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ABSTRACT 

 

The issue of the appearance and development of cracks, as well as an increase the cracking moment is 

of particular importance for bending elements operating under aggressive environmental conditions. In 

structures without cracks, steel reinforcement operates in fairly favorable conditions. However, when 

cracks appear in the sections of the structural element, the reinforcing bar is exposed to aggressive 

environmental influences, the voltage drop across the reinforcement also increases, etc. 

In reinforced concrete structures, tensile stresses are perceived by reinforcing bars, an increase in the 

content of longitudinal reinforcement in the section leads to some increase in crack resistance of 

structures, however, an increase in the percentage of longitudinal reinforcement causes a number of 

undesirable phenomena such as increased consumption of reinforcement and increased weight of the 

structure. Also, the introduction of reinforcement into the concrete body does not eliminate such 

disadvantages of concrete as susceptibility to corrosion, low elasticity, low tensile strength and tensile 

strength. The use of polymer concrete improves these properties of reinforced concrete structures, while 

the density of fiber rubcon and rubcon is slightly lower than that of traditional concrete, and, 

consequently, the weight of structures made of this polymer concrete. 
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INTRODUCTION 

As a result of studies of rubber concrete [1,2] and structures based on it [3,4,5,6,7,8], including 

reinforced rubcon bending elements of rectangular cross section [3,4] and T-sections [5], the authors 

confirmed the possibility of using structures based on this polymer concrete, the type of sensors was 

established to obtain an adequate picture of the distribution of deformations in the sections of the 

element. Also, methods have been proposed for using polymer concrete only in the tensile zone to 

protect steel reinforcement [6] or a polymer casing to protect concrete from aggressive environmental 

influences and increase the strength of the tensile zone [7,8,9].  

 

Successful methods are known for increasing the strength of the tensile zone of bending elements by 

using carbon fiber tapes as external reinforcement [10,11], and in these studies, a method for 

increasing the strength of the tensile zone by the combined use of fiber reinforcement and external - 

carbon fiber tapes is proposed. Researchers engaged in the addition of steel fiber to concrete structures 

as a dispersed reinforcement [12,13], as a result of which it was proven that the addition of steel fiber 

together with longitudinal reinforcement has a positive effect on the crack resistance of an element. 
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METHODS 

The technique of experimental studies of rubcon bending elements with mixed reinforcement is 

presented in the article [14], it also corresponds to the method of testing bent reinforced concrete 

elements with dispersed reinforcement, given in the articles [15]. The formation of normal cracks in 

the tested beams was determined by the testimony of strain gauges located on the lower surface of the 

bending element. The load at which normal cracks appeared in the material of the tensile zone was 

determined as follows: the strain gauge along which or near which the crack passed showed an abrupt 

increase in the relative tensile deformations.Figure 1 shows a general view of a prepared beam 

installed for testing to a testing machine. 

 

 
 

Figure 1 General view of the beam prepared for testing 

 

The average results for each series of tested rubcon bending elements with mixed reinforcement are 

presented in table 1.  

 
Table 1 Results for each series of tested rubber concrete beams 

 

Beams’ Cipher As, cm
2
 µ, % hf, mm Mcrc Mult Mcrc/Mult 

BRF-0 0 0,0 120 2,5 2,5 1,0 

BRF-8 0,503 0,8 120 2,11 3,78 0,6 

BRF-10 0,785 1,23 120 2,4 5,1 0,48 

BRF-12 1,131 1,8 120 2,45 6,77 0,36 

BRF-2х10 1,57 2,47 120 2,50 8,77 0,28 

BRF-2х12 2,26 3,55 120 2,51 11,28 0,22 

BRF-2х14 3,08 4,94 120 2,7 15,1 0,18 

BRR-0 0 0,0 0 1,9 1,9 1,0 

BRR-8 0,503 0,78 0 1,45 2,96 0,49 

BRR-10 0,785 1,26 0 1,48 4,28 0,35 

BRR-12 1,131 1,83 0 1,52 5,8 0,26 

BRR-2х10 1,57 2,52 0 1,76 7,82 0,23 

BRR-2х12 2,26 3,58 0 1,84 10,3 0,18 

BRR-2х14 3,08 4,93 0 1,86 14 0,13 

BRRF-0 0 0,0 90 2,3 2,3 1,0 

BRRF-8 0,503 0,8 90 1,95 3,67 0,6 

BRRF-12 1,131 1,78 90 2,2 6,3 0,37 

BRRF-2х12 2,26 3,52 90 2,3 10,87 0,21 

BRRF-2х14 3,08 4,98 90 2,5 14,8 0,17 

 

