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Abstract  

In recent decades, researchers and structural engineers have shown great interest in the use of Fiber Reinforced Polymer 

(FRP) plates/sheets for maintaining strength and durability in the utilization of concrete structures. In this study, reinforced-

concrete beam with T-shaped cross-section is reinforced with Carbon Fiber Reinforced Plastic (CFRP) plates and Glass 

Fiber Reinforced Plastic (GFRP) plates under 4-points inflections by finite element method. In order to analyze the 

performance of the polymer plates used in the reinforcement of the considered concrete beams, some sheets with 5cm and 

10 cm width having different formation patterns are joined to the concrete area. For this purpose, the angle between the 

lines of the plates and the longitudinal axis of the beam is varied based on four different degrees of gradations, from 30 to 

90°. In addition, the role of these sheets in limiting the deformation of the beam in its U-shaped and full-wrapping 

conditions is studied. The transversal distance between the plates is also considered as equal to the width of plates. Seventy-

two samples of concrete beams with C30 and C50 grades which were strengthened with polymer plates are compared with 

non-polymeric concrete beams. The numerical analysis results illustrate that the use of the different formation patterns and 

deflection angle of plates cause differences in the process of beam settlement. Further, the results show that C50 grade 

concrete samples are most effective in the reduction of concrete deformation when carbon fibers of 5cm width are used at 

an angle of 30 degrees with beam linear axis and traversal formation pattern. On the other hand, among the C30 grade 

samples, the best performance is related to the use of 5 cm carbon fibers which were utilized as full-wrapping. Under both 

aforementioned circumstances, the possible amount of the polymeric beam settlement over non-polymeric beam will 

decrease by about 50%. 
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1. Introduction 

In recent years, the reinforcement of existing concrete buildings is regarded as the most important issue in civil 

engineering. An overview of the damages caused by loading shows that until now, a high percentage of reinforced 

concrete (RC) buildings do not have enough or acceptable strength to confront static or dynamic loads, because these 

constructions are designed on the basis of old rules and regulations, and most of them do not comply with the new bylaw. 
Moreover, operational insufficiencies and weaknesses have also increased the vulnerability of these concrete structures 

to the applied loads. Accordingly, the importance of strengthening these buildings with authentic, plain and economical 

reinforcement methods is now widely recognized. In other words, each concrete structure needs a considerable 
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performance, such that its strength and productivity are maintained throughout its service life. Regarding the increasing 

necessity of constructing and repairing concrete structures, the developed countries as well as Iran, which is also 

undergoing massive developments in concrete buildings, can be categorized as the countries taking the issue of repair 

and reinforcement of structures seriously. One of the common methods used for strengthening reinforced concrete in 

the past is the joining of steel sheets to the construction. Extensive studies have been done on the use of polymer sheets 

(FRP) in recent years, which has led to the replacement of steel sheets with FRP sheets. One of the significant advantages 
of FRP sheets is their high ratio of strength to weight. Typically, FRP sheets are about 2-10 times more resistant than 

steel sheets if at most they weigh up to 20% of the steel sheets’ weight [1, 2]. 

2. Technology of Carbon Fiber Reinforced Polymer (CFRP) and Glass Fiber Reinforced 

Polymer (GFRP) Strips 

2.1. Glass Fibers (GFRP) 

2.1.1. Glass Fiber Production Procedure 

A combination of silicate melts, potassium hydroxide and various metal oxides are used to manufacture glass fibers. 

After passing through a fine membrane, the melts are super cooled, leading to the production of glass fibers with 

diameters of 5-24 𝜇𝑚 are produced. Ultimately, the produced fibers are woven compactly; during the process, the fibers 

are alternatively coated with resin to minimize their abrasion. 

