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Abstract. The article describes the study of the influence of the direction and amount of reinforcing fiber on the strength of a concrete. Behavior of stresses and strains was considered for the case when the stress is applied in the longitudinal direction, along the direction of fiber reinforcement. Influence of the length of reinforcing fibers on the strength of concrete composites was studied. The influence of the combination of polyacrylonitrile fiber and fillers on the strength properties of composite polymer materials was studied. It was found that the strength properties of epoxy composites depend on the composition of fillers and polyacrylonitrile fibers. 
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INTRODUCTION
In recent years, the number of deadly earthquakes in the world has increased, which have a serious impact on human life and the socio-economic infrastructure of countries, so it is important to constantly improve the field of seismic safety. Therefore, the introduction of modern approaches to ensuring seismic safety, development of new methods of seismic resistance of buildings and structures, and the production of new types of innovative building materials are becoming increasingly relevant [1].
To overcome these problems, it is advisable to develop a technology for the production of concrete structures with dispersed reinforcement. Concrete structures reinforced with glass, basalt, polypropylene and metal fibers are promising for the creation of earthquake-resistant, lightweight and energy-efficient materials for multi-story buildings.
Cement concrete composites, widely used in construction, are widespread coarse-grained composites in which the matrix and dispersed phase are ceramic materials. Gravel and sand are used as fillers, and cement concrete structures are widely used as a building material. In order for the cement concrete mixture to achieve sufficient strength, the ingredients must be added in the correct proportions. In order for the mixture with two different sized particles to be tightly packed and achieve a strong bond, the fine sand particles must fill the space between the gravel particles. This is usually 60% to 80% of the total volume of the mixture. The amount of cement-water mixture must be sufficient to cover all the sand and gravel particles, otherwise the cement bond will not be strong. In addition, all components must be thoroughly mixed.
Further increase in the strength of cement concrete allows obtaining earthquake-resistant, durable and elastic cement concrete composites. This is a completely new and promising direction, which is achieved by mixing synthetic fibers into concrete. As a result, fiber-reinforced concrete structures have high strength, resistance to compression and rupture, and also increase their seismic resistance. 
METHODS
There are many methods of reinforcing materials with fibers, and when reinforcing cement concrete structures with fibers, it is advisable to take into account the physical-mechanical, physical-chemical and deformation properties of binders and fillers in the composition of cement concrete. The arrangement of fibers along the surface of fiber-reinforced composite materials is shown in Fig.1-2.
The mechanical properties of fiber-reinforced composites are influenced by several factors, such as the stress-strain relationship within the fiber and matrix phases, the volume fraction of each phase, and the direction in which the load or stress is applied. Moreover, fiber-reinforced composites exhibit strong anisotropy, meaning their properties vary depending on the measurement direction [2]. To begin with, let us examine the stress-strain behavior when the applied stress acts in the longitudinal direction — that is, along the axis of fiber reinforcement, as illustrated in Fig.1.
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FIGURE 1. Schematic representation of fiber-reinforced composites. a - continuous unidirectional fiber, b - short unidirectional fiber, c - short randomly oriented fiber
Figure 2 presents a schematic illustration of the stress–strain curves for both the fiber and matrix phases. In this case, it is assumed that the fiber behaves as a completely brittle material, while the matrix exhibits elastic behavior. The diagram also indicates the tensile strengths of the fiber and matrix, denoted by σf and σm, as well as their corresponding strain values, ϵf and ϵm. It is further assumed that ϵm > ϵf, which is generally true for most cases [3,4].
A composite material composed of these fibers and matrix exhibits a uniaxial stress–strain response, as illustrated in Fig.2. During the initial stage (Stage I), both the fiber and matrix deform elastically, producing a nearly linear portion of the curve. In typical fiber-reinforced composites, the matrix begins to yield and undergo plastic deformation, while the fibers continue to deform elastically because their strength is much higher than the matrix’s yield strength. This process represents Stage II of the curve. Stage II also tends to be linear but with a reduced slope compared to Stage I. As the transition occurs from Stage I to Stage II, the load carried by the fibers increases.
