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Abstract. Because polymer-composite reinforcements are a new material 

in construction, the possibilities of their use in load-bearing structures, 

including concrete beams, are somewhat limited by existing regulations. 

The research work implemented in this article is to study their strength and 

stiffness in cases where steel reinforcement is in the tensile zone and 

composite polymer reinforcement is in the compressive zone of concrete. 

Concrete beams with combined reinforcement are the object of the study, 

and the study of the stress-deformation state is its subject. The behavior of 

concrete beams with combined reinforcement under static load was 

studied. Considering the nonlinear properties of materials in the finite 

element method, their stress-strain states were investigated. A 3D beam 

model was created using the ANSYS Workbench 2022R1, and 3 series of 

samples were chosen and compared with hand calculations. The behavior 

of concrete beams with metal and composite reinforcement was carried out 

using numerical analysis. Also, the study's results show that the role of the 

reinforcement installed in the compressive zone of the beam is better than 

the performance of the beam without the reinforcement installed in the 

compressive zone. Although the failure starts with the rebar in the tensile 

zone, the rebar installation in the compression zone shows an increase in 

the bearing capacity and stiffness of the beam. 

1 Introduction 

In recent years, the increased need for metals in construction has led to tasks such as saving 

them and finding and searching for alternatives. Because their reserves are also decreasing, 

and at the same time, reserves are limited. Replacing steel reinforcement with alternative 

options in construction requires special attention nowadays. Today, there are also 

opportunities to reduce steel consumption by using composite polymer reinforcements in 

concrete structures instead [1, 4]. Based on ShNQ 2.03.14-18 (Uzbekistan), there are 

certain restrictions on using composite polymer reinforcements in load-bearing structures, 

mainly due to their low elastic modulus and fragility. For this purpose, we researched 

reducing steel rebar by using composite polymer reinforcement instead of steel 

reinforcement in the compression zone while keeping the steel reinforcement located in the 

tensile zone in the concrete beam. 
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Because the performance of composite polymer reinforcements differs from steel, 

concrete beams with combined reinforcements were experimentally studied. As we know, 

the stress-strain behavior of steel under load obeys Hooke's law and has characteristics such 

as yield strength and ultimate strength. However, the yield strength is almost unobserved in 

composite polymer reinforcements; their diagram remains linear before rupture. In the 

research presented in this article, basalt composite reinforcements were used as composite 

polymer reinforcements together with steel for concrete beams [2, 5]. 

Nevertheless, FRPs exhibited brittle behavior and were charаcterized by their lineаr-

elаstic stress-strаin response without аny obvious yield point. Therefore, FRP bаrs do not 

appear ductile like steel reinforcing bars. Furthermore, there is аnother drаwback wаs 

pointed through structural engineering viewpoint such аs low modulus of elasticity and low 

shear strength which cause limited application for FRP bars; consequently, concrete beаms 

reinforced with FRP bars show linear-elastic behavior up to failure without display any 

yield and their final failure is characterized as brittle whether it happens due to FRP rupture 

or due to concrete crushing; while the latter one can be considered as more advisable for 

RC flexural structural elements with FRPs [2,7,8]. 

We know that basalt fiber reinforcements have several advantages over steel. Basalt 

bars are less than about 25% the weight of steel rebar, greater than twice the tensile strength 

of steel, is electrically non-conductive, non-magnetic, insulates against thermal transfer, 

and of the same thermal coefficient expansion as concrete [1,4,9,12,13]. It should be noted 

that the data obtained from the results of experimental research are important and widely 

used in calculating concrete structures. There are also some negative aspects of those 

studies, including the fact that they require a lot of work, the costs increase due to many 

tests, and the presence of aspects such as the need for a long period. 

Recently, a lot of experimental research has been conducted to investigate the behavior 

of concrete beams reinforced with FRP beams. Particularly for FRP, It has been reported 

that FRP-reinforced beams experience higher deflections and larger crack widths when 

compared to traditionally reinforced beams with steel bars [9,10,15,21]. In addition, low 

post-cracking and flexural stiffness have been exhibited with these beams. This is due to the 

low modulus of elasticity FRP which can be concluded that the behavior of reinforced 

concrete beams reinforced with FRP bars under different types of loads needs to investigate 

with analytical, experimental, and numerical research. 

One of the most convenient methods for studying them and analyzing the performance 

of structures under load is the finite element method. Modeling structure using the finite 

element method allows determining the state of stress-deformability, considering both 

geometrically complex structures and nonlinear properties of materials. The main goal of 

our research is to determine the value of the destructive force and deflection, the load-

bearing capacity of combined reinforced concrete beams, and to study the stress-strain 

states under the load with reliable results based on scientific research. The analysis of 

combined reinforced concrete beam was modeled using ANSYS Workbench 2022R1 

nonlineаr finite element softwаre. Model components received throughout the current 

study, corresponding FE representаtion, and corresponding elements designаtion in ANSYS 

are considered the nonlinear constitutive law of each material was also implemented in the 

model. 

