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Abstract. The results of experimental studies of the load-bearing capacity, deformability and
crack resistance of damaged beams reinforced with fiber concrete in the compressed and stretched
zone are presented. Test samples are made of concrete and fiber concrete. The amount of steel fiber
in fiber concrete is 2% of the volume of the product. Preliminary tests were carried out on prisms
and cubes. During the manufacture of beam samples, before concreting, a foam insert was installed
in the area of planned damage, the shape and dimensions of which corresponded to the damage.
After the concrete set to 70% grade strength, the liner was pulled out, and the resulting cavity was
filled with a 2% mixture of fiber concrete. Tests of material samples showed that the introduction of
steel fiber into the composition of concrete in the amount of 2% by volume increases the
compressive strength limit by 15.3%. The initial modulus of elasticity of fiber concrete of the
specified mixture is 38.0% higher than that of ordinary concrete of this composition.

Conducted experimental studies of damaged beams showed that a beam whose cross-section
is 40% damaged in the middle-compressed zone, and the shape of the damage is close to
rectangular, has a load-bearing capacity of 92.0 kN, or 93.9% of the load-bearing capacity of an
undamaged beam. Cracking started at the 4th loading stage, when the load value was 26.0kN, i.e.
28.3% of the bearing capacity of the damaged beam. The maximum final crack opening width was
0.6 mm. A beam whose section is 40% damaged in the mid-stretch zone has a load-bearing capacity
of 92.4 kN, or 93.2% of the load-bearing capacity of an undamaged beam. Cracking started at the
5th loading stage, when the load was 32.5kN, i.e. 35.2% of the bearing capacity of the damaged
beam. The maximum final crack opening width was 0.8 mm.

It is claimed that the strengthening of a beam with 40% damage in the compressed or
stretched zone in the manner considered in the paper is effective, as it allows achieving its load-
bearing capacity, which is more than 93% of the load-bearing capacity of an undamaged beam.

Keywords: damaged beam, reinforced concrete, experiment, stand, bearing capacity, crack.

Introduction. The field of application of reinforced concrete beams in construction is huge.
They are used in various constructions and structures, such as high-rise residential and industrial
buildings, airports, bridges, for laying railway and tram lines, etc.

The main advantages of reinforced concrete beams are their increased strength, fire resistance,
installation speed, and durability. Due to various reasons, these structures can be damaged, it can be
mechanical damage associated with the destruction of concrete and corrosion of reinforcement as a
result of long-term operation. This problem is especially relevant in our time, since a large amount
of damage occurs as a result of military operations. It is not always advisable to change the
structure; in most cases it is more economical to strengthen the damaged part of the structure
without its complete replacement.

Analysis of research and publications. Many works are devoted to the strengthening of
reinforced concrete beams. All of them can be divided into experimental and theoretical, and the
latter include analytical and numerical methods for calculating reinforcements. The complexity of
mathematical models describing constructive solutions of reinforcements leads to the fact that most
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scientists prefer experimental research methods [1-5].

Current research is mostly related to the use of carbon fiber reinforced polymers (CFRP) for
reinforcement. Thus, in the article [6], the results of studies of the load-bearing capacity of ordinary
(reference) and reinforced with carbon-plastic webs in the lower stretched zone and at the
supporting areas of damaged concrete beams with basalt-plastic reinforcement under the action of a
static gradually increasing low-cycle load are presented. In works [7-13], the results of research on
strengthening of damaged reinforced concrete beams with various types of fiber-reinforced polymer
laminates are presented. Reinforcement of beams with basalt tapes is considered in [14]. In [15]
fatigue failure of reinforced concrete beams, damaged by corrosion, strengthened by composites
with reinforced fabric is considered. The effectiveness of using carbon fiber as a method of
strengthening reinforced concrete beams subjected to shock loads was investigated in [16].