2.1.2. Various Types of Glass Fibers 

1. Electrical glass fibers (E-Glass). 

2. Structural glass fibers (S-Glass). 

3. Chemical glass fibers (C-Glass). 

4. Alkali Resistant-Glass (AR-Glass). 

Table 1. Mechanical characteristics of various glass fibers 

Type Tensile strength (MPa) Young’s modulus (GPa) Elongability (%) 

E-Glass 3445 72.4 4.8 

S-Glass 4585 86.9 5.4 

C-Glass 3310 68.9 4.8 

AR-Glass 3241 73.1 4.4 

2.2. Carbon Fibers (CFRP) 

2.2.1 Carbon Fiber Production Procedure 

Artificial silk, polyacrylonitrile, and tar derived from oil refinery are used as raw materials for the production of 

carbon fibers. Among all FRP fibers, carbon fibers have the highest Young’s modulus, which is why they are 

recommended for structural improvement purposes. 

2.2.2. Various Types of Carbon Fibers 

1. Carbon fibers of PAN type. 
2. Pitch-based carbon fibers, which are essentially derived from the distillation of coal. 

Table 2. Mechanical characteristics of various types of carbon fibers 

Fiber characteristic Young’s modulus (GPa) Ultimate strength (MPa) Yield strain (%) 

General application 220 – 240 2050 – 3790 1.2 

High strength 220 – 240 3790 – 4820 1.4 

Very high strength 220 – 240 4820 – 6200 1.5 

High modulus 340 - 520 1720 - 3100 0.5 

3. A Quick Review of Past Studies 

The utilized technology in FRP sheets was comprehensively studied by some researchers in the early 90s, for the 

sake of achieving some improvements in concrete construction. The technology was developed by Meier et al. in 

Switzerland, as a result of their work on a series of studies based on previous experiments on reinforced-concrete beams 
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strengthened with CFRP sheets, which had been initiated since 1984 [3]. 

Saadatmanesh and Ehsani conducted an experimental study with the aim of evaluating the static strength of 

reinforced-concrete beams strengthened with GFRP plates. Their experimental results showed that the joining of 

polymer plates to the tensile mode of the concrete beams caused considerable enhancement in flexural strength. Further, 

this strengthening caused an increase in flexural hardness, plasticity and a decrease in beam deflection in time of fracture 

[4]. 

Mosallam and Ayman focused on the role of CFRP and GFRP plates in increasing the shear strength and repairing 

pre-loaded reinforced-concrete beam in an experimental study. The results of the study showed that the span-to-depth 

ratio of the beam is the most significant factor in controlling the beam’s shear mode-failure and subsequently the effect 

of polymer plates on the amount of shear strength [5]. 

Lee et al. scrutinized the shear-behavior of 14 deep T-shaped reinforced-concrete beams strengthened with CFRP 

sheets in such a way that the utilized fibers had different angles in relation to each other. The considered variables in 

Lee’s study included the arrangement of the fibers in different directions and reinforced-length of beams. According to 

the results of the study, there are possibilities of partial lamination involving common failures in CFRP sheets [6]. 

Also, another research done by Moghadasi et al. in 2012 showed that the condition of embedment and details of 

yokes and their distances in a bending frame has an important effect on loading capacity of structures. Thus, the article 

suggested the adoption of FRP for beams with technical deficiency that need strengthening [7]. 

Ferreira et al. put some samples under inflection and shear for the sake of checking the mechanism of shear-strength 

of concrete beams reinforced with FRP plates. Additionally, to compare the experimental results, some numerical 

analyses of the studied beam’s shear-strength were performed. The study’s results show that the use of FRP sheets 

causes pattern modification, cracks-growth limitation and stress reduction in concrete section and steel bars [8]. 

Tetta et al. put their efforts on an experimental study that paid attention to strengthening rectangular reinforced-

concrete beams with composite materials.  The parameters of this study include types of textiles, their positional forms, 

arrangement of polymeric jacketing and number of polymer layers. Fourteen concrete beams were constructed and tested 

under bending load. The results illustrate that FRP sheets are more effective in increasing the shear capacity of concrete 

beams than Textile Reinforced Mortar (TRM) jackets. Nevertheless, increasing the number of TRM jacketing layers 

causes a considerable enhancement in the effectiveness of the jackets for augmenting the bending-shear capacity of 

concrete beams [9]. 

The small deflection analysis of equal two-span continuous simply supported GFRP beams with CFRP flange 

stiffening is presented for the case of equal mid-span point loads. The analysis is based on a combination of the methods 

of Influence Coefficients and Transformed Sections and leads to closed-form equations for tractions and deformations. 

