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Abstract. The article presents a methodology for
conducting experimental studies of reinforcing
reinforced concrete beams using prestressed
reinforcing ropes. The developed methodology is
based on the principle of reinforcing elements,
which allows increasing their bearing capacity and
crack resistance without the need for dismantling or
significant intervention in the existing structure.

The main attention is paid to the technical
aspects of implementing prestressing ropes, in
particular, methods of their fastening, tension
parameters, and methods of controlling the stressed
state. The work presents the sequence of conducting
the experiment, which includes the manufacture of
a series of test specimens, their loading schemes,
methods of measuring deformations and fixing the
development of cracks.

At this stage of the study, the development,
manufacture, and installation of a test rig designed
to simulate the operation of reinforced reinforced
concrete elements under various loading conditions
were carried out. The created experimental base
provides the possibility of further conducting a
series of tests aimed at qualitative and quantitative
assessment of the influence of prestressed ropes on
the stressed-deformed state of beams and
determining the effectiveness of the proposed
reinforcement technology. The results obtained in
the future will become the basis for the formation of
practical recommendations and improvement of
calculation methods for reinforced concrete
structures.

The main goal of this work is to promote the
development and implementation of this
technology. The research is aimed at improving the
methodology for strengthening reinforced concrete
structures and creating scientific prerequisites for
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INTRODUCTION

In the conditions of modern reconstruction
and technical renewal of Ukraine, the problem
of restoration and strengthening of existing
reinforced concrete structures that have
partially or completely lost their operational
characteristics is of particular relevance. Many
structures erected in the second half of the 20th
century today do not meet modern requirements
for strength, rigidity and crack resistance.
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The reasons for this are the natural aging of
materials, corrosion of  reinforcement,
prolonged action of loads, as well as the
influence of an aggressive environment. An
additional factor that significantly complicated
the situation was the destruction and damage of
objects as a result of military operations, which
creates an urgent need to implement quick and
reliable solutions for their restoration and
strengthening without complete dismantling.

Traditional strengthening methods, such as
increasing the cross-section or installing steel
plates, have significant disadvantages: they
increase the mass of the element, complicate
installation, and often require the cessation of
operation of the structure. In this context, a
promising direction is the use of prestressed
ropes, which allow increasing the bearing
capacity and crack resistance of reinforced
concrete  elements  without  significant
intervention in their design. Such a method
allows redistributing internal forces, reducing
deformations, limiting the opening of cracks,
and ensuring an increase in the service life of
elements that have lost part of their bearing
capacity.

At the same time, in Ukraine, relatively few
studies have been carried out in the field of
strengthening reinforced concrete structures
using prestressing [1...13]. However, this
technology is quite widespread in foreign
practice [14...21]. Some works are devoted to
general issues of prestressing in  new
construction or analysis of the operation of
elements with composite reinforcement, but
experimental studies of reinforcement with
cables remain limited. The lack of systematized
methods and scientifically based
recommendations in this area necessitates the
creation of our own experimental base and
adaptation of world experience to Ukrainian
conditions.

Thus, this work is aimed not only at
improving modern design solutions, but also at
scientifically substantiating and developing a
methodology for experimental research of the
processes of strengthening reinforced concrete
elements using prestressed cables. The
proposed methodology is universal and can be
used both in the design of new structures and
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during the reconstruction or restoration of
buildings with reduced load-bearing capacity or
in a state of emergency.

An important direction of development of
strengthening technologies in Ukraine is the
systematic updating and harmonization of
national regulatory documents [21...24] with
modern European standards [25]. Such
consistency of the regulatory framework will
not only ensure compliance with international
requirements, but also create the prerequisites
for more effective implementation of
innovative methods of strengthening existing
structures, in particular with the use of pre-
stressed ropes. Thanks to this, it will be possible
to implement advanced technologies for
restoration and reconstruction of building
elements in accordance with modern safety and
reliability standards.

MAIN IDEA

The main concept of the study involves
combining traditional internal reinforcement
with external post-tensioning of cables, which
allows to significantly increase the bearing
capacity of reinforced concrete beams, reduce
deflections and limit the development of cracks
without significant intervention in the structural
system. This approach ensures the compatible
operation of materials in tension and
compression zones and contributes to a more
uniform redistribution of bending moments in
the middle of the spans. The main scientific and
practical idea is to assess the effectiveness of
reinforcement for both simple single-span
beams and more complex double-span
structures, where the interaction of spans and
the redistribution of internal forces play a
significant role.