Note: µ - percentage of longitudinal reinforcement, hf - fiber reinforcement zone height (from the lower edge), 

Mcrc – cracking moment, Mult – breaking bending moment, Mcrc/Mult - relative level of cracking. 
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RESULTS AND DISCUSSION 

Graphs of the relationship between the cracking bending moment and the height of the fiber 

reinforcement layer are shown in figure 2. The cracking bending moments of the normal sections of 

rubcon (BRR), fiber rubcon (BRF), layered fiber rubcon (BRRF) bending elements in relation to the 

percentage of longitudinal reinforcement and comparison with bending moments of crack formation 

sections of reinforced concrete (BRC) bending elements are shown in Figure 3. 
 

 
 

Figure 2 Bending moments of crack formation of rubcon beams with mixed reinforcement in relation to the 

height of the fiber reinforcement layer 

 

 
Figure 3 Moments of crack formation of tested beams in relation to the percentage  

of longitudinal reinforcement 

 

It is important to note that in fig. 3 experimental beams without rod reinforcement are excluded, since 

they distort the overall picture of crack appearing of beams that collapse along the tensile zone. 

According to the results of testing rubcon beams with mixed reinforcement, it was found that the 

introduction of fiber only into the tensile zone most significantly increases the value of the crack 
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formation load compared to elements without dispersed reinforcement. Moreover, this method of 

reinforcing only the tensile zone in some test series had a similar effect on crack resistance, in 

comparison to beams with dispersed reinforcement over the entire cross-sectional area. It is also clear 

from the analysis of the graphs in figures 2 and 3 that the height of the fiber reinforcement zone has a 

similar effect on crack resistance with the percentage of longitudinal reinforcement. 

A comparison of the cracking moments of the fiber rubcon, rubcon bending elements and the layered 

fiber rubcon bending elements (figure 3) shows that the cracking moments of the fiber rubcons 

bending elements exceed the cracking moments of the rubcon and layered fiber rubcon bending 

elements. With a percentage of longitudinal reinforcement of 0.8% and a height of the fiber 

reinforcement layer of 120 mm, the cracking moments of the fiber rubcon bending elements exceed 

the cracking moments of rubcon bending elements with a percentage of longitudinal reinforcement of 

0.78% and the height of the layer of fiber reinforcement 0 mm by 1.12 times, and layered fiber-

reinforced elements with a percentage of longitudinal reinforcement of 0.8% and a layer height of 

fiber reinforcement of 90 mm, 1.08 times.  

With a percentage of longitudinal reinforcement of 4.94% and a fiber reinforcement layer height of 

120 mm, the cracking moments of the fiber rubcon bending elements exceed the cracking moments of 

rubcon bending elements with a percentage of longitudinal reinforcement of 4.93% and a fiber 

reinforcement layer height of 0 mm by 1.45 times, and layered fiber rubcon elements with a 

percentage of longitudinal reinforcement of 4.98% and a layer height of fiber reinforcement of 90 mm, 

1.08 times. In this case, the value of the load before the crack appearing on rubcon beams exceeds the 

load on the reinforced concrete beams up to 8 times, the value of the load before the crack on the fiber 

reinforced concrete beams exceeds the load on the reinforced concrete beams up to 12.5 times. 

The insignificant difference in the bending moments of fiber rubcon crack formation compared to the 

bending moments of the crack formation of the layered fiber rubcon beams is explained by the fact 

that the strength of the material of the tensile zone for both series of elements is almost the same, and, 

as can be seen from graphs 3, the effect of rod reinforcement on the value of the crack formation load 

is almost the same. The difference in the bending moments of the fiber rubcon crack formation 

compared to the bending moments of the rubcon beam cracking is explained by the fact that the tensile 

zone material strength for the fiber rubcon series of elements is higher than that of the rubcon series. 

