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ABSTRACT

The analysis of methods of strengthening reinforced concrete structures showed, that strengthen structures
that work for bending can be both a way of increasing the cross-section, and a way to change the calculation
scheme of the work of structure. To date, the effect of low-cycle loads of high levels on the work of strengthened
bending reinforced concrete elements is not fully investigated. Research in this area is relevant and necessary
for modern construction. The use of modern carbon-plastic materials and steel-fiber reinforced concrete is an
effective way to strengthen bending reinforced concrete elements.
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INTRODUCTION

During the operation of constructions, buildings and
structures, as a result of the influence of various fac-
tors, indicators of the technical condition, which
causes the need for reinforcement, is reduced. It may
also occur due to the end of the project term of its
operation, changes in the calculation scheme of an
element, due to damage and operation in a disabling
or emergency condition, errors in designing, erection,
use of substandard materials, and poor performance of
works, negative effects of the environment, etc.

The most common defects that arise during the ex-
ploitation of reinforced concrete structures are the fol-
lowing: excessive structural deformations, excessive
crack widths in stretched zones of structures, destruc-
tion of the protective layer with the buckling of the
fittings and the coating of the last corrosion, violation
of the solidity of the structures (shells, chipping, holes,

stratification, etc.), wetting and icing of the surfaces
of structures, salting and flaking surfaces of concrete
structure.

Strengthening of reinforced concrete structures is
carried out only when all other possibilities of ensur-
ing their reliable exploitation are exhausted. Namely:
reduction of technological load, introduction of tem-
porary unloading supports during mounting and dis-
mantling equipment, simultaneous loading of tem-
porary loads of large areas of overlaps of multistory
buildings, reduction of vibration levels, etc.

MATERIAL AND METHODS

The analysis of methods of strengthening of reinforced
concrete structures showed that reinforce structures
that work on bending is possible by the way of increas-
ing the cross-section and the way of change the design
scheme of the construction.
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Their works have been devoted to the study of
strengthening bending reinforced concrete elements:
B.A. Ashimov, A.B. Barashikov, Y.M. Blali, Z.Y. Bli-
harsky, O.P. Borisyuk, B.A.Boyarchuk, O.I. Valo-
voy, 1.O. Valovoy, A.P. Vasilev, O.V. Wojcechowski,
E.O. Grinevich, S.S. Davydov, V.S. Dovbenko, I.V. Za-
dorozhnikova, A. Kasasbeh, V.G. Kvasha, O.P. Konon-
chuk, M.I Kisilier, M.D. Klimpush, O.P. Krichevsky,
S.0. Krichevsky, A.l. Malganov, I.V. Melnik, S.V. Mel-
nik, L.A.Murashko, A.Y. Murin, S.M. Novikova,
F.N. Rabinovich, Y.V. Rimar, A.K. Saleh, M.Y. Smoly-
aninov, S.D. Semenyuk, O.P. Sunak, P.O. Sunak,
G.K. Haydukov, O.L. Shagin and others.

Valovoy (2009) investigated the effect of low-cycle
repeated loads on the crack resistance and deformability
of reinforced concrete beams amplified in a compressed
zone by a layer of concrete. The author concludes that
repeated low-cycle loads of high levels can lead to
excess crack widths and deflections of corresponding
permissible values set by normative documents.

Smolyaninov (2007) conducted a study of strength
improvement and crack resistance of reinforced con-
crete beams of rectangular and tambourine sections,
reinforced with acrylic polymer solution by the action
of short-term static and frequently repeated loads.

Dovbenko (2015) completed the study of the
work of reinforced concrete beams reinforced with
a polymeric composition “Silur” with repeated low-
-cycle loads. The performed studies have shown that
the polymer composition increases the strength, crack
resistance and stiffness of reinforced concrete beams
at single load and in repeated low-cyclic loads. The
increase of bearing capacity of reinforced concrete
beams, by the polymer composition, was 10%.