The experimental program involves testing
two series of beams, each of which includes
both control specimens without reinforcement
and specimens with prestressed cables. Series |
consists of single-span beams, which allows us
to study the behavior of the elements under pure
bending conditions. Series Il includes double-
span beams, which allows us to evaluate the
effectiveness of reinforcement under conditions
of redistribution of bending moments between
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spans and more complex interaction of
materials.

The beams are made of concrete of class
C20/25, which is traditionally used in the
performance of works on strengthening and
repairing existing structures, and are reinforced
with @10 A500C to ensure the compatibility of
materials in the tension and compression zones.
External prestressed cables ©@15.7 mm were
fixed in anchor devices and tensioned to the
design force determined on the basis of
analytical calculations and in accordance with
international design practice.

The reinforcement schemes of the beams of
the first and second series are shown in Fig. 3—
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6. In the event of changes in loading conditions,
deviations in the strength of materials, or the
need to increase the accuracy of the
comparative analysis of structures, the
reinforcement scheme of the beams in the
second series can be modified to ensure the
reliability and representativeness of the
experimental results.

The test scheme for single-span and double-
span beams is shown in Fig. 1 and 2. The beams
will be loaded using a hydraulic jack connected
to a single working circuit with an oil station.
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Fig. 1 Schematic diagram of the pure bending test of single-span beams of series 1
Puc. 1 IlpuHumnoBa cxema BUNPOOYBAaHHS OJHONPONITHUX Oallok cepii | Ha YMCTHil 3TUH
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Fig. 2 Schematic diagram of the pure bending test of two-span beams of series 2
Puc. 2 IlpuHnumnoBa cxema BUNPOOYBAaHHS ABOOIPOITHUX OallOK cepii 2 Ha YUCTHA 3TUH

The loading process will be carried out in
stages with a uniform increase in the load, while
the indicators of all measuring devices will be
constantly recorded for further analysis. This
approach ensures accurate recording of the
moments of formation of the first cracks, their
propagation and interaction with the internal
reinforcement, and also makes it possible to
assess the influence of external reinforcement
on
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the change in the stress-strain state.
Additionally, the experimental scheme involves
measuring deflections at key points of the span,
controlling the width and development of
cracks, as well as recording stresses in the ropes
and internal reinforcement using sensors, which
ensures high accuracy and representativeness of
the obtained data.
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Fig. 3 Schematic diagram of reinforcement of single-span beams B-1.1 series 1
Puc. 3 [IpuHiunoBa cxema apMyBaHHs oqHONpoItiTHUX Oanok b-1.1 cepii 1
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Fig. 4 Schematic diagram of reinforcement of reinforced single-span beams B-1.2 series 1
Puc. 4 [IpuHiunoBa cxema apMyBaHHS HiACHICHUX OAHONPOIITHUX Oanok b-1.2 cepii 1
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Fig. 5 Schematic diagram of reinforcement of double-span beams B-2.1 series 2
Puc. 5 [IpuHiunoBa cxema apMyBaHHs JBONPOJIITHUX Oanok b-2.1 cepii 2
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Fig. 6 Schematic diagram of reinforcement of reinforced double-span beams B-2.2 series 2
Puc. 6 [Ipunnunosa cxema apMyBaHHS HiJICHIICHUX IBONPOIITHUX Oanok b-2.2 cepii 2

Table 1. Volumes and characteristics of the samples studied
Taou. 1. O0csaru Ta XapaKTEpPUCTHKA TOCITITHUX 3pa3KiB

Marking

Series Amount Test scheme Notes
beams
_,: T Single-span beams without
B-1.1 2 L:: ==—| reinforcement see Fig. 7
X v Single-span beams with rope

1 B-1.2 2 e

| reinforcement see Fig. 8

A v Reinforced single-span beams B-1.1
B-1.3 2 % /*E with ropes after testing
B-2.1 5 ‘ 5 5 i 5 ! Double-span beams without
' = = = reinforcement see Fig. 9
F , ) Double-span beams with rope
2 B-2.2 2 R BT = R reinforcement
see Fig. 10
B-23 2 — $ i e Reinforced double-span beams B-2.1
' = B ~ with ropes after testing
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Series | — single-span beams without
reinforcement and with reinforcement

Series | includes single-span beams, which
are made in two versions: control specimens
without reinforcement (see Fig. 7) and
specimens with prestressed cables (see Fig. 8).
This structure of the series allows to evaluate
the effectiveness of reinforcement under simple
conditions of pure bending and to form a basis
for comparison with more complex structures.

