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Abstract  In this experimental investigation, CFRP 

fabrics are wrapped around RC beams to improve their 

flexural strength. The wrapped beams are then subjected to 

a two-point loading process, and the following test results, 

including ultimate load capacity and flexural strength of 

the wrapped beams, are compared with those of the control 

beam. A total of 9 RC beams were used in the 

investigational work, and the beam dimensions are 200 x 

250 x 2000mm. The casting work includes three control 

beams (CB), three beams wrapped in CFRP fabric in the 

base (BCFRPFB), and three beams wrapped in CFRP 

fabric in the base and along the two longer sides of the 

beams that were outwardly bonded with epoxy resin 

(BCFRPFBS). Experimental analysis was performed to 

study the outcome of CFRP fabrics on beams with the 

flexural strength, ultimate load capacity, stress-strain 

curves and load-deflection relationship. Results show that 

the average ultimate load capacity of the beam wrapped 

with CFRP fabrics on the base & along two longer sides is 

94% higher than that of the control beam and 27% higher 

than that of the beam wrapped with CFRP fabrics on the 

base of the beam. 

Keywords  Flexural Strengthening, RC Beam, CFRP -

Carbon Fiber Reinforced Polymer, Fiber Reinforced 

Polymer (FRP) 

1. Introduction

In recent decades, FRP has been generally known as a 

leading material for the enhancement of the flexural 

strength of RC beams. The RC beams can enhance the 

flexural strength with common methods, such as externally 

bonded method or near surface mounted method with 

high-strength materials, such as steel plates, mesh and fiber 

reinforced polymer etc. [1]. Ashour et al [2] in their study, 

examined the mechanical performance of RC beam 

specimens strengthened with 3D-fiberglass as associated 

with fiber-reinforced polymers (FRP) sheets. For this 

purpose, 6 RC beams were fabricated, strengthened, and 

subjected to testing using the four-point method. Typically, 

the RC beam experiences flexural and shear failures. Most 

RC beams require strengthening to resist early failure. The 

special qualities of CFRP fabrics and GFRP fabrics, such 

as high strength to weight ratio, excellent tensile strength, 

corrosion resistance, and low thermal expansion, are more 

prominent than those of other materials such as steel plates, 

mesh etc. [3]. Ayesha Siddika et al. [4], in their research, 

aimed to boost the strength and concert of RC beams by 

utilizing the CFRP. A variety of strengthening techniques 

and surface treatments were used and they include normal 

beam, where strengthening is applied on the tension side 

and wrapping of the beam is done along the three sides of 

the with CFRP sheets, CFRP strips were placed at the base 

of the beam with a spacing of 150 mm c/c and cross strip 
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wrapping is applied to small-scale beams to see how they 

influenced load capacity and flexibility. The findings 

indicated that CFRP made a significant difference in 

enhancing the beams' strength and ductility. The ultimate 

load capacity of the beam was increased by 60.9% from the 

beams that served as standard set beams. The results show 

that using the U wrap system in conjunction with wrapping 

along the three sides with reinforcement, produced the best 

results associated with the control beams [4-6]. CFRP 

fabrics encapsulated in an epoxy matrix have high tensile 

strengths to their weight. The extent of surface preparation 

is critical to achieving a good bond between the concrete 

external and the CFRP [7]. Retrofitting RC structures has 

developed gradually significantly due to issues like 

corrosion, overuse, and the need to support heavier loads. 

The CFRP presents a strong, lightweight, and durable 

alternative to steel for enhancing shear, flexural, and 

confinement strength [8,9]. In Kim et al.'s study [10], the 

CFRP shear strengthening is done with U-wrapping and 

full wrapping. The full wrapping of the beam affords a 

201.6% increase in ultimate load capacity associated with 

both the U-wrap and control. Although the U-wrap is 

usually more applicable, it is susceptible to failure by 

premature debonding. Among the many categories of FRP, 

the carbon fibre reinforced fabrics are high-performance 

materials used to reinforce and repair existing structures, 

enhancing their load-bearing capacity and durability 

[11,12]. A comprehensive life-cycle exhaustion 

assessment of reinforced concrete (RC) beams retrofitted 

with prestressed carbon fiber–reinforced polymer (CFRP) 

