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Abstract 

In this study, the behavior of reinforced concrete beams reinforced with FRP bars was investigated. A total of seventeen 

models were carried out based on the finite element software (ABAQUS). The concrete damage plasticity modeling was 

considered. Two types of fiber polymer bars, CFRP and GFRP as longitudinal reinforcement for concrete beam were used. 

The validation of numerical results was confirmed by experimental results, then the parametric study was conducted to 

evaluate the effect of change in different parameters, such as (diameter size, number of bars), type of FRP bars, longitudinal 

arrangement for FRP bars. All results were analyzed and discussed through, load-deflection diagram, according, to the 

difference parameter considered. The results showed that the use of FRP bars in rebar concrete beam improves the beam 

stiffness and enhance the cracking load. The load capacity enhanced in the range of (7.88-64.82%) when used CFRP bars. 

The load-carrying capacity of beams strengthened with CFRP is higher than that of strengthened with GFRP. Furthermore, 

the use of FRP bars in bottom and steel in top reinforcement is useful to overcome the large deflection, and improving the 

beam ductility. Finally, the results of finite element models were compared with the prediction equation, according to 

ACI440.1R-15. 
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1. Introduction 

The use of modern Fiber Reinforced Polymer (FRP) bars for reinforcing and repair structural member (columns, 

beams, deep beams, and slabs), has been rapidly increased within the past few years. The durability of the reinforced 

concrete element is a major concern due to the corrosion of steel reinforcement in concrete structures exposed to de-

icing salts and marine environments [1, 2]. However, Deficit of mechanical strength of reinforced concrete structures 

and poor bond behavior between steel and concrete are often caused by the corrosion of steel reinforcement. In addition 

to a high level of durability and fatigue durability, FRP reinforcing bars have a high strength-to-weight ratio, which 

creates an attractive choice as reinforcement for concrete structures [3]. The most commonly used in infrastructure and 

commercially available FRP bars types are included, Carbon fiber reinforced polymer (CFRP), Aramid fiber reinforced 

polymer (AFRP), Glass fiber reinforced polymer (GFRP) and Basalt fiber reinforced polymer (BFRP). Every type of 

bars has been different in mechanical properties, physical appearance, and surface configuration. Moreover, FRPs can 

be produced as bars, ropes, tendons, and grids [4].  
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Furthermore, There are many forms of FRP applications, using for strengthening structure, as an external bond, such 

as FRP sheets and plates which attaching them, to the structure using epoxy or vinyl-ester resin or internally as 

discontinuous FRP fibers mixed with the concrete, or using near surface mounted technique (NSM) for FRP [5, 6]. 

Nevertheless, FRPs exhibited brittle behavior and were characterized by their linear-elastic stress-strain response 

without any obvious yield point. Therefore, FRP bars do not appear ductile like steel reinforcing bars [7]. Furthermore, 

there is another drawback was pointed through structural engineering viewpoint such as low modulus of elasticity and 

low shear strength which cause, limited application for FRP bars, consequently, concrete beams reinforced with FRP 

bars show linear-elastic behavior up to failure without display any yield and their final failure is characterized as brittle 

whether 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 [7, 8]. 

On the other hand, the experimental study conducted in related research, have demonstrated that the longitudinal 

reinforced beam with carbon and glass FRP and without stirrups have been reduced in shear strength when compared 

those beam reinforced with same amounts of steel reinforcement [7]. This fact is clear support the relatively low modulus 

of elasticity of FRP bars. The study also revealed that the axial stiffness of the reinforcing bars is the main parameter in 

reform the concrete shear strength for flexural members reinforced with FRP bars. To mitigate the shortcomings of FRP 

bars, a lot of effort has been made to enhance the ductility characteristic of beams reinforced with FRP beam in few 

research studies, by using hybrid FRP rebar [1]. Harris et al. studied Stress-strain behavior of steel with using hybrid 

FRP rebar. They showed that inclusion of hybrid FRP bar in reinforced concrete beams causes an important increase in 

bonding characteristic and the ductility response it was found to be similar in the characteristic of traditional steel bar 

reinforced concrete beams [8]. However, the complex manufacturing process and high technology used cases a high 

production cost which results in limited use in the engineering applications of hybrid FRP bars in concrete structures. 

