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This article presents the results of an experimental study of damaged reinforced concrete beams.
Corrosion of reinforcement in concrete is one of the main problems of durability faced in practice by civil
engineers. Particular attention should be paid to the action of an aggressive environment as one of the
most common causes of the introduction of elements into an emergency. The aim of the work is to
determine the strength and deformability of reinforced concrete structures without damaging the
reinforcement and in case of damage. According to the research program 4 beams were tested. Among
them were undamaged control samples with single reinforcement of 20 mm diameter and samples
with @20 mm reinforcement with damages about 40 %. The reinforcement was damaged before
concreting the samples. The test specimens were tested for bending under short-term load. At the
result impact of damage to reinforcement in RC beams reduces the load-bearing capacity. The results
are given in the article.

Key words: reinforced concrete beams, real size, experimental researching, damaged reinforced
concrete structures, damaged reinforcement, load-bearing capacity.

Introduction

Reinforced concrete structures are among the most common all over the world (Azizov et al., 2019,
Algburi et al., 2019, Pavlikov et al., 2018, Kramarchuk et al., 2020). However, under the influence of time,
the environment, low-quality materials, their performance properties were determinate. The operation
of reinforced concrete structures of buildings and structures often takes place in an aggressive environment.
This applies to most industrial buildings, especially those with chemical production, open environments,
marine coastal structures, and so on. The action of aggressive environments causes corrosion of concrete and
reinforcement of structures. This, as a consequence, reduces their load-bearing capacity and serviceability.
The most favorable conditions for corrosion of reinforced concrete structures occur in the chemical
industry. Chemically active substances, aggressive to reinforced concrete structures, occur both directly in
the production processes and in the environment due to the failure of process equipment, harmful
emissions into the atmosphere. That is why reinforced concrete structures with damaged reinforcement
are an urgent issue. It is important to study such structures and take into account all the factors
influencing the damage to the reinforcement of these structures.

Review of scientific sources and publications

Damage to individual elements of reinforced concrete constructions is caused by various groups of
influences (Tayeh et al., 2019, Kos et al., 2019, Vavrus et al., 2019): technological factors (inaccurate
placement of reinforcement, damage to elements due to construction and installation operations and
transportation, violation of design parameters in the manufacture of reinforced concrete elements of non-
standard configuration). (changes in the stress-strain state of the element due to violation of their design
position and the calculated external influences). Particular attention should be paid to the action of an
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aggressive environment as one of the most common causes of the introduction of elements into an
emergency. Corrosion of reinforcement in concrete is one of the main problems of durability faced in
practice by civil engineers (Dmitrovic et al., 2019, Goyal et al., 2018, Vavrus et al., 2015). In (Giorgio et
al., 2019), longitudinal controlled ultrasonic waves were used to monitor ulcerative and initial defects in
steel rods in reinforced concrete structures, which mimics the phenomena of fading and delimitation
caused by corrosion. Two ultrasonic technigues (pulse and pulse-echo transmission) were used to monitor
the whole and damaged sample. The developed technique is successfully used for real-time monitoring of
reinforcement of reinforced concrete samples that undergo accelerated corrosion. Corrosion of steel in
reinforced concrete leads to several major disadvantages. First, the reduction of the transverse sectional
zone of reinforcement and its ductility leads to premature violation of elasticity. Secondly, the expansion
of corrosion products causes concrete cracking and damage to the connection between concrete and
reinforcement, as well as affects the stiffness of bent reinforced concrete elements, which reduces the
overall load-bearing capacity of reinforced concrete beams.

The current normative documents (Bambura et al., 2018, Karpiuk et al., 2020) regulate the calculation
of the bearing capacity of the damaged element by approximating its cross-section to a certain equivalent,
but it should be noted that the use of such an approach has a significant impact on the nature of the
damage. A detailed classification of possible damage to reinforced concrete elements, the reasons for
their occurrence and features of the development are given in (Cigada and Zappa, 2014, Kotesa et al.,
2015).

However, the effect of changes in the physical and mechanical characteristics of reinforcement in
reinforced concrete structures has not been sufficiently studied. That is why the topical issue is the
implementation of experimental studies of such constructions.

The aims and objectives of the study

The aim of the work is to determine the strength and deformability of reinforced concrete structures
without damaging the reinforcement and in case of damage. To determine the impact of reduce of
bearing-capacity in damaged beams.

Materials and methods

According to the research program 4 beams were tested. Among them were undamaged control
samples with single reinforcement of @20 mm diameter — BC-1 and BC-2; samples with @20 mm
reinforcement with damages about 40 % with changes in the physical and mechanical properties of
reinforcement — BD-3 and BD-4. The reinforcement was damaged before concreting the samples.

