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ABSTRACT: In the scientific research work, theoretical research work on flexible fiber reinforced concrete beams made with the 

addition of basalt fibers was carried out.The results of theoretical studies show that the values of the ultimate bending moment 

in fiber reinforced concrete beams were found to be relatively higher than the values of the bending moment in ordinary beams. 
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1. INTRODUCTION 

Fiber concrete is a composite material that contains fibers in a cement matrix with an orderly or random distribution. The 

strength properties of fibrous concrete undoubtedly depend on the type of fiber, fiber geometry, fiber composition, fiber 

direction and distribution, shape and size of large and fine aggregates. Fiberreinforced concrete improves properties due to 

fibers. 

The world's first patent for fiber reinforced concrete structures was awarded to Russian scientist V.P.Nekrasov obtained 

in 1909 and extensive development of scientific research on fiber concrete, the development of methods for calculating the 

structures made of it was carried out in the 60s of the twentieth century. The first large-scale application of fiber reinforced 

concrete in practice began in 1976 with the construction of runways in Russia. However, at that time, this material was not 

widely used, because the technology of preparation of fiber reinforced concrete and fiber reinforced concrete itself was not 

perfect [1]. 

There are many types of fiber concrete products used in various industries. Scientists from Austria, Australia, Belgium, 

Germany, the Netherlands, Spain, Canada, China, Poland, the United States, France, the Czech Republic, Switzerland, South 

Africa, Japan and other countries have made significant contributions to the development of fiber concrete, including Shen X., 

Singha K., Zhang J., Zhang X., Kudyakov K.,NihalL.P., Shiping Li, Yibei Zhang, Wujun Chen and other scholars deserve special 

mention [2, 3, 4, 5, 6]. 

The study and analysis of scientific research on the strength, tensile strength, and deformation of flexible fibrous 

concrete elements based on basalt fibers have shown that to date, experimental and theoretical data in this area have been 

collected in foreign countries. However, despite the advantages of basalt material and the positive results obtained during many 

studies, and the practical experience of experimental projects, basalt fiber is not widely used in reinforced-concrete construction 

[7]. 

 

2. RESEARCH METHODOLOGY 

Calculation of strength under the influence of bending moment and longitudinal force of elements of fiber concrete structures is 

carried out on the normal section relative to the longitudinal axis.When calculating the load-bearing capacity of working 

reinforcement elements on the normal cross-section, the limit loads that can be accepted by fiber concrete and reinforcement 

in the normal section are determined based on the following cases: 

- it is obtained in the form of residual stresses in which the tensile sresistance of fiber concrete is equal to Rfbt2 or Rfbt3 

and evenly distributed in the elongation zone of fiber concrete; 

- it is obtained in the form of stress in which the compressive strength of fiber concrete is equal to Rfb and evenly 

distributed in the compressive zone of fiber concrete; 
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- deformation (stress) in the rebar is determined depending on the height of the compression zone of the fiber 

concrete; 

- the tensile stress in rebar is assumed to be no greater than the calculated resistance Rs in elongation; 

- the compressive stress in the rebar is assumed to be greater than the calculated resistance Rsс in compression. 

The normal cross-sectional strength of reinforced concrete elements is calculated based on the ratio of the relative 

height of the compressive zone 
h

x

0

  to the boundary value of the relative height of the compressive zone in the boundary 

position of the resulting element when the elongated reinforcement stress is equal to Rs. The value of is determined by the 

following formula: 
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where:  - the characteristic of the compressive zone of fiber concrete; 0.8 for heavy fiber concrete up to class В60 and 0.7 for 

heavy fiber concrete and fine aggregate concrete class B70-B100; 

s - the calculated value of the acceptable limit relative deformation of the reinforcement according to DR63.13330 

2fb - Relative deformation of compressive fiber beton at Rfb stress; its value is assumed to be equal to the value given in 

DR63.13330 for ordinary concrete. 

The cross-sectional strength of flexible elements is calculated on the basis of the following condition: 

ultMM        (2) 

where: M is the bending moment generated by the external load; 

Mult –the ultimate bending moment that can be accepted by a section of an element 

The value of Mult in right-angled fiber-reinforced concrete elements is determined by the following formula[8]. 
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In this case, the height of the compression zone is determined by the following formula: 
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Figure 1. Diagram of forces and stress diagram in a section normal to the longitudinal axis of a bent fiber-reinforced concrete 

element of rectangular section with reinforcement, when calculating its strength. 
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In the initial stages of loading on the beams, the amount of stress in the concrete and reinforcement is almost not large, 

in which case the deformation is in an elastic state. As the load increases, the amount of stress in the elongated zone of the 

concrete reaches the limit value of elongation. But the concrete does not crack. Plastic deformations occur on the stretched 

lower surfaces of the concrete, the deformation in these layers being equal to the tensile strength of the concrete. 