To optimize the behavior of beam reinforced with FRP bars, there is some methodology was used, such as the addition 

of steel fibers [9]. It was effective for overcoming the large deflections and crack widths in addition to improving the 

ductility of the beam. The percentage addition of fiber fraction volume was determined randomly in some experimental 

work.it was found the ductility index increased by100% when used the additional percentage of fiber 1% [10]. 

Recently there is a lot of experimental research has been conducted to investigate the behavior of concrete beams 

reinforced with FRP beams. Particularly for GFRP, It has reported that GFRP reinforced beams experience higher 

deflections and larger crack widths when compared to traditionally reinforced beams with steel bars [11-13]. In addition, 

the low post cracking and flexural stiffness have been exhibited with these beams. This is due to low modulus of elasticity 

GFRP which documented in ACI440-15 it can be concluded that the behavior of reinforced concrete beam reinforced 

with FRP bars under a different type of loads needs to investigate with analytical, experimental and numerical, research 

[14]. 

In this study, the finite element modeling was used to investigate the behavior of reinforced concrete beam, reinforced 

by FRP bars. Two types of bars were used, CFRP and GFRP with normal strength of concrete grade (25, 30, 45) MPa. 

CFRP bars were used for tension reinforcement while the GFRP were used for tension and compression. The finite 

element modeling is validated using the previous experimental results conducted by Karayannis et al. (2018) and Adam 

et al. (2015) [15, 16]. The parametric study was included here to investigate the effect of type FRP, number and size of 

bars and grade of concrete compressive strength. 

2
5

0
m

m
2

0
0
m

m

50

200mm

CFRP bars

4Ø14 

Ø6/200mm

 

 

 

(a) beam tested by Karayannis et al. (2018), denoted  Exp1 

 

 

 

1000mm 200mm

2
5

0
m

m

2700mm

250mm1000mm 1000mm225mm 225mm

P

250mm



Civil Engineering Journal         Vol. 5, No. 11, November, 2019 

2298 

 

 

 

 

 

 

 

 

(b) Beam tested by Adam et al. (2015), denoted Exp2 

 

Figure 1. Dimension and details of experimental beams (Exp1, Exp2) [15, 16] 

2. Finite Element Modeling 

In order to accurately modeling all components of the concrete beam, steel bars, FRP bars, and stirrups were 

considered and simulated properly. Meanwhile, material properties, nonlinear boundary conditions, and element 

meshing were concentrated inbuilt the model to get accurate results [2]. The simulated models have used the 

experimental work for a reinforced concrete beam which conducted by Karayannis et al. (2018) [15] and Adam et al. 

(2015) [16]. The two studies were used fiber polymer bars, CFRP and GFRP respectively, and were tested under four-

point load. Every reinforced concrete specimen has a different amount of reinforcement, a diameter of bars and grades 

of concrete compressive strength. The dimension and detail of specimens were shown in Figure 1. The following sections 

hold some details of the FE modeling procedure. The simplified steps for beam modeling by use Abaqus software as 

shown in Figure 2. 

2.1. The Establishment of Model 

The first simply supported beam is 2700 mm long; with a rectangular section of 200×250 mm. the Concrete strength 

is C30, Longitudinal reinforcement of steel, CFRP and stirrups and the second beam with long 2800mmm with cross- 

section of 120×300 mm; the Longitudinal reinforcement of steel, and GFRP the Concrete strength is C25, C45 adopted 

as seen in Figure 1. In ABAQUS, the concrete adopted C3D8R element and the reinforced used T3D2 element. The 

element is capable of plastic deformation and damaging form [17]. The definition of the plastic deformation stage for 

the material is different, reinforced enter its plastic stage stress-strain relationship. The Concrete Damaged Plasticity 

was considered.it can be used for static loading, cyclic loading, and dynamic loading and so on, and has good 

convergence. The Embedded technology was used to define frictional contact between concrete material and 

reinforcement cage (steel, FRP, stirrups). 

