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ABSTRACT 

The search for a non-corrosion alternative for steel reinforcement expands daily, especially in construction 

exposed to chemical attacks such as carbonation in aggressive environmental conditions. Glass Fiber 

Reinforced Polymer (GFRP) bars have become a pioneer in alternatives because of its many advantages 

such as high tensile strength, lightweight and corrosion-resistant characteristics. In this research, the 

cracking loads, ultimate loads, crack propagation behavior, load-deflection curves, and the damage to beams 

were observed at the failure stage for high strength concrete beams (HSCBs) reinforced with GFRP bars 

through finite element analysis (FEA). A three-dimensional, finite element model of a reinforced HSCB 

was proposed using non-linear finite elements software. The proposed model considers the impact of cracks 

in concrete and includes the details of longitudinal as well as transverse reinforcement. The proposed 

analytical model was verified experimentally through an experimental study conducted for three simply 

supported beam specimens. The first specimen was reinforced in flexure with steel bars; the second 

specimen was reinforced with GFRP bars, and the third specimen was reinforced with GFRP bars in addition 

to steel fibers with volume of 1.0%. A close agreement between the experimental results and the 

corresponding analytical results was obtained. Then, the verified model was used to study the effect of the 

change in the compressive strength of concrete and the ratio of longitudinal GFRP bars on the behavior of 

the reinforced concrete beams. The behavior in GFRP-reinforced concrete beams was different with the 

change of concrete strength and GFRP ratio when subjected to a given load, where when using a GFRP ratio 

up to 0.5% with HSC equal to or more than 60 MPa, the rupture of the GFRP bars occurred before crushing 

in the concrete; Also, it was noted that the replacement of steel reinforcement with GFRP bars accelerates 

the appearance of the initial cracks and increases the failure load in HSCBs, where the first crack in the 

beams reinforced with, GFRP bars, GFRP bars and containing 1.0 % of steel fiber , and steel bars were 22.5 

kN, 29 kN, and 42 kN respectively. The vertical stiffness for the HSCBs reinforced with steel bars reached 
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about 3.5 times and 2.6 times from the stiffness of the HSCBs reinforced with GFRP bars and the HSCBs 

containing 1.0 % of steel fiber reinforced with GFRP bars respectively. 

KEYWORDS: High Strength, GFRP, FEA, Corrosion, Cracks, Concrete Beam, ANSYS, Steel Fiber. 
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 الملخص 

الكربنة  ي الظروف البيئية  يزداد البحث عن بديل لحديد التسللي  يير قابل للتككل يممياا، ااةلة  ي المنتلكل المعرللة له مال كيميائية م ل 

رائدة  ي البدائل بسلب  مزاياها العديدة م ل قمة التلد العالية وا ة  (GFRP) القاسلية  وصةلبحق قالبال البمليمر المقماة باالياف الزجاجية

انتتلار التلرو  ومنحنيال  حمل الانهيار ااقصل  وسللم  لبحث، لمحظ حمل التلرو  ااولية والمزل واصلائ  مقاومة التككل   ي هاا ا

المقماة بقاللبال  (HSCBs) الحمل مع سللهم الانحناو واالللرار التي لحقق بالعينال  ي مرحلة الانهيار لكمرال ارسللانية عالية المقاومة

GFRP  من الال دراسللة ر ريبية ومن الال يريقة رحليل العناةللر المحدودة(FEA)   حيث رم عمل نممذج ثلاثي اابعاد منHSCBs  

باسللتاداط يريقة العناةللر المحدودة اللاا ية  يااا النممذج المقتر   ي الاعتبار راثير التللرو   ي الارسللانة ويتاللمن ر اةلليل التسلللي   

ا من الال دراسلة ر ريبية صجريق ل لاك كمرال  رم رسللي  العينة ااول    ال ملي والعرللي  رم التحق  من النممذج التحليلي المقتر  ر ريبيا

بالإللا ة لل  صلياف حديد  GFRP والعينة ال ال ة رم رسلليحها بقالبال GFRP حديد التسللي  التقليد؛  ورسللي  العينة ال انية بقالبالبقالبال 

رم الحصلمل عل  ار ا  وثي  بين النتائ  الت ريبية والنتائ  التحليلية المقابلة  ثم رم اسلتاداط النممذج المتحق  منل لدراسلة راثير    ٪ 0 1بح م 