An analysis of the graphs of the relationships between the cracking bending moments and the height of 

the fiber reinforcement layer (figure 2) shows that for small percentages of longitudinal reinforcement 

(for example, beams with μ = 0.8%), the relationship between the cracking bending moments and the 

height of the fiber reinforcement layer is linear. For beams with a percentage of longitudinal 

reinforcement µ = 4.95% with an increase in the height of the fiber reinforcement zone from 90 mm to 

120 mm, the cracking moment increases by 8.0%.  

Based on the above analysis, it can be said that fiber reinforcement of only the tensile zone can be 

used as reinforcement of rubcon structures with insignificant loss of bearing capacity until cracks are 

formed, this reinforcement method will reduce the consumption of dispersed reinforcement fibers 

while maintaining the necessary requirements for the thermal resistance of bending elements. 

However, this method of reinforcing increases the complexity of manufacturing a beam element. 

The increased crack resistance of rubcon bending elements compared with reinforced concrete is 

primarily due to the high strength and deformation of rubcon under tension. It is known that the 

structure of a reinforced concrete element has a sufficiently large number of defects and various 

inclusions, which play the role of stress concentrators and significantly affect the decrease in the 

strength of the material.  

The increased crack resistance of the bending fiber rubcon elements compared to the rubcon elements 

is explained by the increased strength and deformation of fiber rubcon due to the addition of dispersed 

reinforcement, which is well observed as a result of testing the rubcon and fiber rubcon beams. The 

bending moment of crack appearing of beams with dispersed reinforcement exceeds the bending 

moment of crack appearing of beams without dispersed reinforcement by an average of 1.47 times. 
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Relationships between the relative level of crack resistance in a normal section and the percentage of 

longitudinal reinforcement µ are presented in fig 4. 

 

 
Figure 4 Relationship between the relative level of crack resistance of normal sections of rubcon beams  

 with mixed reinforcement and the percentage of longitudinal reinforcement  

 

The results of experimental studies show that with an increase in the percentage of longitudinal 

reinforcement, the effect of increasing crack resistance decreases. This is explained by the fact that 

with a high percentage of longitudinal reinforcement, a significant part of the force at the time of crack 

appearing is perceived by the reinforcement and only a small fraction of the load is transferred to the 

manufacturing material of the beam, in addition, with an increase in the percentage of longitudinal 

reinforcement, the amount of polymer concrete in the tensile zone decreases. 

The number of normal cracks at the entire loading stage, up to failure, in rubcon beams with mixed 

reinforcement is significantly less than in reinforced concrete beams. According to the test data, the 

number of cracks in the fiber rubcon beams is varied from 1 to 10, in rubcon beams, it’s varied from 1 

to 10, in the layered fiber rubcon beams, it’s varied from 1 to 9, and in reinforced concrete beams, 

from 6 to 9 and distributed along the entire length of the beams. 

The conducted experimental studies allowed us to determine three stages of the formation of normal 

cracks in rubcon bending elements with mixed reinforcement. The first stage is characterized by a 

violation of the regularity of the distribution of deformations in the material of the tensed plane — 

deformations in the place where cracks subsequently form, increase more intensively than in 

neighboring sections.  

The second stage is associated with the formation of cracks in these sections. In this case, 

deformations in the reinforcing bar and in the extreme tensile fiber explosively increase. The height of 

the compressed zone is reduced. At the third stage, with increasing load, cracks develop along the 

section height. In this case, new cracks form in neighboring sections up to the destruction of the 

element. 

Based on the foregoing, it can be said that the longitudinal reinforcement is more influenced by the 

crack opening width, and the height of the dispersed reinforcement zone has a greater effect on the 

moment of crack formation and the ―behavior‖ of cracks under load. 

 

CONCLUSION  

It is worth noting that the process of normal cracking in fiber rubcon beams is associated with 

reaching the tensile strength of the fiber rubcon, with a further increase in the load, smooth crack 

opening occurs, up to the destruction, the extension of metal cord filaments from the body of rubcon 

does not occur. 
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The process of formation of normal cracks in rubcon beams is associated with reaching the tensile 

strength of rubcon, with a further increase in load, crack opening occurs more sharply due to the 

absence of dispersed reinforcement. 

 

The addition of fiber increases the value of the bending moment of cracking by 35 - 58% in the 

bending element, thereby increasing the percentage of utilization of the bearing capacity without the 

formation of normal cracks. What is an essential parameter when using structures with increased crack 

resistance requirements. 