Works related to the use of fiber concrete are much less. Research [17] is devoted to
determining the ability of reinforced concrete beams with and without steel fiber to absorb energy
during explosive loading. In work [18], reinforced concrete beams reinforced with steel fiber
concrete were studied. It was established that the use of a 45 mm thick reinforced concrete shell
with a fiber content of 2.5% increases the destructive load by 20%, stiffness by 3.4-11 times, crack
resistance by 2.6 times. The effectiveness of ultra-high-strength fiber reinforced concrete
(UHPFRC) in the repair of damaged concrete columns is considered in [19]. Article [20] deals with
numerical modeling to verify and evaluate the influence of design-oriented parameters affecting the
shear behavior of reinforced concrete beams.

This short review shows the relevance of research on damaged beams reinforced with steel-
reinforced concrete.

Purpose. The purpose of the work was experimental studies of the load-bearing capacity,
deformability and crack resistance of damaged beams reinforced with fiber concrete in the
compressed and stretched zone.

Research materials and methods. Samples are made of concrete and fiber concrete. The
amount of steel fiber in fiber concrete is 2% of the volume of the product. Preliminary tests were
carried out on prisms and cubes, 100100400 mm and 100x100x100 mm, respectively, aged for
28 days. 2 groups of prisms and cubes were made. One of ordinary concrete (with the size of large
aggregate up to 10 mm) class C20/25 and the second — with anchoring steel fiber. Each group
consisted of six samples. During the manufacture of beam samples, before concreting, a foam insert
was installed in the area of planned damage, the shape and dimensions of which corresponded to the
damage. After the concrete set to 70% grade strength, the liner was pulled out, and the resulting
cavity was filled with a 2% mixture of fiber concrete. For research, methods of mathematical
statistics, experimental methods of mechanics, and the strain gauge method were used.

Research results. In accordance with the research program of bearing capacity, deformability
and crack resistance of damaged reinforced concrete beams reinforced with steel fiber concrete, a
bench for testing reinforced concrete beams was developed at the departments of construction
mechanics and resistance of materials. The flat transverse bending of the load of the tested beam is
created with the help of a hydraulic jack and a metal beam with a two-beam traverse, which
transmits two equal concentrated forces to the beam. The load created is controlled by a sample
dynamometer of the Tokar system and a ring dynamometer that acts as a support (Fig. 1).

During the tests, the load transmitted to the beam, deflections and deformations were
recorded. A study of a series of beams with different types of damage was carried out. The damage
zone (stretched and compressed), the geometry of the damage zone and the method of strengthening
were varied. The research was carried out on beams of rectangular cross-section with dimensions of
200x120 mm, reinforced with two vertical frames.
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Fig. 1. Test bench: 1 — the beam being tested; 2 — traverse;
3 —the lower load beam (I-beams); 4 — jack; 5 — sample dynamometer; 6 — racks

The studied beam samples (they were named RCD1-RCD6) were divided into three groups.
In the first group, the compressed zone was damaged, in the second and third — the stretched zone.
Specimens of each group with corresponding damage were produced simultaneously, and an
undamaged beam was additionally added to each group. In addition, prisms and cubes were made in
order to determine the physical and mechanical properties of the material of these samples. For the
production of material samples, when mixing the concrete mass, fiber was added uniformly, the
total volume of which was 2% of the volume of the product.

Test samples of the beams were tested for the effect of a one-time short-term gradually increasing
load until destruction or reaching the limit state, when the opening width of inclined cracks and the
arrow of deflections exceeded the permissible values. The criteria for the failure of the test samples were
also the achievement of the limit values of deformations in concrete or reinforcement, excessively large
opening of inclined or normal cracks, a significant increase in the deflection of the sample beam, no
increase or decrease in the readings of the pressure gauge of the pumping station of the power plant.

