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 In the present study, the flexural behavior of concrete beams reinforced with longitudinal rebars 
made of glass fiber reinforced polymer composites (GFRP), is studied using finite element 
method. For this purpose, a number of concrete beams with square sections are modeled in 
ABAQUS. In all of the beams, four GFRP rebars with diameter of 12 mm, and 10 steel rebars 
with diameter of 8 mm are vertically used to prevent creating shear cracks in the beams. The 
beam no. 1 is without transverse rebar, beam no. 2 has a row of transverse rebar, which is 
placed at the bottom and in the plane of vertical rebars. Beam no. 3 has a row of transverse 
rebars that is placed at the top and in the plane of vertical rebars; and the beam no. 4 has two 
rows of transverse rebar at the top and bottom of the beam in the plane of vertical rebars. The 
beams are gradually loaded under up to 6 ton, and the amounts of displacement and strain at 
the middle of beams are compared together. The obtained results reveal that the force-
displacement diagram of reinforced beams with composite rebars are almost linear until 
ultimate phase, and in all of the beams, adding transverse rebar leads to less deflection in the 
middle of the beam under an identical loading. Moreover, the load bearing capacity of beams 
containing transverse rebars, were higher than the other beams. 
 

© 2017 Growing Science Ltd.  All rights reserved.

Keywords: 
Glass fiber reinforced polymer 
Finite element  
Transverse rebars 
 

 

 

 

1. Introduction 
 

     Experimental studies show that steel fibers can be used as stirrups in beams, frames, and decks and 
also can be used as strengthening shear reinforcement in precast beams with thin web. The reinforcing 
fibers can be added to concrete mixture in the critical regions of members created with pre-stressed 
concrete or in-cast concrete, in order to remove secondary reinforcements. Fiber-reinforced concretes 
can be used to improve ductility and the seismic strength of structures. High strength non-metallic 
fibers such as carbon, glass, and aramid, surrounded in a polymeric matrix, show a proper potential for 
concrete reinforcement. Polymeric resistant fibers are existing with different types such as rebar, mesh, 
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cable, ropes, tendons, laminate and a variety of structural profiles, which are usually known as FRP. In 
spite of the recent advances in this field, numerous researches are reported in many papers from 
different views of its structural application. FRPs have been used for structural reinforcing of structures. 
Hosseini et al. (2016) studied numerically some reinforced concrete beams containing bending and 
shear opening and strengthened with FRP sheet. They showed wrapping of the opening region with 
FRP sheets from the exterior zone was more effective than wrapping it from the inside of opening. 
Ramana et al. (2000) performed a study on the behavior of CFRP strengthened reinforced concrete 
beams with varying degrees of strengthening. They investigated the experimental results and analytical 
studies of flexural strengthening of RC beams by means of external attaching of high strength and light 
laminates of CFRP at the tensile region of the beam. In their study, the maximum increase in the first 
crack ultimate moments and stiffness of reinforced beams were found about 150 to 230 and 110%, 
respectively. Islam et al. (2005) studied the shear strengthening of RC deep beams using external FRP 
reliable methods, in which 6 deep concrete beam were prepared for testing. The tests have shown that 
the use of FRP reliable method leads to decrease the propagation of critical diagonal cracks, and also 
leads to increase the load bearing capacity of the beam. Obaidat et al. (2011) studied the retrofitting of 
reinforced concrete beams using composite laminates. They reported the results of an experimental 
study regarding the structural behavior of completely damaged RC beams retrofitted with CFRP 
laminates in the shear or flexural regions. The use of CFRP laminates by external attaching method 
leads to increase the maximum load. The increase in maximum load of retrofitted specimens has been 
obtained about 23 % and between 7 to 33 % for shear and bending strengthening, respectively. 
Additionally, the strengthening has changed the failure mode to brittle failure. From the other side, the 
beam strengthening leads to decrease the cracks width compared with the control beam. Experimental 
results show that increase in the length of CFRP laminates in the flexural region leads to increase the 
repair efficiency and the concrete strength. In another research work Pannirselvam et al. (2008), 
modeled the strength of reinforced concrete beam with externally bonded FRP reinforcement. They 
evaluated the structural behavior of RC beams having external bond of FRP reinforcement in which 
three different steel ratios, two types of GFRP and two thicknesses in each GFRP were considered.  
According to their findings, the beams strengthened with GFRP laminates showed a better 
performance. Bending strength and ductility increases dramatically with the increase of the thickness 
of GFRP laminates. The increase of the loads of the initial crack for woven roving GFRP laminates 
with a thickness of 3 mm is more than 88.89 %, and for WRGFRP laminates with a thickness of 5 mm 
is about 56.01-64.69 %. The deformations due to the first cracks is very large in the tensile region of 
beams for the GFRP laminates and the maximum load reduction in the first crack for the 3 mm-thick 
laminates is more than 50.59 % and for 5 mm-thick laminates is more than 58.59 %. Jahangiri and 
Khaloo (2009) performed a study for investigating the behavior of reinforced concrete deep beams with 
web openings using finite element analysis. Their results have shown that the shear strength of beams 
will be decreased by increasing in the opening size. The amount of this reduction is equal to 15 % for 
square openings and 20 % for circular openings. By changing openings to circular, the ultimate strength 
of beams increases between 2 to 13 %, which the maximum increase is for beams having large openings 
in the internal shear span. Circular openings have a greater ductility about 2 to 16 % than square 
openings. Park and Aboutaha (2009) worked on the strut-and-tie method (STM) for CFRP strengthened 
deep RC members. The STM method is used for analyzing RC deep beams strengthened with CFRP, 
when the CFRP acts as an extra tension. El Maaddawy and Sherif (2009) also performed a study about 
FRP composites for shear strengthening of reinforced concrete deep beams with openings. The paper 
presents the results of a research work on the assessment of the potential of the use of external CFRP 
laminates (surface) as a solution for strengthening to increase the strength of RC deep beams with 
openings. They showed that the increase in the strength due to using CFRP laminates is about 35 to 73 
%. While, regarding the test results, an analytical solution has been studied and examined for the 
prediction of the shear strength of RC deep beams with CFRP strengthened openings.  