  كال السللم   ي   ي الانحناو ال ملية عل  سللم  الكمرال الارسلانية المسللحة GFRP لتغير  ي مقاومة الالغ  للارسلانة ونسلبة رسللي ا

عند رعرللها لحمل معين ، حيث عند اسلتاداط   GFRP ماتل اا مع رغير مقاومة الارسلانة ونسلبة GFRP الكمرال الارسلانية المسللحة بلللللل 

قبل ركسلير الارسلانة   كما  GFRP التمز  لقالبالحدك مي ا باسلكال ،   60رسلاو؛ صو رزيد عن   HSC مع ٪5 0رصلل لل    GFRP نسلبة

، حيث التلر   HSCBs يسلر  من ههمر التلرو  ااولية ويزيد من الحمل ااقصل   ي GFRP لمحظ صل اسلتبدال حديد التسللي  بقالبال

٪ من الياف الحديد والكمرال 0 1المحتمية عل   GFRP بقالللبال  والكمرال المسللللحة GFRP ااول  ي الكمرال المسللللحة  بقالللبال

كيلم نيمرن عل  التمالي  وقد بلغق   42كيلم نيمرن و   29كيلم نيمرن و   5 22  ظهر عند حمل مقدارهيالمسلحة بقابال حديد التسلي  التقليد؛  

 المسلحة   بقابال HSCBs مرة من ةلابة  6 2مرة و  5 3المسلحة بقابال حديد التسلي  التقليد؛ حمالي   HSCBs الصلابة الرصسية للللل 

GFRP وHSCBs  المسلحة بقابالGFRP   من االياف عل  التمالي ٪ 0 1المحتمية عل. 

شرو  ,صلياف الحديد , كمرال مسلحة  , التككل  المحدودة،العناةر  الزجاجية، البمليمر المقمى باالياف  عالية،مقاومة  :المفتاحيةالكلمات 

 ,انسيز   

1. INTRODUCTION 

The corrosion of steel reinforcement is a serious problem concern all over the world. The highly corrosive 

environments such as seawalls create a harsh environment, accelerating the corrosion of the steel 

reinforcement in these structures. The corrosion and related deterioration necessitate costly repairs and 

reduce the service life of concrete structures. It might lead to catastrophic failures. Replacing corrodible 

steel reinforcement with non-corroding GFRP bars provides a suitable solution for eliminating the potential 

of corrosion and its related deteriorations [1]. In recent years, research have been conducted several studies 

on glass fiber reinforced plastic (GFRP) bars as an alternative to steel reinforcement. The GFRP bars have 

already shown a promising future to overcome the corrosion problem in many projects, especially in bridge 

decks and parking garage [2]. This is because of the GFRP advantages such as high longitudinal strength, 

corrosion resistance, high fatigue endurance, lightweight, and low thermal and electrical conductivities. In 
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order for GFRP bars to become widely accepted in the construction industry, all aspects of their structural 

behavior must be studied to guarantee their safe application[4]. Several researchers have studied the 

feasibility of using GFRP bars for the reinforcement of various concrete elements. Szczech and Kotynia 

found that the GFRP bars indicated good bond behavior to concrete. While the average bond strength was 

slightly lower than that of steel reinforcement bars with diameters of 16mm and 18 mm, the bond was higher 

for the GFRP bars of 12mm diameter[5]. Huang et al, experimentally, investigated the bond properties and 

stress-slip relations between GFRP bars and hybrid fiber-reinforced concrete (HFRC) containing carbon, 

Aramid, and polypropylene fibers. The test results indicated that the bond behavior between the GFRP bars 

and HFRC was significantly improved by the cooperative effects of the carbon, polypropylene, and aramid 

fiber[6]. Parvizi et al. found that there is no statistically significant difference in the short-term (28 day) 

bond strength of GFRP bars in seawater concrete compared to normal concrete[7]. El-Nemr et al., 

investigated the flexural behavior and serviceability performance of concrete beams reinforced with 

different types of GFRP bars that their surface profile was sand-coated, helical, and grooved. It was noticed 

that the cracking behavior of the tested beams tends to confirm that sand-coating of GFRP bars enhances 

the bond performance in concrete more than the helically grooved profile[8]. Basaran and Kalkan developed 

