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Abstract: The article presents the results of theoretical and experimental research on the opening and
development of cracks in reinforced concrete beams without the addition of basalt fibers and dispersed
reinforcement with basalt fibers.
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1. INTRODUCTION

Currently, most of the construction work is done using concrete. Concrete has a number of undeniable
advantages as well as disadvantages. Non-reinforced concrete has low resistance to bending and
elongation, during the hardening process it enters the concrete and the long-term durability of the
structure is reduced as a result of cracks. In order for the concrete to absorb tensile stresses, it will be
necessary to reinforce it with steel rods to form reinforced concrete.

In reinforced concrete, reinforcement is placed to receive tensile stresses, while compressive stresses are
to be accepted in concrete. The interaction of reinforcement and concrete is explained by the presence of a
good bond between them and the temperature coefficients of the linear expansion being approximately the
same [1].

About 20% of the cost of reinforced concrete products manufactured at the plant falls on the share of
reinforcement, so the organization of reinforcement work in reinforced concrete plants is considered to be
technically and economically important [2]. According to the type of reinforcement, reinforced concrete
products are divided into simple reinforcement and dispersed reinforcement (scattered, scattered).
Reinforcement is carried out using flat nets (grids) and spatial (volume) carcasses made of steel rods of
different diameters and welded to each other at the intersections.

Within the structure, the location of the fixture will be strictly defined. The placement of the
reinforcement inside the product is ensured by fastening it into the formwork before concreting.
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In simple, non-prestressed reinforced concrete structures, cracks may appear in the elongation zones
during operation. Pre-stressing of reinforcement in order to generate compressive stresses in the
elongation zones of concrete has significantly increased the cracking of the product, reduced deformation,
the use of high-strength steel and saved metal consumption [3].

It is known that the operation of reinforced concrete structures in an environment that is aggressive to the
metal, which accelerates the deterioration of the structure as a result of corrosion of the metal in it, is a
major problem. In such cases, in order to prolong the life of reinforced concrete structures, it is advisable
to replace metal fittings with mirror material.

2. RESEARCH METHODOLOGY

The moment of crack formation, taking into account the inelastic deformations of the tensile fiber-
reinforced concrete, is determined in accordance with the following provisions:

» sections after deformation remain flat;

> the stress diagram in the compressed zone of fiber-reinforced concrete takes a triangular shape, as for
an elastic body (figure 1);

> the stress diagram in the tensile zone of fiber-reinforced concrete takes a trapezoidal shape with
stresses not exceeding the calculated values of the tensile strength of fiber-reinforced concrete r___;
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> the relative deformation of the extreme stretched fiber of fiber-reinforced concrete is taken equal to

E iz

> the stresses in the reinforcement are taken depending on the relative deformations as for an elastic
body.
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1 - the level of the center of gravity of the reduced cross section

Fig.1. Scheme of the stress-strain state of the section of the element when checking the formation of
cracks under the action of a bending moment (a) and a bending moment and a longitudinal force (b).

The moment of crack formation, taking into account inelastic deformations of tensile fiber-reinforced
concrete, is determined by the formula [4]:

Mee = Rpgeer ‘W (1)

cre fbt,ser ©
Where: W, is the elastoplastic section modulus for the extreme stretched fiber of fiber-reinforced
concrete.

For rectangular sections, the value of W, under the action of a moment in the plane of the axis of
symmetry can be taken equal:
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W, =y W, (2)

oy epma: W, is the elastic modulus of the reduced section along the stretched zone of the section.

y - 1s a coefficient that takes into account the inelastic properties of fiber-reinforced concrete of the
tensile section zone, determined by the formula:

¥ =1,73—0,005(B —15) (3)

where: B-numerical characteristic of the class of fiber-reinforced concrete in terms of axial compressive
strength

W, - is the elastic modulus of the reduced section along the stretched zone of the section, determined by

the formula:
Ire

Wred =t (4)
7t

I, 1S the moment of inertia of the reduced cross section relative to its center of gravity, determined

taking into account the presence or absence of cracksDJIeMEHTHUHT KeNTUPWITaH KyHIAJaHT KECMHHHT
YHHHT OFUPJIMK MapKa3ura HUCOATaH WHEPIHSI MOMEHTH.

=1+l a+l -«a (5)
where: | - the moment of inertia of the fiber-reinforced concrete section relative to the center of gravity
of the reduced cross section of the element.
I,,1.-moments of inertia of the cross-sectional areas of tension and compression reinforcement,
respectively, relative to the center of gravity of the reduced cross section of the element.
Normal crack opening width ac is determined by the following formula:
O,
acrczqol'(oz'(os'l//s'_s'ls (6)
ES
where:

@1- 1s the coefficient taking into account the duration of the load effect, assumed to be equal to the
following:

1,0 - under the continuous action of loads;
1,4 -under the continuous influence of loads;

@2 — the coefficient taking into account the profile of the longitudinal reinforcement, which is assumed to
be 0.5 for periodic profile reinforcement and 0.8 for smooth reinforcement.

@3- coefficient taking into account the nature of the load is assumed to be 1.0 for flexible and
decentralized compressive elements, 1.2 for elongated elements;

Y- IS the coefficient taking into account the uneven distribution of the relative deformations of the
elongated reinforcement between the cracks;
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3. RESULT AND DISCUSSION

According to the results of the experiment, the onset times of cracking moments in flexible fibro-
reinforced concrete beams with the addition of basalt fibers were found to be different from those in
conventional beams.