     It has been revealed from the outcomes of the researches by Benmokrane et al. (1995) that glass 
fiber rebars are very light-weight and show elastic behavior until rupturing and also have a very high 
ultimate tensile strength, and a low ultimate strain and elastic modulus, at the same time. Its thermal 
expansion coefficient is similar to concrete. A beam reinforced with glass fiber rebars acts with 



M. Hosseini et al. / Engineering Solid Mechanics 5 (2017) 
 

207

satisfactory in compression like similar reinforced beams with metal rebars, however, in greater loads 
they break out more. The GFRP rebars used in this research have linear elastic behavior in compression 
and tension until the failure time. These rebars have a high strength to weight ratio, the ultimate strain 
and elastic modulus of them is small about 1.8 % and 42 GPa, respectively. The results show that these 
rebars can be used in the building industry. Moreover, the mechanical and physical properties of these 
materials allow the use of these materials for designing of concrete structures such as beams, decks, 
columns, etc., which are reinforced with these composite rebars. From the other hand the use of these 
rebars is suitable for corrosive environments or beaches or areas with cycles of freezing and concretes 
containing salt, non-magnetic or insulating structures, military structures that are undetectable by 
radars, and underground structures. The initial cost of construction of these types of GFRP RC 
structures seems to be higher than conventional structures. The problem of corrosion in some structures 
becomes apparent only 5 years after their construction. After a few years, the cost of repair and 
maintenance if not be more than the initial cost, at least it is significant enough. This matter raises the 
chance for using this material in actual structures. A prospect of possible and different useable fibers 
in the building industry has been pointed out in a research by Parameswaran (1991). In the study worked 
by Cucchiara et al. (2003) the results of experimental tests performed on rectangular beams with simple 
supports and made of hook-like metallic-fiber concrete, with and without stirrup that are under vertical 
symmetrical 2-point load, are presented. Ashour (2006) performed a study on flexural and shear 
capacities of concrete beams reinforced with GFRP bars. In the present research work, flexural behavior 
of concrete beams reinforced with longitudinal rebars made of glass fiber reinforced polymer 
composites (GFRP), is investigated numerically using finite element method. For this purpose, a 
number of concrete beams with square sections are modeled in ABAQUS and the stress and 
deformation contours of different beams are compared. 
 