bond strength and development length formulas for FRP bars in concrete depending on a database of 185 

tests compiled. This database included a great majority of the factors affecting the FRP‐concrete bond, and 

then compared proposed formulas to the bond strength and development length equations of the 

international FRP‐reinforced concrete codes. The main results of this study indicated that the proposed bond 

strength formula is more accurate in estimating the bond strength values of FRP bars compared to the codes 

equations [9]. Awad-Allah et al., produced glass fiber reinforcing bars able to resist fire and high 

temperature. Many attempts were conducted locally aimed to produce resins able to resist the high changes 

in temperature for long durations.  It was found that tire carbon (C330-l0%) has high efficiency to resist the 

high temperatures with longer melting time [10]. Qin et al.[11], aimed to increase the stiffness and flexibility 

of the concrete beams at the same time. They suggested that the best ratio of FRP area to steel area (Af /As 

) in over-reinforced beam design had a range of 1 to 2.5 to provide enough post-elastic strength and stiffness  

for meeting the ductility requirement. It was also shown that the use of hybrid FRPRC in under-reinforced 

beam design is an economical method[11]. Gribniak et al. investigated the effect of the arrangement of 

GFRP tensile reinforcement on the flexural stiffness and cracking of concrete beams. No relationship was 

found between crack widths and the crack spacing when the reinforcement layout changed. It was found 

that the maximum crack opening was not necessarily adjacent to the maximum distance between cracks. 

The results showed that the number of reinforcement layers increases the flexural stiffness[12]. Krall and 

Polak presented experimental research on the flexural and shear behavior of concrete beams reinforced with 

GFRP composite reinforcement. It was observed that the beams without stirrups failed in shear tension while 

the beams with stirrups failed in shear compression with no ruptured stirrups and it was found diminishing 

increases in shear strength with increasing shear reinforcement ratio when a failure occurred as a result of 

crushing of confined concrete[13]. Yang et al. concluded that the energy dissipation in GFRP-reinforced 

concrete beams were different from those of steel-reinforced concrete beams when subjected to a given load 

where the average cracking loads of the steel-reinforced concrete beam was 1.61 times as much as that of 

the GFRP-reinforced concrete beam. It was found after the first crack occurred that all of the force in the 

beam is transferred to the GFRP bar. So the stress gradually built up in the concrete as a result of the bond 

stress between the GFRP bar and the concrete far from the crack [14]. El-Mogy et al., investigated the 

flexural behavior of continuous concrete beams reinforced with FRP and their capability of moment 

redistribution. His experimental results showed that moment redistribution in FRP-reinforced continuous 
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concrete beams is possible if the reinforcement configuration is chosen properly, and is improved by 

increasing the amount of transverse reinforcement[15]. Elchalakani et al. tested 17 rectangular concrete 

columns reinforced with steel or GFRP. 13 specimens were tested as columns and 5 specimens were tested 

as beams. It was noticed that the low elastic modulus of GFRP made it especially susceptible to buckling 

and that the lateral restraint of longitudinal rebars is thus critical for eccentrically loaded GFRP-reinforced 

concrete columns, and provided derivations of the interaction diagrams for both steel- and GFRP-reinforced 

concrete columns [16]. Ashour et al. tested twenty-seven reinforced high strength concrete beams to study 

the effects of longitudinal tensile reinforcement ratio of steel. Steel fiber content and compressive strength 

on flexural behavior of reinforced concrete beams. It was noticed that the amount of tensile reinforcement 

ratio did not affect the additional moment strength that was provided by fibers. Also, when the concrete 

compressive strength and steel fiber content increased, the flexural rigidity increased significantly[17]. Song 

and Hwang investigated the mechanical properties of high-strength steel fiber-reinforced concrete. The 

compressive strength of the fiber-reinforced concrete reached a 1.0% volume fraction, being an 11.8% 

improvement over the HSC[18]. 

2. LABORATORY EXPERIMENTS 

2.1 General 

In order to achieve the aimed goals of the present study, a 3D finite element model was proposed to spread 

the different parameters and increase the number of specimens. To verify this model, an experimental 

program was conducted. It consisted of three simply supported beams; a beam reinforced with steel bars; a 

beam reinforced with GFRP bars and a beam reinforced with GFRP bars added to it the steel fibers at the 

volume ratio of 1.0%. 