2.2. The Material Properties 

The material property for all beams component with the same detail in pre-experimental work was considered. In all 

cases, the nonlinear linear isotropic stress-strain relation was used for model concrete in compression. Several 

compression models for concrete have been developed in the predecessor research. Hognestad model has been used in 

this study, by the numerical expression Equations 1 and 2 [18]. 

Truss elements (T3D2) was used to model the longitudinal and transverse FRP reinforcements. The item is also having 

capable of plastic deformation, for general practice, the elastic-plastic model is mostly used with or without the use of 

strain hardening. The steel reinforced had a200GPa modulus of elasticity, and 0.3 for poison’s ratio. Whereas the ultimate 

tensile strength of CFRP and GFRP is1800 MPa, 640 MPa, respectively. And the elastic modulus was used is 130GPa 

for CFRP, and 40GPa for GFRP. 
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Where f c ,ft  is compressive and tensile strength, ε0, εu is yield and ultimate limit strain.   
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2.3. The Failure Model Condition 

In ABAQUS, the model is capable of predicting the failure of concrete; it was defined directly using concrete damage 

plasticity for material properties. The process of damage can be attributed to micro- cracking, starting on beam section, 

and increase wider and then coalescence until failure occurs. The plasticity behavior can be characterized by several 

phenomena such as strain softening, gradual deterioration, and volumetric expansion, etc. which causes the reduction in 

strength and stiffness of concrete. Damage is usually characterized by the degradation of stiffness. It is assumed that the 

failure mechanism is related to two factors, are the tensile cracking and compression crushing of the concrete material. 

ABAQUS program requires the plastic stress-strain for concrete damage, the numerical expressions Equations 3 and 4, 

were used along Equation 5, Proposed model by Lubliner et al. (1989) to evaluate plastic-damage when degradation 

occurs only in the softening range and the stiffness is proportional to the cohesion of the material [19]. 
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Where c is cohesion in the yield criteria, which is proportional to stress; and cmax is equivalent to the strength of the 

concrete, d is a damage factor. Which f is either the tensile or compressive strength of concrete, can be related to the 

damage factor d as 
p . 

2.4. Meshing and Loading Boundary Condition 

In order to obtain reasonable convergence and accurate result of modeling for concrete beam reinforced with a 

different type of FRP bars. The element mesh sizes were selected carefully to achieve a robust result in reasonable 

computation time. Mesh element for concrete is 3D solid, which is called C3D8R, and for the steel and FRP, it is 2D 

truss, which is called T3D2 [20]. The model considers loading conditions in term of general static. For all models, 

loading point was located at the top center of the beam (reference point) and displacement and was computed by defining 

a node (defined a set in ABAQUS) at the bottom center of the beam. In addition, the loading conditions were assigned 

and applied on the top of the plate in the same recommended in testing concrete by defining a load-displacement control 

parameter and corresponding loading rate. Reference Point (RP) is set for all loadings and support's reactions. The 

bottom supports are hinge which the degree of freedom of U1, U2, and U3 has considered zero and the ends of the beam 

are pinned in order to avoid rotation of the beam. The atypical figure of 3D mesh beam elements is shown in Figure 3. 

Figure 3. The typical figure of 3D FE mesh (concrete element steel and FRP reinforcement) 
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2.5. Finite Element Modeling Verification 

To validate the finite model, a comparison study with published experimental results was done. Verification of FE 

results passes through a gradual path. The first step consists of modeling for simply supported beam reinforced of steel 

bar with geometry details was shown in Figure 1. The applied load and corresponding maximum deflection at mid-span 

were got. The second step is comparing the FE result with experimental through the load-deflection curves, as shown in 

Figure 5. For the analysis of the result of Mises stress for beams as shown in, Figure 4-a. The maximum of stress appears 

in the support and around the loading plate also appears greater stress, changing from max- to min. Similar to the arched 

truss force model of the beam with web reinforcement, the stress distribution between two supports forms Stress arch. 