The values of bending moments in the formation of vertical cracks in the beams without the addition of
basalt fibers, ie in the beams of the I-series pattern, were 3.24-3.50 kN-m. The ratio of the cracking
moment to the breaking moment was M’ /M' =0.235.

cre ult

In the ll-series sample beams, ie in the beams made with the addition of 0.1% of basalt fibers, the values
of cracking moment were 4.70-4.90 kN-m. The cracking moment was 40-45% higher than the cracking
moment in ordinary concrete beams.

The value of cracking moment in fibro-reinforced concrete beams made of I11-series basalt fibers with the
addition of 0.2% was 5.10-5.60 kKN-m. The ratio of the cracking moment to the breaking moment was
MT /M, =0325. The average value of the cracking moment in the samples prepared with the addition of

cre

basalt fibers was 59% higher than in the samples prepared without the addition of basalt fibers.The
cracking moment in IV-series beams was 4.20-4.35 kKN-m. The ratio of the cracking moment to the
breaking moment was mT™ /Mm™ =0.268.

cre ult

In V-series fibro-reinforced concrete beams, the cracking moment was 5.30-5.54 KN-m and the ratio of
cracking moment to breaking moment was m™ /M =0.325.

cre ult

The cracking moment on the VI-series beams is 4.65-4.82 kN-m and the ratio of the cracking moment to
the breaking moment m™ /M™ =0.300, the cracking moment on the VII-series beams is 4.24-4.40 KN-m

cre ult

and the ratio of the cracking moment to the breaking moment was mM™ /M =0.285.

cre ult

The values of the experimental and calculated bending moments on the beams, which are normally
directed to the longitudinal axis, are given in Table 4.3.

Table 1. Formation of cracks in beams

_ The bending moment in the The ultimate . :

No Cipher of the | formation of normal cracks, kH M bending moment Micrfc Michc

beams theoretical M, | experimental M M., xNm Mer Mu
1 5O-1 203 3,24 14,70 0,62 0,22
2 bO-2 ' 3,50 13,90 0,58 0,25
3 bb10-1-1 298 4,90 17,50 0,61 0,28
4 bb10-1-2 ' 4,70 16,80 0,63 0,28
5 bb10-11-1 3.06 5,60 15,80 0,55 0,35
6 bb10-11-2 ' 5,10 16,74 0,60 0,30
7 bb10-111-1 299 4,20 15,40 0,71 0,27
8 bb10-111-2 ' 4,35 16,90 0,69 0,26
9 bb30-1-1 3.00 5,54 16,30 0,54 0,34
10 bb30-1-2 ' 5,30 17,20 0,57 0,31
11 bb30-11-1 307 4,82 15,80 0,64 0,31
12 bb30-11-2 ' 4,65 16,10 0,66 0,29
13 | BB30-I111-1 598 4,24 15,80 0,70 0,27
14 | BB30-I11-2 ' 4,40 14,60 0,68 0,30
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Theoretical calculations also revealed that the starting times of cracking moments in flexible fibro-
reinforced concrete beams with basalt fibers are different from ordinary beams.

The value of the bending moment in the formation of cracks in the beams of the I-series sample was 2.03
kN-m.The value of the bending moment in the formation of cracks in the beams of the I-series sample
was 2.03 kKN-m. In samples, I, II, I1I, IV, V, VI, Vll-series in samples reinforced with basalt fibers, ie
respectively 0.1, 0.2, 0.3 % with the addition of basalt fibers in the beams made, the values of the
cracking moment ranged from 2.98 to 3.07 kN-m.

During the loading phases of the experimental samples, the first cracks that were normal to the
longitudinal axis of the element appeared at 0.22-0.25 and 0.27-0.35 load levels of breaking strength,
respectively, for reinforced concrete and basalt fiber reinforced concrete beams.

The nature of the occurrence, development and opening of cracks in reinforced concrete and basalt fiber
flexible fiber reinforced concrete beams varied. In reinforced concrete samples, normal cracks that
appeared in the early stages of loading developed rapidly and opened during loading. In basalt fiber
reinforced concrete samples, the development of normal cracks along the height of the beam and their
opening occurred more slowly. This is explained by the fact that the beams are reinforced with many
basalt fibers.

Wb, W M, M-

Fig 2. the opening width of normal cracks in beams I, 11-series

W W, WM MW, wH-m

e, TOVITY s, MM

Fig. 3.the opening width of normal cracks in beams 111, IV -series
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Fig. 4. the opening width of normal cracks in beams V, VI -series
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Fig. 5. the opening width of normal cracks in beams VII-series
Sequence numbers of cracks 1, 2, 3,4, --------- - Theoretical
4. CONCLUSION

According to theoretical and experimental results, it was found that the starting times of cracking
moments in flexible fibro-reinforced concrete beams with basalt fibers are different from ordinary beams.

In the beams without the addition of basalt fibers, ie in the beams of the I-series pattern, the values of the
moments of initiAL CRACKING WERE 3.24-3.50 KN-m. In the Il-series sample beams, ie in the beams made
with the addition of 0.1% of basalt fibers, the values of cracKING MOMENT WERE 4.70-4.90 KN-m.
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