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FIGURE 2. (a) Schematic stress-strain curves for fibers and flexible matrix materials. (b) Schematic stress-strain curve for a fiber-reinforced composite subjected to uniaxial stress applied in the reinforcement direction
Composite failure starts when fiber fracture occurs, corresponding to a strain level close to ϵf, as depicted in Fig.2. However, this failure is not catastrophic for several reasons. Firstly, not all fibers break simultaneously, since their tensile strengths naturally vary. Secondly, even after some fibers fracture, the matrix continues to deform plastically and remains at ϵm > ϵf. Consequently, the broken fibers, though shorter than the original ones, stay embedded in the intact matrix and can still carry part of the load because the surrounding matrix continues to sustain deformation [5,6].
Fiber-reinforced concrete structures reinforced with glass, basalt, polypropylene and metal fibers are promising for creating earthquake-resistant, lightweight and energy-efficient materials for multi-story buildings.
By strengthening the strength of cement concrete with fibers, it is possible to obtain earthquake-resistant, durable and elastic cement concrete composites. This is generally a new and promising direction, which is achieved by mixing high-modulus fibers such as glass, basalt and polyethylene into cement concrete. As a result, fiber-reinforced concrete structures have high strength, resistance to compression and rupture, and also increase their seismic resistance.
There are many ways to reinforce materials with fibers, and when reinforcing cement concrete structures with fibers, it is advisable to take into account the physical, mechanical, physical, chemical and deformation properties of binders and fillers in the composition of cement concrete. The mechanical properties of fiber-reinforced concrete composites depend not only on the fiber properties but also on the degree of transfer of the applied load to the fibers through the matrix phase[7]. At this level of load-bearing capacity, the magnitude of the cross-links between the fibers and the matrix phases is important. Under tension, the bond between the fiber and the matrix is broken at the ends of the fiber, which leads to deformation of the matrix, as shown schematically in Fig.3. In other words, the load from the matrix is not transferred to each end of the fiber. The length of the fiber is important for the effective reinforcement of cement concrete composites. This critical length lc depends on the fiber diameter d and its relative stiffness  as well as the strength of the fiber-matrix bond τc.
 							(1)
When a stress equal to is applied to a fiber of critical length, a stress–position distribution as illustrated in Fig. 2a is obtained—indicating that the maximum fiber stress occurs only at the midpoint along the fiber axis. As the fiber length increases, the effectiveness of the fiber reinforcement also improves. This is depicted in Fig. 2b, which shows the stress–axial position profile for , where the applied stress reaches the fiber’s ultimate strength. In contrast, Fig. 2c presents the stress–position profile for . Fibers whose lengths satisfy (typically ) are generally classified as continuous fibers, whereas those shorter than this threshold are referred to as short fibers [8,9].
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FIGURE 3. Schematic diagram of deformations in the matrix surrounding a fiber subjected to an applied tensile load
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FIGURE 4. Stress distribution profiles for a fiber-reinforced composite when the fiber length : (a) is equal to the critical length , (b) exceeds the critical length, and (c) is shorter than the critical length. In each case, the fiber is exposed to a tensile load corresponding to its ultimate tensile strength .

For continuous fibers with a length significantly shorter than lc, the matrix deforms around the fiber in such a way that virtually no stress is transmitted and the fiber provides only minor reinforcement. As mentioned above, these are mainly dispersed composites. To significantly increase the strength of the composite, the fibers must be continuous.
High-strength composite polymer materials are multicomponent systems in which the total number of ingredients in the formulation reaches 6 or more. In general, the ingredients and binders used can be divided into three main groups: a reinforcing component - synthetic and natural fibers, powdered and other fillers of inorganic and organic origin, polymer binders - synthetic resins.