Since the force of beam shoulder is small, Mises stress is lower, and Mises stress in the bottom of the beam is lower 

under the effect of reinforcement (FRP) See Figure (4-b). For the same caseload, the displacement of nodes in the middle 

and its time variation is shown in Figure (4-c). The result appears, with the increase of calculation time, span deflection 

growth gradually accelerated. Since reinforced concrete in the elastic phase have high strength and strong rigidity, the 

amount of change in mid-span of deflection is small in the beginning; after entering the plastic stage, the material 

property of reinforced concrete declines, and therefore the acceleration of the deflection of the beam speeds up, thereby 

forming an acceleration in the mid-span deflection curve. This shows that the simulation is of a reliable theoretical basis, 

very credible. In addition, the cracks and failures pattern as shown in Figure (4-d), is a good agreement with experimental 

results. 

 

  

(a) Normal stress of beam reinforced with CFRP bar (b) Ultimate deflection of beam reinforced with CFRP bar 

 
 

 

         

                                 

(c) Normal stress for reinforcement cage (steel, CFRP, stirrup) (d) Cracks and damage pattern 

Figure 4. finite element models result (beam with FRP reinforcement) 
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(a) Load-deflection curve 

 

(b) Load-deflection currve  

(c) Load-deflection curve (d) Load -deflection curve 

Figure 5. beams with deferent type of reinforcement (Steel, CFRP, GFRP) 

3. Parametric Study 

A total of 17 models were used, same scaling, loading pattern and material properties followed from exp1 and exp2 

for valid finite element program and then for parametric study, to study the behavior strength of beam reinforced with 

FRP bars. The models were divided into three groups (1, 2, and 3). The models have been different in the type of fiber, 

the diameter of bars, reinforcement arrangement, and grade strength of concrete. Group (1) contain (M1, M2, M3, M4, 

M5) with pure steel in the top and bottom reinforcement for control beams, and CFRP, GFRP bars for other beams, as 

detail in the Table 1 this group was used for verification of finite element models. All specimens in group (2) were 

reinforced with CFRP bars for tension reinforcement, while the group (3) consist of GFRP reinforcement on top and 

bottom of beams. Both groups (2) and (3) was used for parametric study. Group (2) contains the models from M6 toM11 

strengthened with CFRP as details in Table 1.The steel was used in the top, (fixed diameter bar) and CFRP in the bottom 

with variation in number and size of bars. The high size of steel in compression reinforcement zone has been used in 

experimental work, in order to avoid premature failure. In addition, there is some specimens have an anchorage system 

of CFRP bars was fixed at the support of the beam to improve bond properties. However, this application of spiral length 

was ignored in modeling, but there no effect in model results. Group (3) contains the models from M12 to M17. All 

beams were reinforced with GFRP bars as details in Table 1. The fiber bar was used for top and bottom (compression, 

tension) for beam; the main parameter was used, the number and size of fiber bar (reinforcement ratio) and concrete 

compressive strength. 
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Table1. Details of studied parameters 

Group Model 
detail of reinforcement 

Top Bottom Notes Stirrups 

 M1 4Ø14 2Ø10 steel Ø6@200 

 M2 4Ø14 2Ø12 steel Ø6@200 

1 M3 2Ø8 1Ø12+1Ø8 steel Ø8@150 

 M4 4Ø14 2HD5.5 steel +CFRP Ø6@200 

 M5 2Ø8 2Ø12+1Ø8 GFRP Ø8@150 

 M6 4Ø14 2Ø5 steel +CFRP Ø6@200 

 M7 4Ø14 2Ø6 steel +CFRP Ø6@200 

2 
M8 4Ø14 3Ø6 steel +CFRP Ø6@200 

M9 4Ø14 2Ø10 steel +CFRP Ø6@200 

 M10 4Ø14 2Ø12 steel +CFRP Ø6@200 

 M11 4Ø14 3Ø12 steel +CFRP Ø6@200 

 M12 2Ø8 2Ø8 GFRP Ø8@150 

 M13 2Ø8 1Ø12+1Ø8 GFRP Ø8@150 

3 
M14 2Ø8 2Ø12+1Ø8 GFRP Ø8@150 

M15 2Ø8 1Ø12+1Ø8 GFRP Ø8@150 

 M16 2Ø8 2Ø12+1Ø8 GFRP Ø8@150 

 M17 2Ø8 4Ø12 GFRP Ø8@150 

4. Results and Discussion 

Figure 6 shows grouped load-deflection curves for molded beam, which reinforced with CFRP, the load-deflection 