Symmetric mid-span load tests on five beams-one all-GFRP and four CFRP stiffened GFRP beams-are described and 

mid-span deflections, support rotations are used to establish the accuracy of the analysis for predicting their deflection 

serviceability limits and, hence, their possible utility for the preliminary design of such beams [10]. 

Carbon fibre reinforced polymer (CFRP) externally bonding is an efficient and effective method to strengthen 

damaged steel beams, and thereby prolong their service life. However, debonding failure, which requires accurate 

predictions to ensure safety, can occur before the full usage of CFRP. In this study, the notched steel beams strengthened 

with CFRP plate were simulated by finite element method where the mixed-mode cohesive law was employed to 

determine the interfacial stress. The load-deflection curves and strain development at different load levels from 

experimental study were used to verify the validity of the numerical model. The interfacial stress distribution with 

increasing load was analysed, and good correlation with theoretical calculations at elastic stage was observed. In contrast 

to the previous elastic analytical study, the plastic behaviour of the CFRP strengthened notched steel beams was 

revealed. More importantly, interfacial crack initiation, propagation and debonding were accurately simulated. This 

simulation method can be used to predict debonding process in actual engineering applications. In addition, parametric 

analysis was conducted to assess the effects of notch depth, CFRP elastic modulus and CFRP thickness. The ultimate 

load and ductility decreased substantially with increasing notch depth. Furthermore, although increased bearing capacity 

was achieved by increasing the CFRP elastic modulus and thickness, ductility decreased and premature debonding 

failure occurred more easily [11]. 

This study investigated the punching behavior of reinforced concrete slabs strength with carbon-fiber-reinforced 

polymer (CFRP). We tested a total of thirteen RC slabs, each having 965 mm length, 680 mm width, and 60 mm 

thickness, each slab was reinforced with two layers of CFRP of area (40 × 40 cm2). The variables in the experimental 

program were: pre loading (60% and 80%) of ultimate load (load of control slab) and orientation of the fiber of CFRP 

(0°, 45°, (0°/90°) and (45°/135°)). Test results showed that the capacity of ultimate load of strength of the slabs is 

increase (23%–65%) compared with slab unreinforced. The results illustrate that carbon-fiber-reinforced polymer 

(CFRP) reinforcement is perfect in reducing the deflection (3%–48%). The CFRP strengthening is perfect in reducing 
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the strain [12]. 

The present study develops a theory for the elastic analysis of a preloaded wide flange steel beam, strengthened with 

two glass fiber-reinforced polymer (GFRP) plates bonded to both flanges, then subjected to additional loads. Starting 

with the principle of stationary potential energy, the governing equilibrium equations and corresponding boundary 

conditions are formulated prior to and after GFRP strengthening. The resulting theory involves four coupled equilibrium 

equations and 10 boundary conditions. A general closed form solution is then provided for general loading and boundary 

conditions. Detailed comparisons with three-dimensional finite-element solutions show that the theory provides reliable 

predictions for the displacements and stresses. A parametric study is then developed to quantify the effects of 

strengthening, GFRP plate thicknesses, and preexisting loads on the capacity of the strengthened beam [13]. 

4. Numerical Analysis of T Shaped Concrete Beam Strengthened with CFRP and GFRP 

The continuous growth and universality of numerical analysis methods alongside the high accuracy of their 

procedures has made it possible to scrutinize the behavior of RC without the need for experimental studies. Further, the 

results of numerical studies show that the behavior of the parts of RC strengthened with FRP plates can be estimated by 

numerical methods rather than expensive examinations. Hence, this study attempts to perform a numerical simulation 

that lays the groundwork for a better comprehension of the behavior of the bending parts of RC T-section strengthened 

with FRP sheets and compensates for the absence of experimental results. 

5. Mechanical and Geometric Specifications of the Analyzed Concrete Beam 

In the present study, in order to study the effect of polymer plates on the behavior of T-shaped RC, a beam with the 

dimensions shown in Figure 1 is introduced to the software. The value of Poisson’s coefficient is 0.2 and its elasticity 

modulus(𝐸𝑐) is determined by means of the following formula, in which (𝑓𝒄
′) is considered as concrete’s compressive-

strength characteristic. 

