 2018. — Bum. Ne 71

73



74

BYAIBEJIbHI KOHCTPYKIIII

O METOJMKE OKCIHHEPUMEHTAJIBHOI'O UCCJIEJJOBAHUSA BJIIMAHUA
MOBPEXJEHUI HA HAITIPSI)KEHHO-IE®OPMUPOBAHHOE COCTOSIHUE
M OCTATOYHYIO HECYIIYIO CIOCOBHOCTHh HAKJIOHHBLIX CEYUEHUI

KEJIE3OBETOHHBIX BAJIOK

IHonsauckuii K. B., acnupanr,
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AHHOTanusi. B 1aHHON cTarhke mpeAcTaBICHO pa3pabOTaHHYIO METOAUKY IPOBEICHUS
OKCIICPUMCHTAJIbHBIX I/ICCJ'IGI[OBaHI/Iﬁ IJi1 OIMPCACIICHUA BJIMSHUA HOBpe)KILCHI/Iﬁ OeToHa CXKaTOM
30HBI B KeJIE300€TOHHBIX OaJKax MPSMOYTOJILHOTO CEYEHUS Ha X HalpsDKeHHO-1e(hOPMHPOBAHHOE
COCTOSIHUE W OCTAaTOYHYIO HECYIIYI0 CIOCOOHOCTh HAKJIOHHBIX CEYEHHH C MOCTaHOBKOMN
UCCIIC/IOBAaHUH C HWCIOJIb30BAHMEM MaTEMaTHYeCKOrOo MeETOJa IIAHMPOBAaHUS HIKCIEepUMeHTa. B
COOTBETCTBHHM C MAaTPULEH IIAHUPOBAHUS SKCIEPHUMEHTa ObUIO H3roTOBIEHO 15 00pasmoB
xKene300eToHHBIX Oanok kiacca OeroHa C25/30 ¢ pasmepamu 100%x200x1200 mm u pabounm
nposaeroM 1000 MM ¢ 3apaHee 3a710KEHHBIMU Pa3HbIX Pa3MEPOB UCKYCCTBEHHBIMU MTOBPEKICHUSIMU
CKaTo# 30HBI OETOHA M Pa3HOM BEIMYMHON MPOJIETa Cpe3a.

KnioueBble ciioBa: xene300eTOHHbIE OalkW, MOBPEXKICHUS KelIe300eTOHa, pas3pyllieHHe,
HAKJIOHHOE CEYEeHHUEe, OCTaTOYHasl HecyIas ClIOCOOHOCTS, Je(opMaliuy.

Introduction. In our country, due to the actual economic conditions, the vast amount of
concrete structures operated with considerable exploitation terms. Evaluation of residual bearing
capacity of damaged concrete elements is one of the most important issues nowadays and therefore
requires experimental and theoretical studies [1], it may help to develop a methodology for
assessment of residual bearing capacity. Development of such methods will reduce capital
investment costs of materials, deadlines and human resources during the repair and renovation of
existing buildings. The complexity of developing such methods is that the effect of the force plane
coincides with the main axis, but due to the formation of concrete damages in the compressed zone
its main axis shifted and oblique bending occurs [2].

Analysis of recent research and publications. A series of experimental studies were
conducted at the Odessa State Academy of Civil Engineering and Architecture, [3, 4, etc.]. For the
development of research program authors used mathematical experiment planning [5]. Through its
usage most relevant and accurate results with a minimum number of experimental tests are
achieved. After analyzing the literature sources [6, 7] as factors which may affect the function,
output relative shear span, depth damaging side faces beam in the compressed zone of concrete and
the angle of beam damage to the sides in the compressed area, were selected .

The purpose of the work. To develop a method of experimental study, which will help to
assess the impact of damages in reinforced concrete beams on their stress-strain state and residual
bearing capacity of inclined sections.

Main part. To determine the stress-strain state and residual bearing capacity of inclined
sections rectangular reinforced concrete beams the method of research using mathematical planning
experiment was developed at the Department of Building Structures at Odessa State Academy of
Civil Engineering and Architecture.