curve exhibit a Bi-linear response, which consists of two-part. The first part explains the untracked beam section, in this 

part the flexure stiffness of the beam is high, and while the second part reflects the load-deformation response 

represented the cracked stiffness of the beam. After the cracking part, the stiffness of the beam becomes lower, with an 

increase of load the steel bar was yield and CFRP bar rupture until failure was reached. 

When analysis the result, for modeled beam in the group (2) through Figures 6-a, 6-b, and 6-c, it was apparent that 

there is a significant increase for beam capacity with increase the size and number of CFRP bars. the increase of ultimate 

load capacity of the beam by 7.88% compared series A models (M6, M7, M9) to the control beam average load capacity 

from (M1, M2).In the series B model (M9, M10, M11), beam capacity increased by 64.82% compared to the controls 

beam. It can mention from the series A, B modeled beams with CFRP ensure improving in stiffness and desirable ductile 

flexural behavior of the beam. This is due to increase in number and diameter of CFRP bars. Besides the high number 

of steel bar in compression zone contribute to the flexibility of the beam. This better performance is due to arrangement 

repair the top of the beam with a steel bar and bottom with of CFRP bar. 

Figure 7 shows load-deflection curves for molded beam reinforced with GFRP, the first part of the curve reflect the 

uncracked level for beam which they have high stiffness. It can determine the value of loading required to produce the 

cracking. The average initial cracked load of series A (M12, M13, M14) is 11.66 and 17.33 kN for series B models 

(M15, M16, M17). The compressive strength was used is 25 and 45 MPa for series A and B of models respectively. 

This attribute for concrete grade strength. The ratio of average cracking load for series B two to A is 1.488 this is close 

for the ratio of the square root of compressive strength 45 to 25 is 1.34 this similar in experimental work was done. 

To analyze the result from all models in group (3) through the load-deflection curve Figure 7-a and 7-b, the behavior 

of GFRP reinforced concrete beams were compared to the behavior of control beam (M3) as shown in Figure 7-c. The 

load capacity of the reinforced beam with a change in diameter and number of bars was considered, in addition to the 

compressive strength of concrete, produces little increase in overall stiffness. Figure 7-c shows, beam stiffness reduction 

by 27.73% for series A models (M12 M13, M14), but increased by 10% compared series B models (M15, M16, M17) 

to the control beam. Both series A, B beam exhibited greater mid-span deflection than control beam. This attributed to 

the small value of GFRP modulus elasticity.it was notice the improvement in the capacity of beam is related for both 

the replacement of steel bars to GFRP bars, an increase in compressive strength of concrete. 
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(a) Series A-group1 (b) Series B group1 

 

Figure 6. load-deflection curve of beams with CFRP (group (1) models) 

 (a) SeriesA-group2 (b) SeriesB-qroup2 
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Figure 7. The load-deflection curve of beams with GFRP (group (2) models) 

5. Theoretical Study on Service Deflection 

Owing to the low modulus of elasticity of the FRP bars, the design requirement of concrete beams reinforced with 

FRP bars are typically estimated by the serviceability limit state. Therefore, a calculation method for predicting the 

deflection of concrete beams reinforced with FRP bars is needed. ACI 440.1R-06, and ACI 440.1R-15 [14] suggests 

that the effective moment of inertia can be calculated by Equation 6. 
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(6) 

Where Ie is the effective moment of inertia, Icr is the moment of inertia of the cracked section Ig is the moment of 

inertia of gross section, Mcr is the cracking moment, Ma is the applied moment γ is the factor (1.72-0.72(Mcr/Ma)) 

which is related to the loading and boundary condition. 