𝐸𝐶 = 4700√𝑓𝐶
′ (1) 

In the analysis of FE method, there are some presented stress-strain relations of unconfined concrete under stress and 

tension which are considered as significant parameters in the introduction of concrete plasticity modulus if experimental 

results are not available to enable the use of authentic proposals of former studies. As an example, Hognestad proposed 

model is regarded as one of the high usage ones among others (Figure 2). The rising tributary model by means Figure 2 

can be taken out. 

In this relation (𝑓𝑐
") is the maximum tension in the concrete part that can be obtained by the 3rd relation. In such 

relation, the (𝐾𝑠) modulus of concrete with 15, 20, 25, 30 cylindrical stress-strength can be figured out as greater than 

or equal to 35 mega Pascal, which are equal to 0.92, 0.93, 0.95, 0.97 respectively. The descending tributary of the curve 

prolongs linearly from (ℇ0 , 𝑓𝑐
") to (ℇ𝑢  , 0.85𝑓𝑐

"). 

In this study, the amount of concrete tensile-strength is equal to 0.0038 according to the proposed ACI-318 regulation 

on the basis of relation number 4 and the amount of (ℰ𝑢) (ultimate strain like concrete compressive-fracture). 

Consequently, two types of concrete, C30 and C50 grades, used in the study of T-shaped concrete beams’ behavior are 

analyzed. 

𝑓𝐶 = 𝑓𝐶
" [

2ℇ𝐶

ℇ0

− (
ℇ𝐶

ℇ0

)
2

] (2) 

𝑓𝐶
" = 𝑘𝑆 . 𝑓𝐶

′ (3) 

𝑓𝑡
′ = 0.7√𝑓𝐶

′ (4) 

 

 

 

 

 

 

 

 

  

 

Figure 1. General Schematic of Loading and Dimensions of the Analyzed Beam (in mm) 



Civil Engineering Journal         Vol. 4, No. 5, May, 2018 

1010 

 

 

Figure 2.  Stress-Strain Hognestad Curve and Adapted Hognestad for under Pressure Concrete 

6. Mechanical and Geometric Specifications of Reinforced Steel Rods 

For the purpose of reinforcement, two types of bars are used (as shown in Table 1). The arrangement of the 

reinforcement is portrayed in Figure 3. In order to define the interaction between concrete and bars to the software, bars 

are hidden inside of the concrete by use of the embedded program. As a result, the effects of sliding between concrete 

and reinforcement are ignored. 

Table 3. Specifications of Longitudinal and Latitudinal Rods 

Type Rupture Strength (Mpa) Tension Strength (Mpa) Modulus of Elasticity (Mpa) 

Yoks (D6) 447 743 2.1×105 

Longitudinal rod (HD22) 436 642 2.4×105 

Figure 3. Setting of Steel Rods in Concrete Beam 

7. Mechanical and Geometric Specifications of FRP and Reinforcing Steel Rods 

In order to analyze the reinforced samples, different formation patterns are considered for each CFRP and GFRP 

sheets, which are 5 and 10 cm wide. Accordingly, the angle between the lines of the plates and the linear axis of the 

beam (α) is varied based on four different degrees of gradations, including 30, 45, 60 and 90 (Figure 4). If α equals to 

30, 45 and 60 degrees, the parallel reinforced samples (Figure 5) and those with polymer plates that have a traversal 

ratio (X patterns) toward each other will be analyzable (Figure 5b). Also, in this analysis, when α equals to 90 degrees, 

the performance of the sheets may be similar to U-shaped or full-wrapping (T-shaped patterns) that is clung on the 

concrete area (Figure 4). Other mechanical characteristics of CFRP and GFRP sheets are shown in Table 2. 
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Figure 4. Variables Concerned with each of the Decorative Patterns by Polymeric Stapes 

 

 

 

 

 

 

 

 

Figure 5. Practiced Patterns for Polymeric Straps (a) Parallel and (b) Crucial 

Table 4. Specifications of Polymeric Straps of CFRP and GFRP 

Type of Fibre Modulus of Elasticity (MPa) Rupture Strength (MPa) Thickness (mm) 

CFRP 165 2800 1.2 

GFRP 19 279 0.864 

8. An Analysis of the Results of Numerical Analysis 

In order to analyze the behavior of T-shaped concrete beam strengthened with CFRP and GFRP sheets, the beam’s 

deformation (settlement) at the central points of the controlling points’ bottom line (beam’s misspent) is investigated. 