The test program provides for the study of a series of beams with different types of damage.
The damage zone (stretched and compressed), the geometry of the damage zone and the method of
strengthening were varied. This paper describes the results of the study of two reinforced beams
(Fig. 2). Both have 40% cross-sectional damage, but one (RCD3) is in the middle-compressed zone,
and the other (RCD5) is in the stretched zone.

Brand
Damage scheme
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Fig. 2. Nature of damage

The research was carried out on beams of rectangular cross-section with dimensions of
200x120 mm, reinforced with two vertical frames. Lower longitudinal armature — &12 mm, upper
— &8 mm. For transverse reinforcement, &6 mm rods with a step of 87.5 mm were used. In the
zone of the span of the section, the transverse reinforcement is made with rods of &4 mm.

Modern construction and architecture, 2024, no. 7, page 83-90

85



86

BUILDING STRUCTURES

The bearing capacity of three undamaged reinforced concrete beams (one from each group) is

given in the Table 1.

Table 1 — Bearing capacity of undamaged reinforced concrete beams

Brand sample Total load, kN Final moment, kKNm
RCI 98.0 26.95
RCII 99.1 27.25
RCIII 98.4 27.06

In the Table 2 shows the bearing capacity of reinforced beams recorded in experimental studies.

Table 2 — Bearing capacity of reinforced beams

Brand sample | Zone damage | Volume damage, % | Bearing capacity, kN
RCD1 Squeezed 20 80.6
RCD2 Squeezed 20 93.6
RCD3 Squeezed 40 92.0
RCD4 Stretched 40 91.0
RCD5 Stretched 40 92.4
RCD6 Stretched 40 93.6

According to the results of the tests, graphs of the dependence of the relative longitudinal
deformation on the load for the left and right supporting parts of the beam, for the zone of pure
bending for all tested samples, as well as graphs of the dependence of the deflections on the load,
which we do not present here due to the limited scope of the article, were constructed.

A little more detail about the bearing capacity and crack resistance of samples RCD3, RCD5.

Sample RCD3. The load-bearing capacity of the RCD3 sample was 92.0 kN, or 93.9% of the
load-bearing capacity of the undamaged beam.

Cracking started at the 4th loading stage, when the load value was 26.0kN, i.e. 28.3% of the
bearing capacity of the damaged beam. At the same time, 5 cracks formed in the area of pure
bending. At the fifth stage, two more cracks appeared. At the 8th and 9th loading stages, 4 more
cracks formed. A total of 12 cracks were formed. The maximum final crack opening width was 0.6
mm. General indicators of crack formation are given in Table 3.

Table 3 — Indicators of cracking in sample RCD3

Degree load | Size load, KN | Number cracks d.FmaI width
isclosure, mm
1 6.5
2 13.0
3 19.5
1-0.25;2,4-0.2;
4 260 1-6 3,5 —-0.1;6—0.05
5 325 7-8 7-0.1;8-0.05
6 39.0
7 455
8 52.0 9-10 9-0.2;10-0.15
9 58.5 11-12 11-0.6;12-0.25
10 65.0
11 715
12 78.0
13 84.5
14 91.0
15 92.0
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The destruction of the sample started with crack 11. The general appearance of the cracks
formed at the end of the RCD3 sample tests is shown in Fig. 3.

Sample RCD5. The load-bearing capacity of the RCD5 sample was 92.4 kN, or 93.2% of the
load-bearing capacity of the undamaged beam.

Fig. 3. Cracks in the sample RCD3

Cracking started at the 5th stage of loading, when the load value was 32.5kN, i.e. 35.2% of
the bearing capacity of the damaged beam; the first crack appeared. Another one is at the second
stage. At stages 7-9 of loading, 8 more cracks formed, and at stages 11-14, the last six. 4 cracks
formed in the zone of clean bending. The total number is 19 cracks. The maximum final crack
opening width was 0.8 mm. General indicators of crack formation are given in Table 4.