The results were compared with the values based on hand calculations and experimental 

studies, and important practical scientific results were obtained. 

2 Methods 

In order to accurately modeling all components of the concrete beam, steel bars, BFRP 

bars, and stirrups were considered and simulated properly. Meanwhile, material properties, 
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nonlinear boundary conditions, and element meshing were concentrated inbuilt the model 

to get accurate results. The simulated models have been used as the experimental model of 

concrete beams. Every reinforced concrete specimen has the same amount of 

reinforcement, a diameter of bars, and grades of concrete compressive strength except 

Series 1. 

The purpose of the research work is to determine the stress-strain state of concrete 

beams with combined reinforcement. A total of 3 series of samples were modeled in 

ANSYS. Results were also compared with regular steel reinforcement beams to study the 

stress-strain state of combined reinforced beams. It should be noted that only steel 

reinforcement is used in this case. The geometric dimensions of the beam and used 

reinforcement bars are shown in Table 1. 

Table 1. The dimensions of the samples selected for the experiment and  

the parameters of the reinforcement bars 

Samples 
Sample dimensions, mm 

Effective 

length, 

mm 

Rebar in 

tension 

Rebar in 

compression 
Length Height Width 

Series 1 

1500 180 120 1440 

2Ø12 A400 - 

Series 2 2Ø12 A400 2Ø8 A400 

Series 3 2Ø12 A400 2Ø8 BFRP 

 

For Series 1, 2Ø12 A400 rebars were used in the tensile zone of the beam; for Series 2, 

2Ø12 A400 in the tensile zone and 2Ø8 A400 in the compressive zone, for Series 3, 2Ø12 

A400 in the tensile zone and 2Ø8 BFRP rebars were used in the compressive zone. 

 

Fig. 1. 3D view and cross-section of beam 
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All beams were tested under four-point bending over a simply supported clear span of 1500 

mm. The distributive girders were used to apply symmetric and simultaneous load at two 

loading points, forming a pure bending section in the midspan of the test beam. The loading 

pattern of the beam is shown in Fig. 1, and the reinforcement cage is presented in Fig. 2. 

 

Fig. 2. Reinforcement cage of beam for Series 3 

 

3-D eight-node CPT215 function was used for modeling in ANSYS 2022R1 software, 

taking into account the nonlinear properties of all materials are shown in Fig. 3. Nonlinear 

properties of concrete were determined using the Drucker-Prager method, Table 2. 

Table 2. Drucker-Prager model for nonlinear properties of concrete 

Parameter Symbol Value Units 

Modulus of elasticity E 21019 MPa 

Poisson's ratio μ 0.2  

Uniaxial compressive strength fuc 20 MPa 

Biaxial compressive strength fbc 23 MPa 

Uniaxial tensile strength fut 1.81 MPa 

Tension cap hardening factor Rt 1 - 

Hardening parameter D 30000 MPa2 

Compression cap location c
v -15.33 MPa 

Compression cap shape R 2 - 

Threshold for tension damage t0 0 - 

Threshold for compression damage c0 0.00002 - 

Tension damage parameter t 3000 - 

Compression damage parameter c 2000 - 

Nonlocal interaction range parameter c 1600 mm2 

Over nonlocal parameter m 2.5 - 
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Fig. 3. CPT215 Structural Solid Geometry 

In Table 3, both steel and BFRP rebar parameters are shown. For the tension zone of 

concrete A400 steel rebar, for compression, is BFRP bar is used.  

Table 3. Characteristics of Steel and BFRP rebars 

A400 steel grade parameters BFRP parameters 

Parameter Value Units Parameter Value Units 

Modulus of elasticity 200000 MPa 
Modulus of 

elasticity 
50000 MPa 

Poisson's ratio 0.3 - Poisson's ratio 0.22 - 

Tensile yield strength 365 MPa 
Tensile yield 

strength 
- - 

Compressive yield 

strength 
365 MPa 

Compressive 

yield strength 
- - 

Tensile ultimate 

strength 
590 MPa 

Tensile ultimate 

strength 
550 MPa 

Compressive ultimate 

strength 
400 MPa 

Compressive 

ultimate strength 
200 MPa 

 

3 Results and discussion 

According to the results, stresses and deflections in concrete and reinforcement were 

determined in all 3 series of samples. When the applied load is 45 kN for series 1, tensile 

rebar reaches its yield strength s=Rs=365 MPa, as shown in Fig. 4. The failure of the beam 

begins in the tensile zone, and the stresses of concrete in the compressive zone reach their 

maximum value at the point of loading which are equal to 14.76 MPa, Fig. 5. 
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Fig. 4. Variation ranges of rebar stresses for Series 1, MPa 