In the first step of parametric analysis, the behavior of the non-polymeric concrete beam with T-shaped cross-section 

under 4-points inflection is analyzed. Based on Figure 6, the graph illustrates the ratio between the reactional leaning 

point and the controlling points. According to the results of the numerical analysis of loading, the reactional power for 

C50 and C30 grades concrete increases to about 570 and 515 kn respectively. After this phase, by continuing the loading 

process, when the measures of C50 and C30 grades concrete beam settlement with T-shaped cross-section reaches 44/15 

and 31/51 mm respectively, the failure of the concrete beam occurs. 

 

Figure 6. Graph of Force – Deflection for T Shaped Concrete Beam without Polymeric Strap 
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9. An Analysis of the Results of Concrete Beam Grade C50 Retrofitted with CFRP and FRP 

According to Figure 7, FRP strap in parallel form causes decrease in deflection, and in this regard, CFRP has a better 

performance than GFRP. Generally, for every type of FRP, the best function occurs when FRP straps are at 30° compato 

the longitudinal axis of the lateral surface of the beam. 

Therefore, based on numerical analyses, the effect of CFRP in the limitation of the deflection of the beam decreases 

with an increase in 𝛼). This trend is also true for GFRP straps, except when 𝛼 changes from 45° to 60° . According to 

this figure, the amount of sensitivity in samples retrofitted with CFRP straps of various 𝛼 is much more than that of the 

samples strengthened with GFRP. Numerical analysis indicate that with respect to samples retrofitted with FRP straps 

of 10 cm wide, for every samples reinforced with CFRP and GFRP, the maximum effect of polymers in decreasing 

beam deflection occurs when straps are at 45° with respect to the longitudinal axis of the peripheral surfaces. Changes 

for bending member due to deflection are not considerable. This position is also for equals and. The minimum effect of 

straps in the limitation of beam deflection occurs when straps are bound parallel to latitudinal rods (𝛼 = 90°) of the 

peripheral surface of concrete beams. 

At this angle, by increasing the number of polymeric straps and using patterns with U shape curled around, the amount 

of deflection reduces. In addition, these reductions in deflection, specifically in samples with GFRP straps, are not so 

considerable. 
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Figure 7. Deflection of Concrete Beam Grade C50 Retrofitted with Polymeric Straps in Longitudinal and Parallel forms 

with Widths of (a) 5 and (b)10 cm  

10. A Comparison between the Effects of Different Arrays of Parallel and Crucial Straps on 
Deflection Reduction in Concrete Beams of C50 

The results of numerical analysis show that by using CFRP straps with 5cm of crucial array (Figure X), when 𝛼 

increases, the ascending order of deflection is linear. Thus, by increasing 𝛼 from 45° to 60°, the rate of increase in 

deflection of the beam in crucial format is more compared with parallel format. Arraying patterns has a more appropriate 

effect on deflection. On the other hand, in samples retrofitted with GFRP with angles of 30° and 60°, the use of crucial 

arrays causes increase in straps’ role of decreasing deflection in beams. 