In this case, as the load increases, the elongated zone of the concrete breaks at the end of the deformation index. As a 

result, cracks are formed and a new condition on the cutting surface of the element. Once the cracks are formed, the 

reinforcement accepts the tension in the elongation of the cracked cutting surface, and between the cracks, the connection to 

the concrete is not broken and the concrete continues to work on elongation, giving the reinforcement a little more tension. 

The process of breaking down reinforced concrete takes place over a very short period of time during the test period. 

With the onset of the flexibility of the reinforcement, deformation begins, resulting in increased bending, and as the crack 

increases, the height of the compressed part of the concrete cutting surface decreases. Plastic deformation occurs in the 

compressed zone of the concrete over the cracks. Deformation begins with the crushing of concrete in the compacted zone. In 

this case, the compressed zone diagram is close to the appearance of a parabola. The cracks in the elongation zone enlarge, the 

beam stiffness decreases, and the slope increases rapidly, breaking the beam. 

The breakdown of normally reinforced reinforced concrete elements begins with elongated reinforcement. When the 

stress in the reinforcement reaches the leakage limit, the height of the concrete compression zone decreases sharply, which 

causes the concrete to collapse. In beams with a large number of tensile reinforcement, the collapse begins with the concrete in 

the compression zone, where the stress in the reinforcement is much smaller than the flow limit. This is definitely the opposite 

of saving[4-10]. 

Once the sample beams are loaded, in the initial stages of loading, the concrete and reinforcement work elasticly, with 

no cracks appearing in them. The amount of stresses in concrete and reinforcement is small and inelastic deformations do not 

develop.As the number of loads increases, the stresses in the concrete in the elongated area of the beams reach their calculated 

resistance to elongation and the initial cracks appear. From this point on, the qualitatively different stress-strain state begins in 

the sample beams, and a redistribution of stresses in the concrete and reinforcement is observed. When the first cracks are 

formed, the concrete almost loses its resistance in the elongated area, and the reinforcement of the concrete is observed only in 

the areas between the cracks and the reinforcement. 

 

3. THE RESEARCH FINDINGS AND DISCUSSION 

The results of the ultimate moment obtained on the basis of theoretical calculations of ordinary and fiber-reinforced concrete 

beams are shown in Table 1. 

Table 1. The ultimate moment determined by the calculation of the sample beams 

№ 
Fiber length, 

mm 
Fiber dosage,% Rb, МПа Rfbt3, МПа 

x

ultМ , кН·м difference 

1 - - 25,8 - 13,56 - 

2 10 0,1 28,7 1,12 15,29 +12,80 

3 10 0,2 29,8 1,18 15,41 +13,70 

4 10 0,3 28,3 1,05 15,18 +11,97 

5 30 0,1 28,9 1,10 15,27 +12,64 

6 30 0,2 30,4 1,27 15,56 +14,79 

7 30 0,3 28,1 0,92 14,98 +10,53 

 

The experimental results of without basalt fiber reinforced concrete beams and fiber reinforced concrete beams 

dispersed with basalt fibers were compared with the results of theoretical calculations.  

The results of theoretical and experimental tests on fiber-reinforced concrete and ordinary reinforced concrete beams 

reinforced with basalt fibers are shown in Figures 2-4. 
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Figure 2. Graph of the dependence of the bending moment on the deflection of the I-series sample beams 

 

 
Figure 3. Graph of the dependence of the bending moment on the deflection of the II-series sample beams 

 

 
Figure 4. Graph of the dependence of the bending moment on the deflection of the III-series sample beams 

 

The results of experimental and theoretical studies show that the values of the ultimate bending moment in fiber 

reinforced concrete beams are relatively high than the values of the bending moment in ordinary beams. 
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4. CONCLUSIONS 

1. According to the results of theoretical calculations, the value of the ultimate moment in the beams without the 

addition of basalt fibers was 13.56 kN·m. The value of breaking moment in flexible fiber reinforced concrete beams made by 

adding 0.1% of basalt fibers with a length of 10 mm was 15.29 kN·m. The value of ultimate moment increased by 12.80% 

compared to ordinary reinforced concrete beams. 

2. The value of ultimate moment in flexible fiber reinforced concrete beams made by adding basalt fibers with a length of 

10 mm in the amount of 0.2 and 0.3% was 15.41 kN·m and 15.18 kN·m, respectively. 

3. In fiber reinforced concrete beams with a content of 0.1% and a length of 30 mm, the value of the ultimate moment is 

15.27 kN·m, the value of the ultimate moment is 15.56 kN·m, the amount of fibers is 0.3%, the value of the ultimate moment 

was 14.98 kN·m. It was found that the values of the ultimate moment increased by 10-15% compared to the values of the 

ultimate moment in ordinary beams. 
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