ACI 440.1R-15 [14] assumes that before the cracking of the concrete, the section is homogeneous and the 

contribution of reinforcement to the moment of inertia of the gross section is can be negligible. The moment of inertia 

of the gross section Ig, can be calculated by Equation 7. 
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I   (7) 

Where b is the breadth of the beam, h is the total depth of the beam. ACI 440.1R-15 [14], assumption that the concrete 

contribution in the tension zone can be neglected after the cracking of the concrete, the moment of inertia of cracked 

section can be calculated by following expression Equations 8 and 9. 
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Where d is the distance from the maximum compression fiber to the centroid of tensile reinforcement, nf is the modulus 

ratio between the FRP bar Ef and the plain concrete Ec, ρ is the reinforcement ratio ,k is factor depend on reinforcement 

ratio used. 

To comparison, the calculation method developed by modeling result in this work, the service load deflections of the 

modeled beam were calculated by Equation 10 considering the second moments of area calculated by the 

recommendations in current ACI 440.1R-15. 
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Where δ is the deflection, P is the applied load, L is the length of the beam, and S is the shear span beam. 

Comparison of the modeling result with analytical predictions according to ACI440.1R-15 are presented in Figure 8. 

 
 

Figure 8. Comparison of the models results with predictions according to ACI440.1R-15 

6. Conclusions 

This study investigated the behavior of reinforced concrete beam, reinforced with FRP bars, based on finite element 

analysis software (ABAQUS). To validate modeling, the experimental work from previous studies was used. A 

parametric study and compare the results of modeling with theoretical prediction according to current ACI440.1R was 

done through comparison of different graphs. The general conclusion for this study is outlined below. 

 The results of the finite element modeling are agreed with an experimental study conducted from previous literature.  

Addition to comparing the simulation results with analytical predictions, which ensure accuracy and consistency of 

ABAQUS in investigating the behavior of reinforced concrete beam reinforced with FRP bars. 

 As in the experimental work result, the modeling results confirm the use of FRP bars in bottom repair or a total 

replacement for traditional steel reinforcement improves the beam stiffness through compare beams with the control 

beam. A good agreement between the finite element modeling result and experimental in term of loads carrying- 

capacity, deflection at mid-span, In addition to the failure pattern. 

 The result of several models for both types of CFRP and GFRP bars as main reinforcement for concrete beam 

indicates the effective of FRP system with an increase in the amount reinforcement (number, size bars). Improve 

in-service load due to the high strength of FRP and increase the deflection as attributes of low elastic modulus. The 

upgraded in load capacity with used CFRP bars, the beam exhibited higher capacities in range (7.88-64.82%), while 

not more than 10% for GFRP. The load carrying capacity of beams strengthened with CFRP is higher than that of 

strengthened with GFRP. 
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 The beneficial effect of CFRP bars was clear when changing the small diameter bars to bit large with the same 

number of bars. The load carrying capacity increased by 51.85% with notice of no change in deflection. 

 The change of reinforcement amount (size, number) for GFRP bars has not effective in load carrying capacity, 

without an increase in compressive strength of concrete. The first crack load increases by48.62% when increasing 

the concrete compressive strength in the order of 25Mpa to 45Ma. 

 Through the bi-linear load-to deflection curve for CFRP, the increase of bars tend to some ductility of the beam, on 

the other hand, there is  no noticeable ductility provides with GFRP bars repairs in the form ( top-bottom) 

reinforcement. This regard to two reasons, first contributes to the low-value of modulus of elasticity for GFRP 

compare the CFRP, second for the form of use top-bottom for GFRP while CFRP as the bottom. It can be concluded 

the better to use steel bars as top reinforcement with FRP bars as bottom reinforcement of concrete beam. 

 The general observation from the comparison the finite element results with the prediction equation according to 

current ACI440.1R code.  Show that the code provisions for the estimate the load to deflection relation of FRP 

reinforced concrete beam is very conservative. For more accurate to predict the behavior of beam with use codes 

provision a lot of comparisons was needed for future work. 
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