Beam dimensions: 300x150(h)x2200 mm

Tasks of Series I:
e To record the relationship between the

e To determine the moment of formation of

the first cracks and to trace the patterns of their
propagation under the action of the load.
To assess the stiffness and bearing
capacity of beams without reinforcement and
with reinforcement, which makes it possible to
compare the effectiveness of the applied
technology.

e To conduct a detailed analysis of the
stress-strain state and the interaction of internal
reinforcement and external ropes in reinforced
samples.

applied load, deflections and crack
development.
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Fig. 7 Test scheme for single-span beam B-1.1 series 1
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Fig. 8 Test scheme for reinforced single-span beam B-1.2 series 1
Puc. 8 Cxema BunpoOyBaHHS miACHICHOT oAHONPOiTHOT Oanku Bb-1.2 cepii 1

Series Il — double-span beams without
reinforcement and with reinforcement

46

Series Il involves testing two-span beams,
which are also made in two versions: control
specimens (see Fig. 9) and specimens with
prestressed cables (see Fig. 10). The study of
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two-span beams allows us to study the e To determine changes in the stress-
redistribution of bending moments between strain state and load-bearing capacity of
the spans and the interaction of materials in double-span beams compared to control
more complex structures, close to real samples.
operating conditions. e To obtain data for comparing the
Beam dimensions: 300x150(h)x4100 mm effectiveness of reinforcement of single-span
(two spans of 1900 mm) and double-span beams, which is important for
the  development of  methodological
Tasks of Series I recommendations for the reconstruction of
e To investigate the effect of external existing buildings.

reinforcement on the development of cracks,
deflections and redistribution of bending

moments between spans.
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Fig. 9 Test scheme for a double-span beam B-2.1 series 2
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Fig. 10. Test scheme for reinforced double-span beam B-2.2 series 2
Puc. 10. Cxema BunpoOyBaHHS TiACHIICHOT ABOMIPOIITHOI O6anku b-2.2 cepii 2
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PREPARATORY STAGE

The preparatory stage of the experimental
study involves a complex of works on the
manufacture of samples, installation of the
reinforcement system and arrangement of the
test rig. At this stage, the pouring of reinforced
concrete beams, installation of anchor devices,
fastening of pre-stressed ropes and preparation
of control and measuring equipment for
recording deflections, cracks and stresses in
materials were carried out.

Fig. 11 Formwork and reinforcement arrangement

before pouring experimental beams.
Photo by: V.Vynokur

Puc. 11 BrnamryBanHA OmamyOKd Ta apMyBaHHS
CKCIICPUMCHTAJIHUX

nepen  3aIMBKOIO
banok. Atop oto: B. Bunokyp

For the reinforced specimens, external
prestressed cables @15.7 mm were used, fixed
in anchor devices (see Fig. 13) with collets

Fig. 13 Rope anchor. Photo by: VV.Vynokur
Puc. 13 AHKep KpinsieHHS KaHATY.
Astop doto: B.Bunokyp

Also at this stage, a test rig was assembled
(see Fig. 15), which includes mechanisms for
applying concentrated forces at points of
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For series | and series Il, the beams were
made of concrete of class C20/25 with internal
reinforcement @10 AS00C. During the pouring
process, special attention was paid to
controlling the geometric  dimensions,

verticality of the reinforcing frame and
uniformity of concrete compaction, which
ensured the accuracy of the formation of
structures and minimization of internal defects.
The manufacturing process Fig. 11-12.

Fig. 12 Single-span experimental beams.

Photo by: V.Vynokur

Puc. 12 OnHONPOMITHI €KCTIEpUMEHTAIBHI OQJTKH

Astop doto: B.Bunokyp

(see Fig. 14), which ensure reliable force
transmission to the beam.

Fig. 14 Collet. Photo by: V.Vynokur
Puc. 14 Ianra. Asrop ¢oto: B.BuHokyp

maximum bending moment and a system for
measuring deflections and cracks. The rig
allows for precise loading and control over the
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experimental parameters, which is critically
important for the representativeness of the
results.