 

Figure 8. Comparing Deflection of Concrete Beam Grade C50 Retrofitted with FRP Straps in parallel and Crucial Arrays 
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Figure 9. Comparing Deflection of Concrete Beam Grade C50 Retrofitted with FRP Straps in parallel and Crucial Arrays 

with 5 cm 

11. An Analysis on the Results of Concrete Beams Grade C30 Retrofitted with CFRP and 

GFRP Straps 

According to Figure 10-A, the amount of deflection of concrete beam grade C30 with different array patterns of FRP 

straps of 5 cm (retrofitted with GFRP and CFRP) shows that when parallel straps are used, changes in 𝛼 from 30° to 

60° for GFRP straps do not have a considerable effect on deflection of beams. On the other hand, for concrete beam 

grade C50 retrofitted with GFRP, increasing the angle of the straps (𝛼)from 30° to 60° causes a decrease in deflection 

and improvement in straps function. Therefore, when 𝛼  is 60°, the amount of deflection in beams retrofitted with CFRP 

and GFRP are very close. 

Thus, an increase in 𝛼  in both straps of GFRP and CFRP from 60° to 90° causes an increase in deflection in the 

retrofitted beams. Figure 10-B shows that when strengthening C30 beams with CFRP and GFRP straps of 10 cm width, 

the changes in the amount of deflection based on different measures of 𝛼 and arrays have a different trend. 

In samples with CFRP straps, the minimum deflection occurs when the angle of the straps equals 30°, while in 

retrofitted samples with GFRP straps, an angle of 45° causes the minimum deflection. Generally, the trend of deflection 

change in C30 beam with an increase in the angle of polymeric strap from 30° to 90° is different from that of C50 beam. 

23.25

30.27

31.44

22.07

27.73

33.09

35.63

38.47 37.60

34.96

42.01

38.83

20

22

24

26

28

30

32

34

36

38

40

42

44

30 45 60

D
ef

le
ct

io
n

 (
m

m
)

Angle between Polymeric Straps with longitudinal axis (Degree)

Use of Straps with Parallel Array of CFRP ( | | )

Use of Straps with Cracial Array CFRP ( X )

Use of Straps with Parallel Array of GFRP ( | | )

Use of Straps with Cracial Array GFRP ( X )



Civil Engineering Journal         Vol. 4, No. 5, May, 2018 

1015 

 

 
 

 

Figure 10. Deflection of Concrete Beam Grade C30 Retrofitted with Polymeric Straps in Longitudinal and Parallel forms 

with Widths of (a) 5 and (b)10 cm  

12. A Comparison between the Effects of Polymeric Straps in Crucial and Parallel Array 

Patterns on Decreasing Deflection in Concrete Beams of Grade C30 

Based on Figure 11, a comparison between crucial and parallel array with 5cm straps of CFRP at 30° and 45°, shows 

equal amounts of deflections. But with an increase to 60° , the crucial type has a better performance in limiting 

deflections. 

On the other hand, for retrofitted samples with GFRP at 30°, 45°, 60°, the performance of glassed straps in crucial 

and parallel arrays is different. At 60°, straps with parallel form have a better result in decreasing deflection of T shaped 

beams. 
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Comparing the parallel and crucial patterns of FRP straps of 10 cm in C30 T shaped beams in Figure 12 shows that 

under a unified angle, all CFRP and GFRP polymeric straps with crucial form have a better function than the parallel 

ones with respect to deflection. The only exception is the sample whose straps are fixed at 45° to peripheral sides of the 

beam. Besides, as shown in Figure 12, crucial pattern of straps with 10 cm of width causes increase in sensitivity of 

deflection in beam compared with the parameter of angle in the straps. 

 

Figure 11. Comparison of Deflection in Concrete Beam Grade C30 Retrofitted with Polymeric Straps in Parallel and 

Crucial Array with 5 cm of Width 

 

Figure 12. Comparison of Concrete Beam Deflection for Grade C30 Retrofitted with Polymeric Straps in Parallel and 

Crucial Array with 10 cm of Width 

13. Amount of Relative Decrease in Deflection of T Shaped Concrete Beam with the Aid of 

FRP Straps 

In Tables 3 and 4, the percentage of decrease in deflection in 72 different retrofitted beams compared with beam not 

retrofitted with FRP are shown. According to the results, for every sample of concrete grade C50, the maximum decrease 

in deflection occurs when CFRP straps with 5cm of width at 30° and crucial array are used. This position is able to 

17.92 18.28 18.07

17.86
18.27

20.16

28.21

24.83

18.70

28.46

23.58
22.12

15

17

19

21

23

25

27

29

30 45 60

D
ef

le
ct

io
n

 (
m

m
)