Table 4 — Indicators of cracking in sample RCD5

Degree load | Size load, kN | Number cracks d.FmaI width
isclosure, mm

1 6.5
2 13.0
3 19.5
4 26.0
5 32.5 1 1-0.3
6 39.0 2 2-0.1
7 45.5 3,4 3-0.2;4-0.15
8 52.0 5-8 56-0.15;7,8-0.2
9 58.5 9-10 9-0.1;10-0.05
10 65.0
11 715 11-12 11-0.1;12-0.25
12 78.0 13 13-0.8
13 84.5 14-15 14,15-0.1
14 91.0 16 16 -0.1
15 92.4

The destruction of the sample began with crack 13.
The general appearance of the cracks formed at the end of the RCD5 sample tests is shown in
Fig. 4.

Fig. 4. Cracks in the sample RCD5
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Conclusions. According to the results of experimental studies of prisms, a diagram of
concrete deformation, graphs of changes in relative linear deformations of fiber concrete, as well as
graphs showing a comparison of the nature of deformation of concrete and fiber concrete were
constructed. Tests of material samples showed that the introduction of steel fiber into the
composition of concrete in the amount of 2% by volume increases the compressive strength limit by
15.3%. The initial modulus of elasticity of fiber concrete of the specified mixture is 38.0% higher
than that of ordinary concrete of this composition.

Conducted experimental studies of damaged beams showed that a beam whose cross-section
iIs 40% damaged in the middle-compressed zone, and the shape of the damage is close to
rectangular, has a load-bearing capacity of 92.0 kN, or 93.9% of the load-bearing capacity of an
undamaged beam. Cracking started at the 4th loading stage, when the load value was 26.0kN, i.e.
28.3% of the bearing capacity of the damaged beam. At the same time, 5 cracks formed in the area
of pure bending. At the fifth stage, two more cracks appeared. At the 8th and 9th loading stages, 4
more cracks formed. A total of 12 cracks were formed. The maximum final crack opening width
was 0.6 mm.

A beam whose section is 40% damaged in the mid-stretch zone has a load-bearing capacity of
92.4 kN, or 93.2% of the load-bearing capacity of an undamaged beam. Cracking started at the 5th
stage of loading, when the load value was 32.5kN, i.e. 35.2% of the bearing capacity of the
damaged beam; the first crack appeared. Another one is at the second stage. At stages 7-9 of
loading, 8 more cracks formed, and at stages 11-14, the last six. 4 cracks formed in the zone of
clean bending. The total number is 19 cracks. The maximum final crack opening width was 0.8 mm.

It can be argued that strengthening a beam with 40% damage in the compressed or stretched
zone by the method considered in the paper is effective, because it allows achieving its bearing
capacity, which is more than 93% of the bearing capacity of an undamaged beam.
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HECYYA 3JATHICTb, JIE®OPMATHUBHICTH TA TPINIUHOCTIMKICTH
MNOIKO/XKEHUX BAJIOK 3 HIACUJIEHHAM ®IBPOBETOHOM
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Y00ecora depoicasna akademis 6yO0iBHUYMBA Mma apximexmypu
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Anoranis. [IpencraBiieHi pe3ynbTaT eKCIEPUMEHTAIBHUX JIOCIHIKEHh HECYYOi 3aTHOCTI,
nehOpMaTUBHOCTI Ta TPIMIMHOCTIAKOCTI TMOIIKO/DKEHUX OanoK 3 MiacuieHHsAM (GiOpoOeTOHOM Yy
CTHCHYTI! Ta pO3TATHYTIH 30HI. 3pa3ku Al BUIIPOOYBaHb BUTOTOBIIEHI 3 OeTOHY Ta (hiOpobdeTony.
Kinpkicts cranmeBoi ¢iOpu y ¢i6poberoni craHoButh 2% 00cary BupoOy. Ilomepenni
BUNIPOOYBaHHS TMPOBOAWJINMCA Ha Npu3Max Ta KyOax. Ilpm BUTOTOBJIEHHI 3pa3KiB OalloK mepen
OETOHYBAHHSM Yy 30HI 3aIlJIAHOBAHOT'O IMOIIKO/HKEHHSI BCTAHOBIIIOBABCS MIHOMIACTOBHM BKJIAIMIL,
dbopMa Ta po3MmipH SIKOTO BimmoBijamu nomkomkeHHto. [licns Habopy OGeronom 70% mapodnoi
MIITHOCTI BKJIAJUII BUTSTYBABCA, a MOPOKHUHA, IO YTBOPHJIACS, 3allOBHIOBAJIACS 2% CYMIIIIIIO 3
¢16pobetony. BumpoOyBaHHS 3pa3kiB MaTepialliB MOKa3ald, II0 BBEJIEHHS 1O CKJIagy OeToHy
cTaneBoro (GiopoBOro BOJOKHA y KUTBKOCTI 2 % 3a 00caroM 301IbIIIyE MEXKY MIIIHOCTI Ha CTUCK Ha
15,3%. IlouaTkoBuil MOIyNb MPYXKHOCTI (iOpoOeTOHY 03HaueHoi cymimi Ha 38,0% Buile, HIXK Y
3BHYAIHOTO OETOHY TaKOTO CKIALTy.