In addition, a specialized station was used
to tension the ropes, ensuring accurate

Fig. 15 Series 1 test rig. Photo by: V. Vynokur
Puc. 15 BunpoOyBansHa ycraHoBka 1 cepii.
AsTop ¢oTo: B.BuHOKYD

The main measuring devices during the
experiment are clock-type deflection indicators
(see Fig. 17), which ensure accurate fixation of
vertical displacements of beams at key points of
the span.

In addition, to determine local stresses and
deformations of the material in the zone of

ISSN 2522-4182

application and control of the calculated
prestressing force. The configuration and main
components of this station are shown in Fig.
16.

Fig. 16 Rope tensioning station. Photo by:

V.Vynokur

Puc. 16 Cranmis 11 HaTSTy KaHATIB.

Astop doto: B. Bunokyp

possible crack formation, clock-type strain
indicators were used (see Fig. 18), which allow
monitoring changes in the stress-strain state of
reinforced concrete in real time. This makes it
possible to more accurately assess the behavior
of the material in critical zones and establish the
stages of crack development.

Fig. 17 Deflection indicator. Photo by: V Vynokur.

Puc. 17 [mguxaTop nmporuHiB. ABTOp ¢oTO:
B. Bunokyp

ByniBenbHi kKoHCTpyKUii. Teopis i npakTuka * 17/2025

Fig. 18. Strain indicator. Photo by: V.Vynokur
Puc. 18. Ingukatop aedopmariii. ABTop ¢oTo:

B.Bunoxkyp
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Also used were strain measurement
indicators of the type of extensometers (see Fig.
19), which provide high accuracy in
determining the elongations or contractions of
test specimens during loading. Extensometers
allow direct recording of the change in the
length of elements in the zone of greatest
stresses, which allows for a detailed analysis of
the distribution of deformations and an
assessment of the effectiveness of structural
reinforcement. The use of such devices is an
important component of experimental studies,
since they ensure the reliability of the data

Fig. 19 Extensometer. Photo by: V.Vynokur
Puc. 19 Ekcrenzomerp.
Astop ¢oto: B. BuHokyp

The AID-4 device was installed on the
reinforcing bars in key areas of the span where
maximum tensile deformations are expected.

CONCLUSIONS

The article presents a methodology for
experimental research into the reinforcement of
reinforced concrete beams using prestressed
cables. The main objective of the research is to
study the effectiveness of reinforcement, which
allows to increase the bearing capacity, limit the
development of cracks and reduce the
deflections of such structures.

At the first stage of the research, beams of
the first series will be tested. This series serves
as a basis for the formation of initial

50

obtained on the stress-strain state of reinforced
concrete elements.

To accurately determine the deformations in
the internal reinforcement of reinforced
concrete beams, the AlD-4 device was used in
the experiment (see Fig. 20). AID-4 is an
automatic electronic strain gauge that operates
on the basis of the strain gauge method,
registering changes in the electrical resistance
of strain gauges glued directly to the reinforcing
bars.

WHANKATOD

o

1
Fig. 19 AID-4 device (Automatic electronic strain

gauge). Photo by: V.Vynokur

Puc. 19 Ipunag AN/I-4 (ABTOMaTHYHHIA

CNIEKTPOHHUI BUMIipIOBaY Jiedopmartiii).
Astop ¢oto: B. Bunokyp

experimental data and verification of the
reliability of the adopted methodology. The
results of the first series of tests will make it
possible to specify the load parameters,
measurement schemes and methods of fixing
deformations, which will become the basis for
improving the program of further experiments.

The second series, which involves testing
double-span beams, can be specified or
modified based on the results of the 1st series
of tests. Such a phased approach ensures
scientific consistency of the research, increases
the accuracy of experimental observations and
allows optimizing the parameters of future
tests.

The preparatory work and the created
experimental setup provide accurate control of
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loads and reliable fixation of the research
results. The developed methodology forms a
scientific basis for further testing, creating the
prerequisites  for  developing  practical
recommendations for strengthening existing
building structures.