The relationship between the connected connecting parts determines the properties of the composite material - its physical and mechanical properties. An increase in the amount of resin leads to an increase in the hardness, brittleness, and heat resistance of the material. An increase in the amount of plasticizer reduces the rigidity and increases the magnitude and stability of the dynamic properties. The use of a combined binder opens up wide possibilities for the creation of high-strength reinforced composite polymer materials.
To obtain a reinforced structure, various fibers are introduced into polymer composite materials, since reinforced composite polymer materials have high mechanical strength. Along with natural fillers, the shape and size of its particles significantly affect the properties of composites [10,11]. The shape and size of the filler particles in many cases have a certain effect on the strength properties of composite materials. In accordance with this formulation of the problem, we studied the effect of short PAN fiber, mechanically activated sand, wollastonite and their combinations on the strength properties of reinforced composite polymer materials. The mechanism of reinforcing polymers with powder fillers is an extremely complex phenomenon. Depending on their nature, fillers can increase or decrease the strength properties of polymer composites. This is confirmed by the results of our study of the effect of the content of mechanically activated sand and wollastonite on the strength of epoxy composites.
RESULTS AND DISCUSSION
The dependence of the strength properties of epoxy composites on the content of fillers - powdered ingredients and PAN fibers is shown in Fig.5. As can be seen from Fig.5, mineral fillers - mechanically activated sand and wollastonite in epoxy composites - improve the mechanical properties of composite materials. In particular, in a composite material containing 6% by weight of mechanically activated sand and wollastonite, the tensile strength increases to 50 MPa with an increase in the amount of fillers.
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FIGURE 5. Dependence of the strength properties of epoxy composites on the composition of fibers. 1 - mechanically activated sand, 2 - wollastonite, 3 - short PAN fiber
With a further increase in the filler content, a slight decrease in the tensile strength of epoxy composites is observed. This is explained by the fact that the epoxy resin affects the processes of interaction with mechanically activated sand and wollastonite, promoting wetting and spreading over the filler surface, which is a necessary condition for the adhesion of sand and wollastonite particles [12].
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FIGURE 6. Dependence of tensile strength of epoxy composites on the amount of short PAN fiber and mechanically activated fillers. 1 - PAN fiber + mechanically activated sand; 2 - PAN fiber + wollastonite; 3 - short PAN fiber + mechanically activated sand + wollastonite
In addition, the increase in the tensile strength of epoxy composites is explained by the fact that during mechanical activation of sand and wollastonite, a change in their specific surface area and activation of the particle surface are observed. This creates conditions for the formation of strong and complex bonds between the epoxy binder and the filler.
CONCLUSION
The same pattern of change in the tensile strength of epoxy composites was observed when using short PAN fiber in an amount of 15-20% by weight. Fig.5 shows that the tensile strength of epoxy composites strongly depends on the content of short PAN fibers and changes depending on the maximum fiber content compared to composites using mechanically activated sand and wollastonite. In this case, the maximum value of filling the curve with short PAN fiber is 20% by weight. Thus, the optimal composition of mechanically activated sand and wollastonite, short PAN fiber is 3-5 and 15-20%, respectively.
Fig.6 shows the dependence of the strength properties of filled epoxy composites on the composition of short PAN fibers, mechanically activated fillers and their composition in composites. As can be seen from Figure 6, the tensile strength of reinforced composite polymer materials based on short PAN fibers and mechanically activated fillers in various ratios increases with an increase in short PAN fibers and their composition [13,14]. Thus, in composite polymer materials reinforced on the basis of short PAN fibers with la = 1-3 mm and their composites, the strength increases with an increase in its content by 20% by weight, reaching a maximum of 138 MPa. With a further increase in the content of short PAN fibers and their composites, a decrease in the strength properties of the materials is observed.
Thus, the obtained data on the study of the effect of short PAN fibers and their composites with mechanically activated sand and wollastonite on the tensile strength of epoxy composites allow us to recommend the optimal composition of short and mineral fillers for further research.
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