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ABSTRACT 

In the last few decades, Fiber-Reinforced Polymers (FRP) bars have emerged as 

alternatives to conventional steel reinforcing bars to overcome the corrosion problem 

found in reinforced concrete structures. Fiber Reinforced polymer (FRP) is a new 

material, so it is necessary to identify the differences and limitations of their use in the 

concrete structures in relation to traditional steel reinforcement of concrete structures. 

Numerous studies have been conducted in order to evaluate the bond between FRP bars 

and concrete. This paper presents the test results of a study on the bond behavior of 

simply supported beams under flexure, reinforced with FRP bars (BFRP and GFRP) 

compared to the reference beam with steel reinforcement. The tested beams were made 

of C 40 concrete and reinforced with bars with 10 mm diameter having and tensile 

strength evaluated from the tensile tests. The analysis of the beam deflection behavior 

has been presented. The results show the different character of the load-deflection 

relationship of FRP reinforced beams compared to traditionally steel reinforced beams.  
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1. Introduction: 

 

Steel is being used as a reinforcing material in the construction industry for more 

than a century. However, Deterioration of RC structures due to corrosion of reinforcing 

steel bars is a major concern [1]. Increasing concrete cover or reducing the permeability 

of concrete by adding pozzolanic materials, protects the steel bars against corrosion. 

However, as the cracks develop on the surface of RC structures, they are exposed to 

oxygen and humidity which causes corrosion and deterioration. Many steel-RC 

structures such as bridges, parking garages and marine structures are exposed to harsh 

environments including deicing salts, freeze-thaw cycles and wet-dry cycles. Such 

aggressive environments accelerate the steel-corrosion process due to the accumulation 

of chloride ions. The use of corrosion resistant material seems to be the only effective 

alternative. The corrosion problem of steel bar is the greatest factor in limiting the life 

expectancy of RC structures.  Many environmental conditions accelerate the corrosion 

process of steel bar; thereby resulting in steady deterioration that decreases the life 

expectancy of these structures. Several measures have been adopted, to enhance the 

corrosion resistivity of steel such as epoxy coating of steel, use of stainless steel (low 
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carbon steel) and galvanization of steel bars. Despite the application of these measures, 

none of them is successful in completely eliminating the corrosion, in recent years, 

considerable efforts have been made to apply FRP composites in the construction 

industry, and recently, structural applications of FRP composites started to appear in 

civil infrastructure systems [2].  FRP composite materials have been used as internal and 

external reinforcement as a replacement of steel in the field of civil engineering 

constructions [3]. Considerable research efforts have contributed to the understanding of 

concrete members internally reinforced with FRP bars [4]. These efforts, greatly 

improving our knowledge of how concrete members Reinforced with FRP bars should 

be analyzed and designed in flexure. In recent years, significant research efforts have 

shown that FRP materials can be effectively used to reinforce RC structures [5-9].  

Normal FRP reinforcements are usually manufactured using Pultruded fibres (carbon, 

glass and aramid) bound together with a resin matrix. A new type of material (basalt 

fibres) has been used to produce basalt fibre-reinforced polymer (BFRP). With the 

higher mechanical performance, especially chemical resistance (compared with GFRP 

bars), and lower price (than CFRP bars). The main Advantages and disadvantages of 

FRP reinforcement against steel are shown in Table (1) [10-11]. 

 

Table-1. Main advantages and disadvantages of FRP reinforcement 
 

Advantages of FRP reinforcement   Disadvantages of  FRP  reinforcement 

High longitudinal tensile strength (varies with 

sign and direction of loading relative to fibers) 

Low  modulus  of  elasticity  (varies  with  type  

of reinforcing fiber) 

Lightweight (about 1/5 to 1/4 the density of 

steel) 

Low transverse strength (varies with sign and  

direction of loading relative to fibers) 

Nonmagnetic No yielding before brittle rupture 

Corrosion resistance  Low durability in a moist environment 

Low  thermal  and  electric  conductivity   May be susceptible to fire depending on matrix 

type and concrete cover thickness 

 

In the previous years, there have been several achievements worldwide from studies 

of FRP bars’ basic mechanical properties, and FRP bar-reinforced concrete’s structural 

properties, bond properties and anchorage techniques, durability and ductility. These 

studies include bond mechanism of FRP rebars to concrete [12], stress properties and 

failure mode for FRP bar-reinforced concrete beams [13-14], experimental studies of 

beam shear capacities [15-16], studies of anchorage length and strength of FRP bars [17-

18], predicting the bond strength of glass fibre-reinforced polymer (GFRP) bars in 

concrete with artificial neural network and genetic programming [19], and studies of the 

properties of mixed FRP reinforcement (mixed with different fibres) [20]. In recent 

years, studies on concrete beams reinforced with basalt FRP bars have been the focus 

for some researchers [21-26].   
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The main objectives of this study are investigate and to better understand the behavior of 

FRP bars for concrete beams compared to steel bars under flexural loading through an 

experimental and numerical programs. As well as Provide recommendations and 

guidelines for the designers and researchers regarding the analysis and design of FRP 

reinforced beams. 