2.2 Test Specimens  

The RC beams with overall dimensions of 125 mm width, 250 mm height and 2000mm length were tested. 

The beams were simply supported with a clear span of 1800mm. The bottom longitudinal reinforcement 

was: - 3 GFRP bars with diameter of 10mm for two beams and 3 high grade steel bars for the other beam. 

The top reinforcement was 2 high grade steel bars with diameter of 10mm for all beams. The steel bars in 

the top reinforcement of the beams was used in compliance with the recommendations of ECP 208-

2005[19]. The stirrups were normal mild steel, 8mm diameter, at 100mm spacing to avoid shear failure of 

the beams as shown in Table1, Fig  1and Fig 2. 

Table1: Details of beams 

No. Model Fiber 

Volume 

Fraction 

(%) 

Bot. 

Rein. 

Type 

Bot. 

Rein. 

(%) 

Top 

Rein. 

(Steel) 

1 3S10 0 Steel  

0.75% 2 ø10 2 3G10 0 GFRP 

3 3G11 1.0 GFRP 
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Fig. 1 : Dimensions and reinforcement details 

 

Fig .2: Reinforcement for beams 

 

2.3 Fabrication of Test Specimens 

The specimens were fabricated at the Concrete Laboratory of the Civil engineering Department, Faculty of 

Engineering, Al-Azhar University. The reinforced concrete specimens were fabricated where reinforcement 

cages were prepared, then the formwork was made of thick ply-wood, and then GFRP bars reinforcement 

was installed in the formwork. Then, concrete was cast with a target cube compressive strength of 60MPa.  

The concrete was compacted after casting using an electrical vibrator for three minutes. The curing of 

specimens with water was started 24 hours after casting for 14 days, as shown in Fig. 3. 

 

Fig. 3:  Casting and curing  

2.4 Material Properties 

The test specimens used in this program were made from local material except GRFP bars. The coarse 

aggregates were composed of dolomite of good quality with a maximum size of 1cm. The batches used were 

all of good quality with uniform characteristics and free from injurious materials. The partial shape was 

generally a combination of round and sub-angular. Moreover, Fine aggregate used was composed of the 

sand siliceous material. It was clean and free from injurious and organic materials. Torah Portland cement 

CEMI 52.5 N was used in the experimental work, which conforms to the Egyptian standard specification 

(ES 4756/1-2007) for Portland cement. The water used in all mixes was clean drinking fresh water free from 

impurities. The value of water / cement ratio used was chosen based on the total weight of water added to 
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air dry materials where it was 37.5%. No allowance had been made for the absorption of mixing water by 

the aggregates. Two different types of steel were used in this study; one of them was normal mild steel with 

yield strength 240MPa, and the other was high tensile steel with yield strength 400MPa. The normal mild 

steel bars were round, smooth and with diameter of 8mm that were used as stirrups. The high tensile steel 

bars were round, not smooth, and with diameters of 10 and were used for the top reinforcement. The 

mechanical characteristics of high tensile steel, as reported by manufacturer are presented in Table 2.The 

GFRP bars used in the experimental study were straight shaped. Such bars were manufactured by Armastek 

in Russia and tested in the National Research Centre of Egypt for fiber reinforcement industries company, 

as shown in . Tensile tests were carried out on three specimens of the bars. The results of ultimate strength, 

strain, and elastic modulus are listed in  

Table 3: Mechanical characteristics of GFRP bars 

Properties of GFRP bars Sample No. 

1 2 3 

Nominal Diameter (mm) 10 

Nominal Area (mm2) 78.57 

Mass per Meter Run (gm/mm) 138 

Ultimate Load (KN) 85.5 77.84 80.72 

Ultimate Tensile strength (MPa) 1088 990.71 1027.3 

Max. Strain N.M 0.0229 0.0258 

Modulus of Elasticity, EG (MPa) N.M 43262 39820 

 

. The steel fiber used in this study was hooked end type with an aspect ratio of (L/D) 43.75 as shown in             

Fig.4: GFRP bars                                  Fig. 5  . The basic dimensions of this fiber were 35×0.8 mm with 45° 

hooked ends which are generally considered too slow to deform during pull-out from concrete ensuring a 

controlled ductile failure. However, it must be noted that adding a large amount of relatively long and stiff 

steel fibers into concrete may cause workability problems. The fiber content of 78.5 kg/m3 adopted is 

corresponded to 1.0% by volume of the concrete matrix for the specimen (3G11).    