Melnyk, Dobriansky and Murin (2005), Klimpush
and Kvasha (2007), and Kvasha (2008) conducted ex-
perimental and theoretical studies of the stress—strain
state, strength, crack resistance and deformation of re-
inforced concrete beams reinforced by carbon-plastic
composites at static and frequently repeated loads.

Kisilier (1977) presented the study of bending re-
inforced concrete elements, with sheet reinforcement
glued by epoxy glue in the stretched zone (Fig. 1).
Three schemes of destruction of glued beams were
revealed: the separation of the protective layer of con-
crete in the stretched zone, biasing on glue connection,
the flow of the external stretched armature.
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The calculation scheme of the normal section of
reinforced concrete bending element reinforced
with glued strips

Fig.1.

Boyarchuk (2003) carried out experimental
research of bending reinforced concrete elements
reinforced by the expansion of the stretched zone
by layers of steel fiber reinforced concrete, polymer
concrete and heavy concrete The author proposes the
development of methods for calculating reinforced
concrete bending elements reinforced by the extension
of the stretched zone with different materials in
normal sections.

Semenyuk (2007) investigated the effectiveness of
strengthening the compressed zone of bending rein-
forced concrete elements under the influence of low-
-cycle loads. The author concluded that the use of steel
fiber reinforced concrete as an alternative material
for strengthening the compressed zone of reinforced
concrete beams is a promising direction in connec-
tion with its advantages compared to traditional fine-
-grained concrete.

Barashikov and Zadorozhnikova (2005) proposed
a method for calculating the reinforced concrete ele-
ments according to the deformation model. As the cal-
culation is proposed to take a section, the deformation
of which is equal to the average deformation in the
area between cracks. Simplified concrete deformation
diagrams have been used.

Steel fiber reinforced concrete, fine-grained con-
crete and 3% wires fiber from waste ropes of the brand
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LK-0.6x19 were used to reinforce beams in work of
Zadorozhnikova (2006). According to the results ob-
tained after the experiment, the bearing capacity of all
reinforced experimental samples increased to 1.1-1.3
times. The greatest growth of bearing capacity, within
the limits of 24-26%, was found in beams reinforced
with a layer of polymer concrete, and the least increase
in bearing capacity — 13—17% when it reinforced with
reinforced fine-grained concrete. The condition of the
strength of a complex normal section with reinforce-
ment of steel fiber reinforced concrete in a compressed
zone is written as follows:

M<Rb bx [h—0.5x] + RSFB 6 d b [hy + 0.55].

Rimar (2010) explored reinforced concrete beams
to reinforce and reinforce by increasing intersection
fittings under load in a stretched zone. The effect of re-
inforce is the higher when there are the less stress is in
the working armature at the moment of amplification.

Quite interesting is the study of French and Tuni-
sian scientists Ben Mekki and Siegert (2012), who de-
veloped a rational design of the span structure of small
bridges using modern high-performance materials. In
developing the design of bridges with a span of 10.5 m
were used wooden beams with plates coated with steel
fiber reinforced concretes in a stretched zone, and re-
inforced by carbon drawers in the stretched zone. As
the results of experimental studies have shown, the
design has confirmed sufficient resistance to static
and repeated loads. As a result of the test, the limit-
ing vibration parameters for SLS are set. The authors
created light span structures of small bridges, which
can be erected without the use of heavy construction
equipment.

Experiments of the strengthening of reinforced con-
crete structures that have been conducted in Europe,
are summarised in the fib Bulletin 14 (International
Federation for Structural Concrete [fib], 2001). This
document contains basic requirements, provisions for
the design, calculation and reinforcement work. On
the basis of different fibers: carbon, aramid and glass,
the report shows graphs of deformation of composites,
as well as reliability ratios for these materials.

Shylin, Pshenichny and Kartuzov (2007) devel-
oped recommendations for the strengthening of rein-
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forced concrete structures with composite materials.
They described the bases of designing and technology
of external strengthening of reinforced concrete con-
structions by modern composite materials based on
carbon, aramid and fiber glass. Here are the main pro-
visions for the design of reinforced concrete structures
in the first and the second group of boundary states.
The technology of strengthening by composite materi-
als of the new generation is presented. The questions
of quality of performed works, requirements to raw
materials and conditions of work on strengthening,
and also requirements on obligatory monitoring of
the reinforced construction are considered. The expe-
rience of JSC ,,Triada-Holding” of strengthening has
been analysed.