The reinforcement of samples: A500C steel bars, the diameter was @20 mm. Reinforcement of
compressed zone and transverse reinforcement are made of @5 B 500 bars. Transverse reinforcement @5
B500C has 75 mm spacing (Fig. 1).

Fig. 1. The general view of reinforcement

Experimental samples used in the research had the length of 2100 mm, 100 mm weight, and 200 mm
height. The beams™ concrete composition: C: S: R =1:1.16:2.5 with W/C=0.375. The cement used — M-500,
sand quartz without impurities with a size module My=2.00, granite rubble of fractions 5-10 mm — 66 %,
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10-20 mm - 33 %. The remarkable aspects and specifics of the reinforcement material degradation are
presented on the basis of particular samples with predetermined material properties. The samples are
thermally @ 20 mm A500C steel bars. The attention should be paid to specific non-uniform properties of
the modeled samples, described in the previous study (Blikharskyy, 2019).

The test specimens were tested for bending under short-term load. The load level was monitored by
means of annular dynamometers, which simultaneously served as a hinged support on one side and a
fixed support on the other side of the beam with a run of 1900 mm. The load was applied in the form of
two concentrated forces in the thirds of the span of the beam by means of a hydraulic jack and a
distribution traverse (Fig. 2).

Fig. 2. The graphs of the strains’ calculated values of the stretched main steel rebar’s
(stretched reinforcement) and the compressed concrete (compressed concrete) for beam BD-2

Deformations of reinforcement and compressed concrete were measured using clock-type micro
indicators with a division price of 0.001 mm. Five deflection gauges were installed on the beam to
measure the deflections.

The load was applied in stages of 5 % until the first cracks with a holding time of 15 minutes After
each condition, which mainly corresponded to a bending moment of 30 %. After that, the load was
continued in steps of 10 % for 15 minutes after each step. Exposure was performed to stabilize the plastic
deformations of concrete. For the first 10 minutes, the appearance of new cracks, the development of
previous cracks were monitored, and the width of their opening was measured using a BCH-2 microscope.
The price of the division of a microscope is 0.05 mm. On the side-free side of the beams, the cracks were
numbered in turn and their cracks were sketched, indicating the corresponding stages of loading. The next
5 minutes recorded the readings of micro indicators and deflect gauges.

Results and discussions

In the beam BC-1, according to the experimental results, the moment which corresponds to the
exp _

limit strain of the reinforcement was at Mg y

25.8 kNm, further loading was accompanied by the
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significant increase in the strain of the reinforcement and concrete. The load at which the compressed

concrete reached the limit strain was at M., = 27.2 kNm.

For the BC-2 the moment which corresponds to the limit strain of the reinforcement was at

M§X$=24.1 KNm. The load at which the compressed concrete reached the limit strain was

exp _
Mgy =26.1 KNm.

In the beam BD-3, according to the experimental results, the moment which corresponds to the

exp

limit strain of the reinforcement was at Mgy

=154 kKNm. The load at which the compressed concrete

reached the limit strain was M} =16.7 kNm.

In the beam BD-4, according to the experimental tests, the load at which the deformation of the

exp
s,y

reached the limit strain was M} =17.7 kNm.

main rebar reached the yield strength was M.\, =15.9 kNm. The load at which the compressed concrete

Table 2
Bearing capacity of beams
Moment which Deviation in Moment which Deviation
L . corresponds to the . .
Sample | corresponds to the limit the bearing o . in physical
. avarage . limit strain of the avarage .
mark strain of the capacity destruction,
. concrete,
reinforcement, KNm values, % %
kNm
BC-1 25.8 27.2
BC-2 24.1 24.95 B 26.1 26.65 B
BD-3 154 17.1
BD4 59 15.65 37.27 167 16.9 36.58

The impact of damage to reinforcement in RC beams reduces the load-bearing capacity. The
deviation between damaged and undamaged specimens of the bearing capacity for the moment which
corresponds to the limit strain of the reinforcement was 37.27 %. This value for the moment which
corresponds to the limit strain of the concrete was 36.58 %.