Thus, the study contributes to the
development of technologies for the restoration
and reconstruction of reinforced concrete
elements that have lost part of their load-
bearing capacity, and is of great importance for
increasing the reliability and safety of building
infrastructure in the conditions of modern
reconstruction.
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METO/JUKA
EKCHEPUMEHTAJILHOI'O
JOCJLIKEHHS 3AJI30BETOHHUX
BAJIOK NIICWJIEHUX 3A JOTIOMOTI' OO
MOCTHANIPY)KEHUX KAHATIB

JImumpo CMOPKAJIOB
Bonooumup BUHOKYP

AHoTalist. Y CTarTi OpeacTaBICHO METOIUKY

NPOBEACHHS  CKCIIEPUMEHTAIBHUX  JOCIIIKCHD
MiACWIEHHS 3aJ11300€ TOHHUX OaJIOK 3
3aCTOCYBaHHSIM MOTIEPETHBO HAIPy>KECHUX

apMarypHux KaHariB. PospoOnena meroamka
0a3yeTbCs Ha IPUHITATII T ICHIICHHS €JIEMEHTIB, 1110
JTO3BOJISIE MIJBUIIUTH IXHIO HECy4y 3JaTHICTh Ta
TPIMIMHOCTIHKICTE 0€3 HEeoOXiTHOCTI JMEMOHTAXY
a00 3HaYHOTO BTPY4YaHHS B ICHYIOUY KOHCTPYKLIIO.

OcHoBHa yBara MpuiJicHa TEXHITHUM aclleKTaMm
pearizanii MONEpeAHBOTO HAMpy)KeHHS KaHaTiB,
30KpeMa crocobaM X 3aKkpiluIeHHs, HapaMeTpam
HATATY, METOJIaM KOHTPOJIO Halpy>KEHOTO CTaHy.
Y po6oTi HaBEOEHO MOCTIIOBHICTH IMPOBEACHHS
eKCIIEPUMEHTY, 110 BKJIIOYA€ BUTOTOBJICHHS cepiit
JOCHITHUX 3pa3KiB, CXEMH IX HaBaHTKEHHS,
MeToAM BUMipIOBaHHA aedopMmamid 1 Qikcamii
PO3BHUTKY TPILIHH.

Ha pmanomy erami JOCHiIKEHHS BHKOHAHO
po3poONeHHsS,  BUTOTOBJICHHA  Ta  MOHTaX
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BUTIPOOYBaIbHOI YCTAaHOBKH, TIPU3HAYCHOI JUIS
MOJIEIIOBAHHSA poboTu M ACUIIEHUX
3ai300€TOHHAX ENIEMEHTIB Y PI3HUX PeXNMax
HaBaHTaKeHHA. CTBOpeHa eKcliepuMeHTanbHa 06a3a
3a0e3mnedye MOKIIMBICT TOIAJIBIIOTO MTPOBEACHHS
cepii BunpoOyBaHb, CIPSIMOBaHMX Ha SIKICHY Ta
KUTBKICHY OITIHKY BIUIUBY MOTIEPETHBO
HANPY’KEHUX KaHATiB Ha HampyxeHo-aedopmo-
BaHWU CTaH OaJlOK Ta BH3HAYCHHS €(PEKTUBHOCTI
3aIpONOHOBAHOT TEXHOJIOT1i i ICUIICHHS.
Otpumani y MailOyTHbOMY pE3yJIbTaTH CTaHYTh
OCHOBOIO 1151 OpMyBaHHS MPAKTHYHUX PEKOMEH-
Al 1 BOOCKOHANEHHS METOMIB pO3PaxyHKY
MACUICHUX 3113006 TOHHIX KOHCTPYKIIiM.

OCHOBHOIO METOI0 JaHO1 POOOTH € CHpPHUSHHS
PO3BUTKY Ta BIPOB3PKEHHIO NTAHOI TEXHOJIOTII.
JocmipkeHHS  COpsSMOBaHE Ha BJIOCKOHAJICHHS
METOIUKH M ICUIICHHS 32113006 TOHHUX
KOHCTPYKIIH 1 CTBOpPEHHS HAayKOBHX IEepely-MOB
JUIS ~ OHOBIIEHHS  HOpMaTHBHOI  0a3u, 1IO
3a0e3MeYnTh CeQEKTUBHE TPOEKTYBAaHHS, TMif-
BUINEHHS HAAIMHOCTI Ta JOBTOBIYHOCTI Oymi-
BEJIBHHUX 00’ €KTIiB B YKpaiHi.

KamouoBi cioBa: miacuieHHs, TONEPEIHE
HaIpyKEHHS, IOCTHATIPYKEHHS, KaHATH, METOTNKA
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