2. Mechanical properties of GFRP bars 
 

     Based on ACI standard (2007) for beams reinforced with GFRP bars, the design tensile strength of 
polymeric rebars (ffu) will be obtained through the following equation: 
 

௙݂௨ ൌ ாܥ ௙݂௨
∗ , (1) 

 

in which CE is the reduction coefficient related to environmental conditions depending on the fiber type 
and environmental conditions. f*

fu is the tensile strength provided by the manufacturer company of the 
FRP rebar, which is determined by tensile test. 
 

2.1 tensile strength 
 

     FRP rebars in compression are weaker than tension. Compressive strength depends on the smooth 
or ribbed type of bars. The compressive strength of a type of GFRP is about 317 to 470 MPa, whereas, 
its tensile strength is between 552 to 896 MPa. An appropriate empirical relation is presented by 
ACI544 committee (related with fiber-reinforced concrete) to estimate the ultimate strength: 
 

ܵ௖ ൌ ሺ1ܵܣ െ ௖ܸሻ ൅ ܤ ௥ܸሺ݈ ݀ൗ ሻ ,  (2) 
 

where, S is the ultimate stress of the matrix, l/d is length to diameter ratio, V is a volume of the fibers 
that is considered for considering accidental effect. A and B are constant numbers. 
 

2.2 The mechanical properties of stirrups 
 

     The yielding stress of stirrups is equal to 340 MPa and its ultimate is equal to 500 MPa (A3 rebar). 
The Poisson’s ratio and elastic modulus of the rebars are considered equal to 0.3 and 200 GPa, 
respectively. The strains corresponding to yielding and failure of rebars, are considered equal to 0.02 
and 0.05, respectively. The specific weight of steel is equal to 77kN/m3. 
 

3. Modeling GFRP beams in ABAQUS 
 

3.1 Concrete damage plasticity (CDP) constitutive model 
      
The failure criterion in the plastic range of material is expressed under compositional stresses. This 
criterion is divided into two major categories based on the material response to hydrostatic pressure. In 
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most cases, ductile behavior is known by the name dependent on hydrostatic pressure and non-metallic 
materials such as soil, rock and concrete are of this category and are dependent to pressure. The 
following equation gives the isotropic scalar quantity of damage value: 
 

ߪ ൌ ሺ1 െ ݀ሻܦ௢௘௟: ൫ߝ െ ௣௟൯ߝ ൌ :௘௟ܦ ൫ߝ െ  ௣௟൯,    (3)ߝ
 

where d is the measurer of stiffness loss, Cauchy stress factor (σ) is the initial (undamaged) elastic 
stiffness of materials, and similarly ε is the strain tensor and Del is considered as the tensor of decreased 
elastic stiffness. The tensor of effective stress Del = (1 – d) Del

o, is defined as follows: 
 

തߪ ൌ :௘௟ܦ ሺߝ െ  ௣௟ሻ, (4)ߝ
 

where, εpl
 is plastic strain. It is required to consider the changes of loss value in the formulation.  