 

2. Research Program: 

 

2.1. Specifications of Test Specimens 

The research program contained a bending test of one model beams with bottom reinforcement 

made of BFRP bars and one model beams with bottom reinforcement made of GFRP bars, for 

comparison, a bending test of one simply supported reference beams with a traditional bottom 

reinforcement made of in the form of a traditional bottom steel bars. All cast beams have the same 

Reinforcement consisted of two reinforcing bars with a diameter of 10 mm. All beams had a 

rectangular cross section of 150 x 300 mm. The total length and effective span of each beam was 

1600 and 1500 mm respectively.in all the beams steel stirrups for shear having a diameter of 8 

mm have been provided. Top reinforcement in all tested beams consisted of two steel bars with a 

diameter of 10 mm. 

 

2.2. Material Properties: 

 

A normal weight ready mixed concrete was used to cast the test specimens. The target 28-day 

concrete compressive strength was 40 MPa with a maximum aggregate size of 20 mm. Table (2) 

shown the Concrete mix proportions. 

 

Table 2: Concrete mix proportions 

fcu 

 

(MPa) 

Cement 

 

( kg/m
3
) 

Coarse 

Aggregate 

( kg/m
3
) 

Fine 

Aggregate 

( kg/m
3
) 

Water    

( kg/m
3
) 

Basef 

Superplasticizer 

(Lts /m
3
) 

40 450 1130 650 188 8 

 

Deformed steel bars were used for the steel-RC specimen, whereas for the BFRP-RC specimen, 

BFRP bars and for the GFRP-RC specimen, GFRP bars were used as longitudinal reinforcement. 

The mechanical properties of the used steel and FRP bars were obtained through tensile tests 

Table (3) provides the mechanical properties of the steel and FRP reinforcement used in this 

study. 
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Table 3: Mechanical properties of reinforcing bars 

Bar size 

(mm) 

Modulus of elasticity 

(MPa.  ) 

Tensile strength 

(Mpa ) 

Ultimate strain 

(%) 

10      Steel 200,000 732.5 0.23 

10    BFRP 82,000 940 1.38 

10    GFRP 37,000 550 2.18 

 

 

2.3 Test Setup, Instrumentation and Loading: 

 

The beams were tested under one-point bending load, as shown in Figure (1).  The 

load was applied through a 1000 KN MTS actuator at a stroke-controlled rate of 1.2 

mm/min. Figure 1 provides a schematic illustration of the test setup. The displacement 

was monitored with three linear variable differential transformers (LVDTs); one was 

placed at the midspan and two were placed at quarter- span from left and right side. 

During the test, the beam cracking patterns were marked visually, and their 

corresponding loads were recorded. Two electrical resistance strain gauges (6 mm and 

60 mm) were used to measure the strains in bars and concrete respectively. The tests 

were conducted in the structural engineering faculty of the Civil Engineering 

Laboratories in faculty of Engineering El-Materia, HELWAN UNIVERSITY.  

 

 

Figure (1): Test Setup and Beams under Testing. 

 

 

3. Results and Discussion 

 

3.1. Cracks Pattern and Failure Mode: 

 

As shown in Figure (2) through Figure (4), all tested beams failed in flexure. 

During testing, the cracks started with initial cracks in the middle of the constant 

moment zone of the beam. As loading increased, more cracks at moment region were 
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formed and cracks became wider and increased in length towards the compression zone. 

Cracks at moment region continued to widen as the load increased causing 

flexural failure. Failure occurred due to Longitudinal splitting of the concrete around 

the bars occurs due to the radial forces of the bar ribs or surface deformation. The radial 

forces cause circumferential tensile stresses in the concrete surrounding the bar. Then, 

the cracks occur at the locations with the thinnest concrete cover around the bars as 

shown in Figure (5). We can see also the cracks symmetrical and distributed uniformly. 

As well as it is noticed that Using FRP bars instead of steel bars in RC beams reduced 

the cracks, width and spreading. 
 

 
Figure (2): Cracks for Beam (S-0-0) at Failure    

 

Figure (3): Cracks for Beam (B-0-0) at Failure  

   

Figure (4): Cracks for Beam (G-0-0) at Failure    
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Figure (5): Typical Splitting Failure of Concrete in the Tension Zone 

 

 

3.2. Deflection Response 

 

Table 4 presents the results of experimentally obtained of the tested BFRP and 

GFRP beams compared to the reference beam with steel reinforcement. 
 