The cracking bending moment in rubcon beams exceeds the bending moment in reinforced concrete 

beams up to 8 times. 

The cracking bending momentin fiber-reinforced concrete beams exceeds the bending moment in 

reinforced concrete beams up to 12.5 times. 

Based on the studies, fiber rubcon beams are recommended as bending structures with increased crack 

resistance requirements.  

 
(Received February 2020, accepted February 2020) 

 

REFERENCES 

 
[1]  Figovsky, O. (2005). New polymeric matrix for durable concrete. Proceedings of the International 

Conference on Cement Combinations for Durable Concrete, pp. 269-276.  

[2] Figovsky, O., Beilin, D., Blank, N. et al. (1996). Development of polymer concrete with polybutadiene 

matrix Cement and Concrete Composites, Vol. 18, №6, pp. 437-444.  

[3] Potapov, Yu., Polikutin, A., Perekal’skiy, O., Levchenko, A. (2019). The stress-strain state of normal 

sections rubcon bending elements with mixed reinforcement. Advances in Intelligent Systems and 

Computing, №983, doi: 10.1007/978-3-030-19868-8. 

[4] Polikutin, A. E. (2002). Strength and crack resistance of inclined sections of bending elements of building 

structures from Rubcon. Dis. PhD of tech. science. (in Russian). 

[5] Potapov, Y., Polikutin, A., Panfilov, D., et al. (2016). Comparative analysis of strength and crack 

resistance of normal sections of bent elements of T-sections made of rubber concrete, cauton 

reinforcement and concrete.MATEC Web of Conferences, №73, 

  https://doi.org/10.1051/matecconf/20167304018   

[6] Nguyen, P. D. (2010). Double-layered, rubcon-concrete bending elements of building structures. Dis. 

PhD of tech. science. (in Russian). 

[7] Pinaev, S. A. et al (2018). Application of Polymer-cement Corrosion Protection for Different Strength 

Concrete of Reinforced Concrete Elements. IOP Conference Series: Materials Science and Engineering, 

№463, https://doi.org/10.1088/1757-899X/463/3/032012. 

[8] Potapov, Y. B., Pinaev, S. A., Arakelyan, A. A., et al. (2016).Polymer-cement material for corrosion 

protection of reinforced concrete elements, Solid state phenomena, №871. pp. 104-109. 

[9] Grace, N. F., Soliman, A. K., Sayed, G. A., et al. (1998).Behavior and Ductility of Simple and 

Continuous FRP Reinforced Beams. ASCE Journal of composites for construction, №2, pp. 186–194. 

[10] Grace, N. F., Sayed, G. A., Soliman, A. K., et al. (1999). Strengthening Reinforced Concrete Beams 

Using Fiber Reinforced Polymer (FRP) Laminates. ACI Structural journal, pp. 865-875. 

[11] Song, P.S., Wang, S. H. (2004).Mechanical properties of high-strength steel fiber-reinforced concrete. 

Construction and Building Materials, Vol. 18,№9, pp. 669-673. 

[12] Swamy, R. N., Sa’ad, A. AI-Ta’an (1981). Deformation and Ultimate Strength in Flexure of Reinforced 

Concrete Beams Made with Steel Fiber Concrete. Journal Proceedings, №78, pp. 395-405. 

[13] Polikutin, A., Potapov, Y., Levchenko, A. (2019). Deformability of rubcon and fibrorubcon beams. 

Archives forTechnical Sciences, Vol. 20, №1, pp 25-32.DOI: 10.7251/afts.2019.1121.025P 

[14] Travush, V. I., Konin, D.V., Krylov, A.S. (2018). Strength of reinforced concrete beams of high-

performance concrete and fiber reinforced concrete. Bulletin of Civil Engineering, №1, pp. 90-100. 

[15] Korneev, A. M., Buzina, O. P., Suhanov, A.V. (2016).  Deterministic mathematical model and algorithm 

for analysis of stress-strain state of bending elements with discrete fibers. Modern Scientific 

Technologies, №9, pp. 57-62. 

 

https://doi.org/10.1051/matecconf/20167304018
https://www.scopus.com/authid/detail.uri?authorId=6602647191&amp;eid=2-s2.0-85047358748