 

            Fig .4: GFRP bars                                  Fig. 5: Hooked steel fiber 

 

Table 2.  Mechanical characteristics of high tensile steel 

Steel Properties 
 

yield strength “ƒy” (MPa) 400 
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Ultimate Strength “ƒu” (MPa) 520 

Young’s Modulus “E” (MPa) 200,000 

Yield Strain “εy” 0.002 

Strain at Maximum load “εy” 0.008 

Maximum Strain “εy” 0.016 

 

Table 3: Mechanical characteristics of GFRP bars 

Properties of GFRP bars Sample No. 

1 2 3 

Nominal Diameter (mm) 10 

Nominal Area (mm2) 78.57 

Mass per Meter Run (gm/mm) 138 

Ultimate Load (KN) 85.5 77.84 80.72 

Ultimate Tensile strength (MPa) 1088 990.71 1027.3 

Max. Strain N.M 0.0229 0.0258 

Modulus of Elasticity, EG (MPa) N.M 43262 39820 

 

2.5 Concrete Mix 

A study was carried out to obtain a concrete mix to achieve the proposed compressive strength (60MPa). 

Mix proportioning of concrete are presented in Table 4.  

 

Table 4: Proportioning of concrete mix  

Compound Amount to 1 m3 

CEMI52.5N(kg) 500 

Dolomite (kg) 970 

Sand (kg) 780 

Water (kg) 185 

Silica Fume (kg) 25 

Superplasticizer (kg) 12.50 

 

2.6 Specimens Preparation and Test Set-Up 

Three standard cubes, 150x150x150 mm, were taken from the concrete mix during the casting of each 

specimen. Results of the cubes tests after 28 days are presented in Table 5. Instrumentation of specimens 

included three Linear Variable Displacement Transducers (LVDT) were used for measuring deflection at 

three points, strain gauges were used for GFRP Bars at the mid-bar, strain gauges were used for concrete at 

top mid-span, and a load cell to measure the load of the testing machine as shown Fig. 6:  Instrumentation 

used. The tests were carried out under a controlled load of four-point loading up to failure using a manual 

hydraulic jack of 1000 KN capacity as shown in                                                         Fig. 7. The load increment 

was constant for beams specimens at 5kN. Two concentrated loads at 300mm from the mid span were 

applied on the beam using a distributing steel I-beam, supported on two steel rods and rested on neoprene 

pads. During testing, the loading was paused at different load levels to visually inspect the beam. Crack 

propagation was visually observed and the cracks were marked on the surface of the tested specimen. 
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Table 5: Compression test results on standard cubes 

Cube  3S10 3G10 3G11 

Fcu (MPa) 58.7 58.7 64.5 

                 

Fig. 6:  Instrumentation used                                                       Fig. 7: Test set up and load pattern 

 

2.7 Results of Experimental Study  

The failure loads and vertical deflections for all specimens were summarized in Table 6. It is noted that 

replacing the steel with GFRP bars increases the failure load by about 31.1%. Replacing the steel with GFRP 

bars in addition to 1% of the steel fibers increases the failure load by about 50.1 %.  The steel-reinforced 

concrete beam failed due to yielding in steel bars followed by concrete crushing in compression zone 

(ductile failure).  On the contrary, the GFRP reinforced concrete beam failed due to crushing in concrete 

followed by GFRP bars rupture (brittle failure). Fig. 8 shows the relationship between the load and the 

vertical deflection at mid-span for specimens. the typical load-deflection behavior of 3S10 beam was linear 

up to crack load. But after cracking, the relationship was less sloped. when the yield of the longitudinal steel 

reinforcement was reached; the behavior changed to be nonlinear up to failure. In contrary, the GFRP 

reinforced concrete beams were linear up to failure. But after cracking, the linear slope decreased. 