Angle between Polymeric Straps with longitudinal axis (Degree)

Use of Straps with Parallel Array of CFRP ( | | )

Use of Straps with Cracial Array CFRP ( X )

Use of Straps with Parallel Array of GFRP ( | | )

Use of Straps with Cracial Array GFRP ( X )

16.85

18.48

19.16

21.47

17.75

22.82

25.20

22.93 23.58

29.00

22.28

25.97

15

17

19

21

23

25

27

29

31

30 45 60

D
ef

le
ct

io
n

 (
m

m
)

Angle between Polymeric Straps with longitudinal axis (Degree)

Use of Straps with Parallel Array of CFRP ( | | )

Use of Straps with Cracial Array CFRP ( X )

Use of Straps with Parallel Array of GFRP ( | | )

Use of Straps with Cracial Array GFRP ( X )



Civil Engineering Journal         Vol. 4, No. 5, May, 2018 

1017 

 

decrease deflection in the beam up to 50%; in contrast, the minimum effect of polymeric straps happens when GFRP 

straps with 10cm width in a parallel direction with latitudinal rods (𝛼 = 90°) are used. In this case, deflection of the 

beam without strap is only limited to 5%. 

When C30 grade concrete is used, the minimum effect is felt when 5cm straps of GFRP at 30° to the longitudinal 

axis of concrete surface are fixed. In this grade, the best performance is achieved by straps of 5cm CFRP that are curled 

completely around, and in this case deflection decreases by up to half the position without strap. 

Table 5. Proportion of Decrease in Deflection of Concrete Beam Grade C50 Retrofitted by Polymeric Straps to a Beam 

without Strap (%) 

Polymeric 

Strap 

Width 

(cm) 

Type of Array 

𝟑𝟎° 𝟒𝟓° 𝟔𝟎° 
𝟗𝟎° U shape T shape 

II X II X II X 

CFRP 
5 47.33 50.01 31.44 37.2 28.79 25.04 14.01 17.77 24.65 

01 40.61 37.39 44.35 31.66 29.32 19.71 10.28 13.97 20.46 

GFRP 
5 19.29 20.82 12.86 4.86 14.83 12.06 6.52 12.13 13.73 

01 15.33 26.19 17.03 15.47 14.75 17.28 5.15 7.41 8.67 

Table 6. Proportion of Decrease in Deflection of Concrete Beam Grade C30 Retrofitted by Polymeric Straps to a Beam 

without Strap (%) 

Polymeric 

Strap 

Width 

(cm) 

Type of Array 

𝟑𝟎° 𝟒𝟓° 𝟔𝟎° 
𝟗𝟎° U shape T shape 

II X II X II X 

CFRP 
5 43.14 43.32 41.99 42.01 42.65 36.02 33.22 46.29 50.25 

01 46.53 31.86 41.36 43.66 39.2 27.58 27.79 33.11 37.96 

GFRP 
5 10.48 9.68 21.21 25.18 40.65 29.8 28.4 41.12 41.81 

01 20.01 7.96 27.24 29.28 25.17 17.6 18.93 19.82 25.94 

14. Conclusion 

This research basically focused on the effect of using CFRP and GFRP to retrofit T-shaped concrete beams and the 

amount of decrease in deflection caused by straps with 5cm and 10cm of widths in different arrays fixed to concrete 

beams. The results of numerical analysis on 72 different arrangements reveal that in samples of C50 with 5cm straps, 

both CFRP and GFRP give the best performance when bound at 30° to the longitudinal axis. Meanwhile, the optimum 

position for 10cm straps is at 45° according to results of the analysis, while for C30, the trend of deflection is different 

from that of C50 based on different arrays. For C30 grade among other analysis models, the best function of polymeric 

straps occurs with 5cm CFRP in a complete coverage. In this case, deflection in the mid-span is about 50% of the case 

without cover. 

Also, the use of C50 carbonic straps with 5 cm of width at 30° and crucial array achieves up to 50% decrease in 

deflection compared to other arrays of polymeric straps. 
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