 

Fig. 5. Variation ranges of concrete stresses for Series 1, MPa 

In Series 2 specimens, when subjected to a load of 50.8 kN, the stress in the reinforcement 

in the tensile zone reached the yield point, Figure 6. At the same time, failure of concrete in 

the tensile zone was observed. As a result of the installation of reinforcement in the 

compressive zone, the stresses of concrete in the compressive zone do not reach its limit 

strength b=2.42 MPa, Fig. 7. The stress in the steel reinforcement in the compressive zone 

reached s=83.029 MPa. It was observed that the strength of the concrete and rebar in the 

compressive zone was not used sufficiently because the failure started in the tensile zone. 

 

Fig. 6. Variation ranges of rebar stresses for Series 2, MPa 
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Fig. 7. Variation ranges of concrete stresses for Series 2, MPa 

For Series 3, basalt composite reinforcement was placed in the compression zone and steel 

reinforcement in the tensile zone of the beam, and when it was subjected to an external load 

of 53 kN, it was found that the tensile rebar strength reached its yield point, Fig. 8. When 

the formation of concrete cracks in the tensile zone, BFRP stress in the compressive zone is 

equal to s=44.04 MPa. Concrete stresses in the compressive zone were much smaller than 

their limit value (4.018 MPa), as shown in Fig. 9. 
 

 

Fig. 8. Variation ranges of rebar stresses for Series 2, MPa 

 

Fig. 9. Variation ranges of concrete stresses for Series 3, MPa 
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When a load is applied to the sample, the relationship interaction between load and 

deflection is manifested in a nonlinear curve depending on the properties of the concrete. 

As the percentage of reinforcement was normal, failure in all cases was characterized by 

reaching the yield strength of the rebar in the tensile zone and increasing stresses in the 

concrete and reinforcement bars in the compressive zone. 

The load-deflection diagram for Series 1 is shown in Fig. 10 and compares 

experimental, theoretical, and ANSYS results to each other. Based on the diagram, it can be 

said that the value of the destructive force of the beam reaches the highest value as a result 

of the experiment, that is, 45.7 kN and the deflection is also the largest value in the 

experimental study, which is f=6.08 mm, Fig. 10. The deflection limit value for the samples 

is fult=l0/150=9.6 mm. 

 

 

Fig. 10. Load-deflection curve for Series 1 

In series 2, destructive force in ANSYS has the highest value of 50.8 kN, and deflection is 

3.84 mm. As a result of the experiment, mid-span deflection is equal to 6.08 mm, which is 

the maximum value of Series 2 samples. In hand calculation, the maximum force is the 

smallest value (46.29 kN). The fact that the experimental line is in the middle of the other 

two results can be analyzed by looking at the diagram in Fig. 11. 
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Fig. 11. Load-deflection curve for Series 2 

Figure 12 shows the load-deflection diagram of Series 3 specimens, where the destructive 

force value obtained in ANSYS was 54 kN with a beam deflection of 4.38 mm. In the hand 

calculation, the maximum force value was the smallest, equal to 45.31 kN, and the 

deflection was 5.89 mm. It can be seen that the value obtained from the experiment is 

between the theoretical and the finite element line, and in this case, the mid-span deflection 

reaches its maximum value according to the diagram (6.31 mm). 

 

 

Fig. 12. Load-deflection curve for Series 3 
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4 Conclusions 

In this article, the results were obtained by finite element modeling considering the 

nonlinear properties of concrete beams with combined reinforcement. The general 

conclusion of this study is outlined below. 

1. In the case of an unreinforced compression zone, the strength of the tensile 

reinforcement bar and concrete is fully used, but it can be seen that its load-bearing 

capacity is lower than that of beams with compression zone reinforcement. The stresses 

generated in the concrete in the compressive zone are equal to b=14.76 MPa for Series 1, 

b=2.42 MPa for Series 2, and b=4.018 MPa for Series 3. Rebar stresses in the 

compressive zone are s=83.029 MPa for Series 2 and s=44.04 MPa for Series 3. The 

value of the destructive force in the samples of Series 3 is 7.5% higher than that of the 

samples of Series 2, while the mid-span deflection is greater than that of Series 2 due to the 

higher value of the destructive force of Series 3. 

2. Structural reinforcement bar installed in the compression zone, which is not 

considered in theoretical calculations, increases the strength of the structure by 12-18% due 

to the finite element method and experimental testing. 

3. Using BFRP bar instead of steel reinforcement in the compressive zone increases the 

load-bearing capacity of the beam, saves steel consumption, and reduces the cost of the 

structure. 
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