Table 6: Failure loads, deflection, steel strain, concrete strain at failure and observed modes of failure for 

beams 

Specimen 

no 

Pu 

(KN) 

∆u 

(mm) 

εcmax 

(%) 

εrmax 

(%) 

Failure modes 

3S10 99.5 19.4 0.0144% 0.27% Ductile 

3G10 130.5 35.28 0.173% 1.95% Brittle 

3G11 149.4 27.46 0.299% 1.27% Brittle 
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Fig. 8: Load –Deflection at mid-span relationship            Fig. 9: Load–Compressive concrete strain at mid-span 

 

Fig. 10 shows the load – tensile strain relationship in the flexural bottom bars at the mid-span. It could be 

noted for 3S10 beam, that the tension steel bars started to yield near the failure load. For beams with GFRP 

bars, it was noticed that the tension GFRP bars strained linearly up to first concrete cracking. started with a 

linear followed by a horizontal line when the concrete cracked, then it is returned linearly again, but with a 

less slopy due to it is exposure to a large part of the stresses. 

 

Fig. 10: Load-longitudinal tensile strain relationship for bottom reinforcement 

 

Fig.11shows the relationship between the vertical stiffness and the vertical load at mid-span for specimens. 

Where vertical stiffness is the extent of the beam's resistance to deflection due to the loads applied to it. As 

the vertical load increased, the stiffness started to decrease for all beams. However, the rate of decrease in 

the stiffness of 3S10 beam was less than the other beams due to the high modulus of elasticity of steel versus 

GFRP bars, which reach 5 times of it. Where, at a given load such as 40kN, its stiffness was higher than 

3G10 and 3G11 by 150% and 97.9%, respectively. Where the presence of steel fiber in the beams reinforced 

with GFRP bars as an admixture to concrete (3G11) resulted in a lower rate of deterioration of the stiffness 

than that the stiffness of the 3G10 beam which its behavior approached the behavior of beam reinforced 

with steel beam (3S10). The vertical stiffness for the 3G10 beam and the 3G11 beam reached about 30% 

and 37.7% of the stiffness for the 3S10 beam as the beams approached failure. 
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Fig.11: Vertical stiffness for beams 

 

 

 

 

 

Fig. 12: Crack Pattern of beams at failure 

3. THE FINITE ELEMENT MODEL 

A 3D finite element model for a simple beam (hinged-roller) was constructed using ANSYS [20] finite 

element package. The details of the model were taken from experimental work performed (3G10). The beam 

was loaded by two-point loads at 300mm from the mid span as shown in Fig. 13. A SOLID65 3D solid 

elements was used to represent concrete and LINK180 line truss elements to represent steel and GFRP 

reinforcement as shown in Fig. 14. The concrete, steel and GFRP stress-strain non-linear curves are shown 

in Fig. 15. The smeared crack approach was used to represent cracking in concrete. Elements with strong 

material properties were introduced at the concentrated loads and supports to distribute loads on a large area 

and prevent premature numerical failures. 
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Fig. 13:  Location of vertical load 

          

Fig. 14: 3D Finite element model 

                   

 

Fig. 15:  Concrete, Steel and GFRP Bars Reinforcement stress-strain curves 
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4. EXPERIMENTAL VERIFICATION  

The confidence in the results of the finite element model was verified using the experimental work (3G10). 

The results obtained by the 3D finite element model were close to the experimental results.  

4.1 Failure Load and Deflection 

Fig. 16 shows the load - mid-span deflection relationship for the experimental specimen and the finite 

element model. The failure load of the specimen was 148 KN as cored to 130.5 KN in the experimental 

study. The maximum deflection was 36 mm cored to 38 in the experimental study. The load deflection 

relation showed similar behavior.   

 

Fig. 16:  Load –deflection at mid-span relationship in Exp. & FEA 

4.2 Concrete and Reinforcement Strain 

Fig. 17 shows the relation between the load and the concrete strain at top of the beam measured at mid-span 

for both the experimental and finite element models.  Similar behavior for both cases was noticed. 

 

Fig. 17: Load –compressive concrete strain at mid-span section 

Fig. 18 shows the relation between the load and bottom longitudinal steel strains at mid-span for the 

experimental and finite element models. The experimental results and finite element results showed the same 

behavior and the values were very near. 
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Fig. 18: Load-longitudinal tensile strain relationship for bottom GFRP reinforcement in EXP &FEA 

4.3 Cracking at Failure 

Fig.19 shows a comparison of the cracking in both the finite element and the experimental model near the 

failure load. As shown in the figure, cracking was similar for both models. The comparison between the finite 

element results and the experimental results showed similar behavior. 