            Table (4): Comparing Results of beams (B-0-0), (G-0-0) and (S-0-0) 

 

Beam 

Reinforcement 

Type 

Pmax 

(KN) 

∆max 

(mm) 

Failure 

Type 

S-0-0 Steel 44.20 14.25  

Flexure B-0-0 BFRP 40.60 10.18 

G-0-0 GFRP 30.90 16.43 

 

 From Figure (6) and Table (4) by Comparing Results of beams [(B-0-0) reinforced 

with BFRP bars] and [(G-0-0) reinforced with GFRP bars] with control beam [(S-0-0) 

reinforced with Steel bars]. It was found that: 

 Load carrying capacity of tested beam (B-0-0) is decreased with percentage 

8.14% than control beam (S-0-0). And its deflection decreased with 

percentage 28.56%. 

 Load carrying capacity of tested beam (G-0-0) is decreased with percentage 

30.10% than control beam (S-0-0). While its deflection increased with 

percentage 15.30%.  

 

     It was noted that load capacity for tested beams reinforced with FRP bars were lower 

than the carrying capacity of beams with conventional steel reinforcement. But 

at the same load, its deflection was higher. Similar annotations were found by [27-28]. 
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Figure (6): Load-Deflection Curves of tested beams  

 

Comparing results of beams (B-0-0) and (G-0-0) with control beam (S-0-0) are shown in 

Figure (7) and Table (5) and it was found that: 

 

 Post crack Stiffness, ductility index, and absorbed energy of beam (B-0-0) decreased 

with percentage 31.8 %, 41.57%, and 36.42% respectively than control beam (S-0-0). 

But initial crack Stiffness of (B-0-0) increased with percentage 4.81 % than control 

beam (S-0-0). 

 Initial crack Stiffness, Post crack Stiffness, and absorbed energy of beam (G-0-0) 

decreased with percentage 16.74 %, 60.33%, and 29.79% respectively than control 

beam (S-0-0). But ductility index of (G-0-0) increased with percentage 52.83 % than 

control beam (S-0-0). 

Table (5): Stiffness, Ductility Index and Absorbed Energy of tested Beams  

 

Beam 

Reinforcement 

Type 

Initial crack 

stiffness 

(KN/mm) 

Post crack 

stiffness 

(KN/mm) 

Ductility 

Index (µd) 

% 

Absorbed 

Energy 

(kN.mm) 

S-0-0 Steel 12.264 6.829 18.93 568.461 

B-0-0 BFRP 12.854 4.658 11.06 361.405 

G-0-0 GFRP 10.211 2.709 28.93 399.114 
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                             Figure (7): Stiffness, Ductility Index and Absorbed Energy of Tested Beams 

 

4. Finite Elements Analysis: 

 

A finite element method FEM was used to simulate the behaviour of beams tested 

experimentally. ANSYS (14.5) software package was used to conduct the 

numerical modelling and analyses. 

4.1 Materials Modelling 

 

 Proper material models are needed to obtain accurate analysis. SOLID65 element requires 

linear isotropic and multi-linear isotropic material properties to properly model concrete.  

 LINK180 element is used for FRP rebar and steel reinforcement in the beams and it 

requires linear isotropic and Bilinear Isotropic material properties, SOLID 185 element is 

used to model the loading and support plates to avoid stress concentration and it requires 

linear isotropic material properties. 

 

4.2. Model Geometry 
 

Figure (8) illustrates the geometry of the FE model of the RC beams. 3D 

isoperimetric element with 16 nodes was used to simulate the beams. Each node 

has three degrees of freedom translate in x, y and z directions. 
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Figure (8): Geometry of the FE beam model. 

4.3 FEA results and discussion: 

 

The numerical load deflection curves were compared with that of experimental tests for 

all specimens as shown in Figure (9). The comparisons showed a good agreement 

between numerical and experimental load-deflection curves. The numerical ultimate 

loads were slightly higher than that of experimental results. This is probably due to: The 

bond between the concrete and steel reinforcing is assumed to be perfect (no slip) in the 

finite element analyses, but for the actual beams the assumption would not be true slip 

occurs. 

    

 

Figure (9): Comparison between Experimental and FE Model.  
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5. Conclusion: 

 

The following conclusions can be drawn from conducted experimental and 

Analytical studies: 

 It was noted that ultimate load for tested beams reinforced with BFRP and GFRP bars 

were equal to 40.60kN and 30.90 KN respectively. Compared to 44.20 KN for beam with 

steel reinforcement and were on average 8.14% and 30.10% lower respectively. Because 

of Low durability of FRP bars. 

 At the same load, it can be seen the increased beam deflections with BFRP and GFRP 

reinforcement, compared to the steel bars reinforced beam. The reason for the larger 

values is a lower modulus of elasticity of FRP bars compared to steel bars. 

 The results of the finite element models using the ANSYS program showed good 

agreements with experimental results in terms of load deflection curve, ultimate load. 
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