[IpoBeneH1 eKCepUMEHTAIbHI JOCIIKEHHS TOMIKOKEHUX OaJIOK IOKaszald, Mo OaJka,
nepepi3 skoi Ha 40% TOMIKO)KEHO B CEpenHil CTUCHYTIM 30HI, a GopMa MOIIKOHKEHHS Mae
BUIJISL, ONM3BKUI J0 MPSMOKYTHOTO, Mae Hecydy 3aatHicte 92,0 xH, a6o 93,9 % necydoi
3IATHOCT1 HEMOMIKOKEeHO1 Oanku. TpiliMHOYTBOpEHHS MoYajocs Ha 4-My eTari HaBaHTaKEHHS,
KOJIM BeJIMYMHA HaBaHTakeHHs ctaHoBmiIa 26,0kH, To0TO 28,3 % Hecydoi 31aTHOCTI MOMIKOKEHOT
Oanku. MakcuMaibHa KiHIIEBa IIMPUHA PO3KPHUTTS TpimuH craHosmia 0,6 mM. banka, mepepis sikoi
Ha 40% MOIIKOMKEHO B CepeAHiil pO3TATHYTIN 30HI, Mae Hecydy 3aatHicTh 92,4 xkH, a6o 93,2 %
HECY4Oi 3JaTHOCTI HEMOMKOpKeHoi Oanmku. TpillMHOYTBOpEeHHS TOdYajgocs Ha S5-My erari
HABaHTA)XCHHS, KOJM BeIMYMHA HaBaHTaXeHHs ctaHoBmIIa 32,5kH, 10610 35,2% Hecyuoi 37aTHOCTI
MOILKO/KEHO1 Oanku. MakcumanbHa KiHIleBa IIUPUHA PO3KPUTTS TPIlIMH cTaHoBuiaa 0,8 MM.

CrBepiukyeTbes, 10 mnocwieHHs Oanku 3 40% TOIIKOIKEHHSAM Y CTUCHYTIH abo
PO3TATHYTIHN 30H1 PO3TIISTHYTUM Y pOOOTI CIIOCOOOM € €(PEeKTUBHUM, OCKIJIBKH JTO3BOJISIE TOCATTH i1
HECY4ol 3JaTHOCTI, sIKa CTAaHOBUTH MOHaA 93 % Hecydoi 3JaTHOCTI HEYIIKO/HKEHOT OalIKH.

KurouoBi cioBa: nomkomkeHa Oanka, cranediOpoOEToH, eKCIepUMEHT, CTeH], Hecyda
3/1aTHICTh, TPIIIUHA.
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