 

 

Fig.19: Crack Pattern of beam at failure EXP. vs. FEM 

5. PARAMETRIC STUDY  
To study the effect of flexural tensile GRFP bars ratio on the flexural behavior of reinforced HSCBs, a non-

linear finite element model of total of 25 concrete beams were analyzed in the current parametric study. The 

study was performed on simple beam similar to the pre-examined beam specimens in dimensions, loading 

pattern and material properties. The studied beams were divided into 5 groups with changing the GRFP bars 

ratio and the concrete strength. The Concrete compressive strengths of 60, 70, 80, 90, and 100 and the 

reinforcement ratios of 0.50, 0.75,1.01,1.26 and 1.51% were studied as detailed in Table 7. For all cases, 

the failure loads, deflection, and strains were cored to study the non-linear effect of GFRP bars ratio on the 

beam. 
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Table 7: Studied parameters 

Group Model FCU (MPa) (%) Bottom Reinf.  

G60 2G60 60 0.50% 

3G60 0.75% 

4C60 1.01% 

5G60 1.26% 

6G60 1.51% 

G70 2G70 70 0.50% 

3G70 0.75% 

4C70 1.01% 

5G70 1.26% 

6G70 1.51% 

G80 
 

2G80 80 0.50% 

3G80 0.75% 

4C80 1.01% 

5G80 1.26% 

6G80 1.51% 

G90 2G90 90 0.50% 

3G90 0.75% 

4C90 1.01% 

5G90 1.26% 

6G90 1.51% 

G100 2G100 100 0.50% 

3G100 0.75% 

4C100 1.01% 

5G100 1.26% 

6G100 1.51% 
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Failure Load  

The failure loads for the proposed GFRP bar ratios obtained from the analysis for different values of the 

concrete strength are presented in Fig. 20. The figure shows that for each GFRP bar ratio, the increase in the 

concrete strength increases the maximum load carrying capacity of the specimens significantly. For GFRP 

bar ratio of 0.5%, non-pronounced increase in the load carrying capacity when increasing the concrete 

strength was obtained. Whereas, by coring the maximum load with the highest and lowest concrete strength 

with the same GFRP bar ratio, the maximum load in the lowest and highest GFRP bar ratio increases by 

0.03% and 0.30% respectively. On the other hand,                       Fig. 21, illustrates that the relationship 

between the maximum load and the concrete strength for different ratios of the GFRP bars. It is noticed that 

for each value of the concrete strength, the increase in the reinforcement ratio, significantly increases the 

maximum load carrying capacity of the specimens. For each value of the concrete strength, the most 

significant increases in the load carrying capacity was noticed for GFRP ratios higher than 0.5%.  In all the 

beams with different concrete strength, and a GFRP ratio of 0.5%, the failure load is almost the same. With 

the increase in the GFRP ratio from 0.5% to 0.75%, the failure load dramatically increases to reach 45% 

due to the transition from GFRP rupture to crushing in the concrete. When increasing the GFRP ratio from 

0.75% to 1.01%, the failure load increases with small values ranging from 5% to 15%.  

              
Fig. 20: Load for Varying GFRP ratios                       Fig. 21: Load for Varying Compressive Strength 

 

5.1 Mid Span-Deflection and Reinforcement Strains  

Fig. 24 shows the mid-span deflection for all beams with different concrete strength ranging from 60 up to 

100 MPa.  For all beams, the relation between the load and deflection is initially linear up to the first crack 

loads followed by a nearly horizontal branch probably due to extensive cracking, then it is followed by a 

stiffening branch with a considerable increase in load but with a lower stiffness than the initial linear part. 

Then the failure load occurs suddenly because of the brittle failure of GFRP bars as indicated later in Fig. 

25. Increasing the GFRP bars ratio in the studied concrete beams increases the stiffness of the beam after 

the stage of the first cracks. It was noticed in case of GFRP ratio 0.5%, for all concrete strength values, the 

GFRP bars failed first followed by concrete crushing (ductile failure). On the other hand, when the GFRP 

ratio exceeds 0.5%, concrete crushing occurs before failure in GFRP (brittle failure). 