Single-span freely-supported concrete beams measuring 100x200x1200 mm with 1000 mm
working span were made. Materials for the production of used beams are: concrete — grade C25/30;
longitudinal working steel reinforcement — 2 bars @18 mm of grade A500C and welded on its ends
to provide anchoring reinforcing short-bars @10 mm of grade A400C, mounting longitudinal
reinforcement — 2 bars @6 mm of grade A400C, transverse reinforcement in the form of clamps —
06 mm of grade A400C with distance of 175 mm in part beams within a shear span and 100 mm in
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the rest part of the beams. Mounting hinge fittings are made of bars @3 mm of grade B500. Steel
reinforcement bars are combined in a knitted frame using knitting wire. At the ends of longitudinal
working bars reinforced short-bars to ensure reliable anchoring were welded. Scheme of reinforced
bars are shown in Fig. 1. For the measuring strain of bars within the shear span, on the surface of
transverse reinforced bars strain gauges with a base of 10 mm were glued using the two-component
adhesive glue «MitreFix». To measure the deformation of concrete beams on the surface of
concrete strain gauges with a base of 50 mm were glued using glue BF-2.

Development of methods was carried out using complex mathematical statistics methods —
experimental design. According to this 15 prototypes for the three-tier three-factorial experiment
will yield reliable results and maximum accuracy with a minimum number of performed
experiments were produced. Matrix experimental planning is shown in Table. 1.

Factors that are selected for experiment planning matrix is — relative shear span (a/d); the
depth of damage a; side faces beam in the compressed zone of concrete; injury angle S. To simulate
damage in beams liners with polystyrene plates were put in.

For determination of physical and mechanical properties of concrete 3 samples cubes
150x150x150 mm and 6 samples prisms 150x150x600 mm were made according to [8, 9] and for
determination of physical and mechanical properties of reinforcing steel bars 3 samples each
diameter rods each class were selected according to [10].

Table 1 — Matrix experimental design

IS The colgled values of The natural values of factors

= actors

[
No % . the depth of

E « « « relztglne ;/rzjear damage corne; ggronage

< ! 2 3 P az/h, mm P

m (Cv mm) (al, mm) (ﬁa )
1 b1 +1 -1 -1 3c (510) 0 (0) 0(0°)
2 b2 +1 0 3c (510) 0.25 (50) 1/3 (30°)
3 b3 +1 +1 3c (510) 0.25 (50) 2/3 (60°)
4 b4 +1 +1 -1 3c (510) 0.5 (100) 1/3 (30°%)
5 b5 +1 +1 +1 3c (510) 0.5 (100) 2/3 (60°)
6 b6 0 -1 -1 2c (340) 0 (0) 0(0°)
7 b7 0 0 2c (340) 0.25 (50) 1/3 (30°%)
8 b8 0 +1 2c (340) 0.25 (50) 2/3 (60°)
9 B9 0 +1 -1 2c (340) 0.5 (100) 1/3 (30°%)
10 510 0 +1 +1 2c (340) 0.5 (100) 2/3 (60°)
11 b1l -1 -1 -1 c (170) 0 (0) 0(0°)
12 b12 -1 0 0 c (170) 0.25 (50) 1/3 (30°)
13 b13 -1 0 +1 c (170) 0.25 (50) 2/3 (60°)
14 b14 -1 +1 -1 c (170) 0.5 (100) 1/3 (30%)
15 | B15 | -1 +1 +1 ¢ (170) 0.5 (100) 2/3 (60°)
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Fig. 1. Scheme of reinforcing bars in prototypes and glued strain gagues
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The main conclusions and recommendations for further research:

1. Accepted materials and methods meet actual building codes [8-10], which will provide
reliable experimental data.

2. The developed program of experimental studies will allow to determine the features of the
stress-strain state for damaged reinforced concrete beams and their residual bearing capacity.

3. With the data to be obtained, it is planned to make proposals for calculation of the residual
bearing capacity of inclined sections of damaged reinforced concrete beams of rectangular cross-
section.
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