 

݀ ൌ ݀ሺߪത,  ௣௟ሻ. (5)̃ߝ
 

     The amount of stiffness loss is defined as loss variable dc in the compression zone, and variable dt 
in the tension zone. Therefore, the Cauchy stress tensor is dependent on the effective stress tensor, ߪത 
between the scalar loss parameter (1 – d): 
 

ߪ ൌ ሺ1 െ ݀ሻߪത. (6) 
 

      In the tension and compression states, the damage condition is divided into two stiffness parameters, 
separately, ߝ௧̃

௣௟ and ߝ௖̃
௣௟, which are the equivalent of plastic strain in tension and compression states. The 

development of hardening parameters was defined by the following equations: 
 

௣௟̃ߝ ൌ ቈ
௖̃ߝ
௣௟

௧̃ߝ
௣௟቉ 								ܽ݊݀								 ̃ߝ			

௣௟ ൌ ݄൫ߪത, .௣௟൯̃ߝ  ሶ௣௟ߝ
(7) 

 

    The cracking (in the tension) and crushing (in the compression) in the concrete varies by the increase 
in the stiffener (softeners) numbers. The yielding function specifies the distance of a surface in the 
stress state with the failure condition or damage rate: 
 

݄൫ߪത, ௣௟൯̃ߝ ൑ 0.   (8) 
 

     Plastic flow is controlled by flow potential function G(ߪതሻ based on the following equation: 
 

ሶ௣௟ߝ ൌ ߣ
തሻߪሺܩ߲
തߪ߲

 (9) 

 

     The plastic potential function, G, is also defined at the distance of effective stress. In order to study 
the deformation and strength of fiber reinforced concrete materials, four concrete types in the shape of 
beam were modeled in ABAQUS software. In each beam, four GFRP rebars with diameter of 12 mm, 
and 10 steel rebars with diameter of 6 mm were placed vertically with a distance of 250 mm, in order 
to prevent nucleation of shear cracks in the beams.  
 

 
Fig. 1. Stress contour of beam no. 1 
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      The beam no. 1 was without transverse rebar, beam no. 2 had a row of transverse rebar, which was 
placed at the bottom and in the plane of vertical rebars. Beam no. 3 had a row of transverse rebars that 
was placed at the top and in the plane of vertical rebars; and the beam no. 4 had two rows of transverse 
rebars at the top and bottom of the beam in the plane of vertical rebars. The beams were gradually 
loaded under a load of 8 ton, and the amounts of displacement and strain at the middle of beams were 
compared together (Figs. 1 to 12). The elastic moduli of concrete and polymeric fibers were equal to 
18.8 and 42 GPa, respectively, and the ultimate strain of polymeric fibers was equal to 0.18. In addition, 
for modeling the mentioned concretes in ABAQUS, damaged concrete model was also considered. 

 

 

 
 

Fig. 2. Displacement contour of beam no. 1 
 

 

 
Fig. 3. Stress contour of beam no. 2 

 

 
 

Fig. 4. Displacement contour of beam no. 2 
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Fig. 5. Stress contour of beam no. 3 

 

 
Fig. 6. Displacement contour of beam no. 3 

 

 
Fig. 7. Stress contour of beam no. 4 

 

 
Fig. 8 Displacement contour of beam no. 4 
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Fig. 9. Stress contour for reinforcement beam no. 1 

 

 
Fig. 10. Stress contour for reinforcement beam no. 2 

 

 
Fig. 11. Stress contour for reinforcement beam no. 3 

 
Fig. 12. Stress contour for reinforcement beam no. 4. 
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4. Discussion and Conclusion  
 
    In all of the beams, at a constant load, the beams with more transverse rebar endured greater loads 
in comparison with the beams with less transverse rebar. At an identical load, the strain in the beam 
with less transverse rebar was more than the beams with more transverse rebars. After initial region 
that is corresponded to un-cracked section, for GFRP rebar reinforced beams, the load-displacement 
curve continues almost linearly until the ultimate load, which indicates that the GFRP did not yield 
until the failure moment. The beams reinforced with transverse GFRP rebars had the capability of larger 
ductility and energy dissipation. By increasing in the amount of the transverse rebars in the member, 
the failure of beams occurs in a higher ultimate load and also increasing in the amount of rebars had 
led to increase the area below load-displacement curve. 
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