5.2 Cracking   

Flexural cracks began to appear in the middle of the span, and then propagate and expand gradually 

throughout the beam with increasing loading until the failure as shown in Fig. 22 . It is noticed from Fig. 23  

that the first crack in all beams having the same strength was not affected by the increase in the GFRP ratio, 
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since the first crack appeared at the same load of 22.5 kN. On the contrary, with the increase in the strength 

and the stability of the GFRP ratio, the appearance of cracks is delayed though for a little while, as the 

cracking load of concrete strength equal to 60 was 22.5 kN and of 100 was 28 kN. 

 

 

Fig. 22: First & Failure Crack Pattern of Beams 

 

                          

                 

     

 

 

         

Fig. 23: First cracking Load for varying Fcu and GFRP %  

 

 

Group (G60) 

 

Group (G70) 

 

(d) 

Fcu=100MPa 

@1.26%GFRP 

F.C. =28kN 

 

(a) 

Fcu=60MPa 

@0.5%GFRP 

F.C. =22.5kN 

 

(b) 

Fcu=100MPa 

@0.5%GFRP 

F.C. =28 kN 

  

(c) 

Fcu=60MPa 

@1.26%GFRP 

F.C. =22.5kN 
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Group (G80) 

 

 

Group (G90)

 

Group (G100)         

 Fig. 24:   Load-deflection curves of beams with GFRP reinforcement 

 

 

(a) Group (G60) 

 
(b) Group (G70)  

 

(c) Group (G80) 

 

(d) Group (G90) 
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(e)  Group (G100) 

Fig. 25: Bottom reinforcement strain for different groups 

SUMMARY AND CONCLUSIONS  
In this research, the behavior of HSCBs reinforced with GFRP bars subjected to bending moment loads was studied 

using an experimental study and a non-linear 3D finite element model. An experimental study was conducted to 

study the effect of the different reinforcement two types on HSCBs, the effect of the presence of steel fibers in 

concrete reinforced with GFRP bars beams, and for the verification from a non-linear 3D finite element model. The 

non-linear finite element model was constructed in ANSYS using solid elements capable of simulating cracking 

behavior using the smeared crack approach. The model was verified by coring its results to laboratory experiments. 

The model was analyzed under vertical load with varying compressive strengths of concrete and GFRP bars ratio 

of different proportions to study the structural behavior of the beam and the GFRP bars ratio on stiffness in each 

case.  The analysis showed that the capacity of the beam in the non-linear analysis was affected by the ratio of the 

compressive strength of concrete and the GFRP ratio. The conclusions obtained in this study can be summarized in 

the following points:  

1. The behavior of GFRP-reinforced concrete beams was different from the change of strength concrete and 

GFRP ratio when subjected to a given load; 

2. The vertical stiffness for the HSCBs reinforced GFRP bars and the HSCBs containing 1.0 % of steel fiber 

reinforced GFRP bars reached about 28.3% and 37.7% of the stiffness for the HSCBs reinforced steel bars 

respectively. 

3. The addition of steel fibers of 1% increases the concrete strength of up to 9.8 % and increases the vertical 

stiffness of the HSCBs reinforced with GFRB bars with about 33%. 

4. The HSC corresponds to the high tensile strength for GFRP bars. Thus, the use of GFRP bars in HSCBs has 

physical significance as the entire concrete section exposed to flexure bending load, is used. 

5. In case of using a GFRP ratios up to 0.5% with HSC equal to or more than 60 MPa, the rupture of the GFRP 

bars occurs before crushing in the concrete; 

6. The replacement of steel reinforcement with GFRP bars accelerates the appearance of the initial cracks, 

increases the failure load and a noticeably increase the deflections up to twice those obtained in case of using 

HSCBs reinforced steel bars. 

7. The spread of cracks and their widening in the beams reinforced with GFRP bars decreases with the increase 

of the GFRP bars ratio in the concrete section exposed to flexure bending load;  

8. The maximum failure load of the HSCBs significantly increases with the increase of the GFRP bars more than 

0.5%;  

9. The increase rate in the failure load of concrete beams of strength equal to or greater than 90 reinforced with 

a ratio equal to or greater than 1.26% of the GFRP bars, is obvious and significant;  
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10. A finite element model with ANSYS program for theoretical analysis is developed to study the behavior of 

high strength concrete beams reinforced GFRP bars concrete under flexural loads;An agreement has been 

obtained between experimental results and finite element analysis. 
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