Melnyk, Dobriansky and Murin (2005) conducted
a theoretical and experimental study of the influence
of strengthening parameters on the strength, deform-
ability and crack resistance of the beam elements. The
optimum percentage of strengthening of reinforced
concrete beams reinforced by external composite fit-
ting was searched.

The peculiarity of the proposed theory is the
reduction of the number of external composite fit-
ting by strength, deformability and cross-sectional
area to the corresponding amount of internal steel
fittings:
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Borisyuk (2012) improved the method of calcula-
tion of bearing capacity of normal sections of bend-
ing reinforced concrete elements, reinforced by com-
posite materials for the effects on them of single and
low cycle loads in which an adapted calculation of the
required cross-sectional area of the external compos-
ite armature of reinforcement was developed com-
plying with the requirements of the standards DBN
V.2.6.-98:2009 and DSTU B.V.2.6-156:2010 (State
Enterprise Ukrainian Scientific Research and Training
Center for Standardization, Certification and Quality
Problems [SE UkrNDNC], 2011a, 2011b). It is poss-
ible to calculate the cross-sectional area of the reduced
working armature in the case of short-term re-load,
then the formulas have the form:
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RESULTS

Borisyuk (2012) and Ziatiuk (2016) described the
experimental research of the amplification layers of
reinforced concrete beams with glued composites in
the form of carbon fibers in the stretched zone, and
steel fiber concrete in the compressed zone. You can
confirm about the effectiveness of this simultaneous
amplification of compressed and stretched zones by
increasing the bearing capacity of the experimental
beams (Fig. 2).

For such a cross-section, the equilibrium condition
has the form:

Mgy < Mgy =My + My + M

Sy = Sy ¥ Spay = S

where:

My Mgy, M)+ My, — calculated values relevant

external bending moment, moment of internal efforts,
efforts in compressed concrete and armature at the
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CONCLUSIONS

The analysis of methods of strengthening reinforced
concrete structures showed, that strengthen struc-
tures that work for bending can be both a way of
increasing the cross-section, and a way to change the
calculation scheme of the work of structure. To date,
the effect of low-cycle loads of high levels on the
work of strengthened bending reinforced concrete
elements is not fully investigated. Research in this
area is relevant and necessary for modern construc-
tion. The use of modern carbon-plastic materials
and steel-fiber reinforced concrete is an effective
way to strengthen bending reinforced concrete ele-
ments. The development of such a method to enhance
and improve the algorithm of calculation is very
relevant, whereas comparing theoretical research with
the results of the experiment will prove the reliability
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Fig.2. Stress—strain state of the rectangular section with strengthening
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of the theoretical conclusions and prerequisites that
were laid down in their basis, as well as talk about
their application in practice.
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SKUTECZNE SPOSOBY WZMOCNIENIA GIECIA ELEMENTOW ZELBETOWYCH

STRESZCZENIE

Analiza metod wzmacniania konstrukcji zelbetowych wykazata, ze wzmacnianie konstrukcji pracujacych
na zginanie moze by¢ sposobem zaréwno na zwigkszenie przekroju, jak i zmian¢ schematu obliczeniowego
pracy konstrukcji. Do tej pory wplyw obciazen niskocyklowych o wysokich poziomach na prace wzmocnio-
nego zginania elementéw zelbetowych nie zostat w pelni zbadany. Badania w tej dziedzinie sg istotne i nie-
zbedne dla nowoczesnego budownictwa. Zastosowanie nowoczesnych materiatdéw weglowo-plastikowych
oraz betonu zbrojonego widknem stalowym to skuteczny sposob na wzmocnienie zginanych elementéw

zelbetowych.

Stowa kluczowe: wzmocnienie, obcigzenie, belka, beton zbrojony widknem stalowym, kompozyty
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