Conclusion

Damage to the thermally reinforced layer of reinforcement of RC beams significantly affects the
reduction of load-bearing capacity. When the reinforcement is damaged by 40 %, the bearing capacity is
reduced to 36-37 %. Therefore, these experimental studies need to be considered about the examination
of damaged reinforced concrete constructions.
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A. 3. Baixapcebkui
Harmionansauit yHiBepcutet “JIpBiBChKa MOJITEXHIKA”,
kadeapa aBTOMOOUTEHUX JIOPIT T4 MOCTIB

PO3PAXYHOK 3A JE®OPMALIITHOIO MOJEJLIIO
3AJII3OBETOHHUX KOHCTPYKIIIi 3 MOIIKOIKEHHSIMU

O Brixapcvkuii A. 3., 2020

HaBeneHno pe3ynbTaTH €KCIEPUMEHTAILHOTO JOCIHIHKEHHS MOIIKOHKEHUX 3alli300€TOHHUX OalloK.
Kopoz3is apmatypu B 6€TOHI — 0JJHa 3 OCHOBHHX MPOOJIEM JTOBrOBIYHOCTI, 3 SKOIO CTHKAIOTHCA Ha TPAKTHIII
OyniBenbHI iHkeHepH. [IOMKOMKEHHS OKPEMHX EIEMEHTIB 3a/1i300€TOHHUX KOHCTPYKILIH CIIPUYMHEHE Pi3-
HUMH TPyINaM{ BIUTHBIB. TEXHOJOTTYHUMHU (akTopamu (HETOYHE PO3MIIICHHS apMaTypH, MOMIKOIKEHHS
€JIEMEHTIB BHACIIIOK OyAiBeIbHO-MOHTa)XHUX ONepamniil Ta TPaHCIIOPTYBAHHS, IIOPYLICHHS! TPOSKTHHX TMapa-
METpIB MiJ 9ac BUTOTOBJCHHS 3aTi300CTOHHUX €JIEMEHTIB — He-CTaHIapTHAa KOHQIryparis, 3MiHH Harpy-
KEHO-1e()OPMOBAHOTO CTAaHy EJIEMEHTa BHACIHIJOK IHOPYIIEHHS IX KOHCTPYKTUBHOTO IIOJIOKEHHS Ta PO3-
PaxyHKOBHX 30BHILIHIX BIUIHBIB). OCOONMBY yBary HeoOXiTHO MPHUAIIHTH Jii arpeCHBHOTO CEpPeIOBHILA SK
OJIHI¥ 3 HAWITOIIUPEHIINX NPUINH BBEICHHS CIEMEHTIB y HETIPHUIATHI JJIs eKCIuTyartalii abo B aBapiitHOMY
CTaHi KOHCTPYKIifo. MeTolo poOOTH € BU3HAYEHHS HECY4YOl 3/IaTHOCTI 3a/i300€TOHHHUX KOHCTPYKIIH 0e3
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MOIIKO/PKEHHS Ta 3 IOIIKOJKEHHSIM pobouoi apmaTypu. BiAmoBinHO 10 mporpaMu IOCTIIKEHb BH-
npoOyBaHO YoTUPH 3ai300eToHHI 6anku po3mipom 100x200%2100 mm. Cepen HUX OyJd Ba HEMOIIKOIKCHI
KOHTPOJIbHI 3pa3KH 3 0JMHApHOI0 apMmatypoto giamerpoM 20 mm — BC-1 ta BC-2 Ta Ba 3pa3ku 3 apMaTyporo
?$20 mm i3 momkopkeHHsIME Onn3bko 40 % poGouoi apmatypu — BD-3 ta BD-4. Apmarypa Oysa norko-
JDKeHa 710 OETOHYBaHHS 3pa3KiB. 3pa3Ku BUIPOOOBYBAIM Ha 3TMH 32 KOPOTKOYACHOTO HaBaHTaxeHHs. Pi-
BEHb HAaBAHTAKEHHS KOHTPOJIOBAIM 3a JOIIOMOTOI0 KUJIBLIEBUX AMHAMOMETPIB, SIKi OJHOYACHO CIIy-
TyBaJH MAapHIPHOIO OTOPOIO 3 OJHOTO OOKY 1 HEPYXOMOIO OTIOPOFO 3 1HIIOTO OOKY 0aiku 3 mpoiasoToM 1900
MM. B pe3ynbpTari BIUIMB MOIIKO/DKEHHS apMaTypH B 3aJ1i300€TOHHNX Oajikax 3MEHIIYE 1X HeCYdy 37aTHICTb.
[omKomKEeHHST TEPMIUYHO 3MIIHEHOTO IIapy apMyBaHHS BIUIMBAIOTh HA XapakTep pyHHYBaHHs Ta 3MeH-
IMICHHS Hecy4ol 3/IaTHOCTI, OCKIJbKM B POOOUiii apMarypi 3MiHIOIOThCS (i3MKO-MEXaHIUHI Xapakre-
PHUCTHKH.

Kiro4oBi cjoBa: 3a/1i300eToHHI 027K, HATYPHOro po3Mipy 3pa3kKH, eKclepUMEHTANbHI A0CTiA-
JKeHH$l, MOLIKO/KEeHHsI po0040i apMaTypH, Hecy4a 3JaTHICTb.