plates is carried out using an analytical modeling approach, 

rather than treating the analysis as a generalized 

deterministic method. Crucially, this prediction model 

uniquely considers the progressive effect of FRP 

debonding to reflect one of the most significant failure 

mechanisms experienced under cyclic loading [13]. Guo D 

et al. [14], in their work, address that temperature effects 

can greatly accelerate interfacial damage and reduce the 

efficacy of the strengthening process, which is most helpful 

for the durability assessment of FRP-strengthened steel 

structures. The study examines cyclic loading's effect on 

fatigue-driven crack propagation at the CFRP–concrete 

interface, and shows that it accelerates the interfacial 

debonding where fatigue governs the long-term durability 

of CFRP-strengthened RC beams [15]. The study analyzes 

the fatigue performance of RC continuous beams 

strengthened with external CFRP tendons, showing that 

prestressing with CFRP tendons increases the load-bearing 

capacity significantly while delaying crack growth and 

increasing long-term durability when subjected to cyclic 

loading [16]. It is made up of woven carbon fibers that are 

bonded to surfaces using resin systems, resulting in 

composite systems that are strong, lightweight, and durable 

[17]. The investigation of flexural strengthening 

effectiveness of NSM-CFRP strips on RC beams showed 

that they are effective for all concrete compressive strength 

classes and that when demonstrating load capacity 

improvement, there is a delay in the formation of cracks 

and an improvement in ductility irrespective of the 

concrete compressive strength class [18,19]. The effect of 

CFRP sheets bonded to the sides of shear walls on the shear 

behavior of RC T-beams demonstrated that shear capacity 

improved with the introduction of CFRP reinforcement; 

cracks were delayed, and ultimately the overall 

rehabilitation was better than if nothing had been done [20]. 

The structural behavior of an RC beam strengthened with 

FRP and reinforced with corroded rebar was examined in 

the study, and it was decided that FRP reinforcement 

successfully provided a restoration of load capacity and 

ductility as well as mitigated the overall effects of 

corrosion damage [21]. High strength ratio, effective at 

restoring load capacity and structural stiffness and 

durability in harsh environments are superior mechanical 

qualities over the other varieties of FRP fabrics. CFRP 

fabrics are also the best option for use in seismic 

maintenance and/or when higher confinement pressure is 

required to achieve enhanced structural capacities [22]. 

According to P. Manibalan et al. [23], the flexural 

performance of BFRP strengthened RC beam is 

per-formed using repetitive loading to cause failure. The 

strategy for outward attachment FRP is recognized as an 

informal way to restore present reinforced concrete 

structures and provide shelter quickly rather than replace 

the frail existing structure. Basalt FRP is gaining increasing 

attention in recent studies owing to its environmentally 

friendly aspect. The RC beams exhibit greater stiffness, 

load-carrying ability, and energy absorption capacity due 

to BFRP strengthening. 

Several techniques were investigated in strengthening 

and rehabilitating using FRPs composites. The 

external-bonded technique (EB) and near-surface-mounted 

(NSM) technique were viewed as the promising 

strengthening systems since they improve the shear and 

flexural capacity of the RC structures. Shrestha et al. [24] 

conducted an investigation on the effectiveness of 

FRP-strengthening techniques on corroded steel 

reinforcement and deteriorated reinforced concrete beams. 

Instead of repairing the concrete cover that had corroded, 

the FRP-strengthening system was employed straight away. 

Using a 3D optical scanning approach, the average and 

maximum corrosion levels of steel reinforcement were 

determined. Even with an average corrosion level, 

FRP-induced crack corrosion up to 1.9 mm with local 

corrosion levels up to 57%. Improvement method (was 

applied directly to the beam without repairing the 

worsened concrete cover). It was beneficial for the 

modernization of the rolling capability. Applied the jacket 

effect, stratification of concrete covers is always removed, 

leading to GFRP, CFRP plate coefficients up to 64%. 

Studies indicate that EBR and NSM CFRP systems 

improve RC beam flexural strength; however, NSM shows 

higher bond strength and greater load increases, while EBR 
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is often limited by premature debonding. CFRP 

strengthening of pre-damaged beams restores 30–57% of 

the lost capacity, and key factors affecting performance 

include bond quality, laminate width, and preload level. 

Common failure modes have changed from steel yielding 

and debonding (EBR) to concrete crushing and cover 

separation (NSM). Despite these advancements, a serious 

research gap exists since there are currently no models with 

a design orientation that sensibly connect experimental 

parameters (e.g., bond length and fiber architecture) to 

recommendations based on code while predicting flexural 

strength [25]. 

The present research represents an advanced 

experimental and analytical investigation into the flexural 

strengthening of RC beams with externally bonded CFRP 

fabrics, with a view to optimizing the bond configuration, 

method of surface preparation, and fiber orientation for 

maximum flexural efficiency. Unlike most of the past 

studies that have considered comparisons only for 

single-layer or single-face wrapping, this study will look 

into various aspects of multi-face and full-length wrapping 

schemes under controlled two-point loading conditions for 

beams made from M40 grade concrete, incorporating strain 

gauge instrumentation and load–deflection monitoring to 

quantify the flexural enhancement. The investigation offers 

an overall performance index relating CFRP thickness, 

fiber layout, and bond length to the resultant increase in 

load-carrying and serviceability and provides a 

design-oriented approach for practical retrofitting 

applications. 

2. Materials and Methodology 

2.1. Test Specimens 

The experimental work involves 3 RC control beams, 3 

RC beams wrapped with CFRP fabrics on the base, and 3 

RC beams wrapped with CFRP fabrics on three sides (the 

bottom and two longer sides). Each beam measures 2000 

mm in length, 200 mm in width, and has a depth of 250 mm. 

As illustrated in Figure 1, the reinforcement consists of 

8mm bars spaced 175mm apart from center to center. The 

beams are strengthened with 2#12 mm diameter bars in 

both the tension and compression zones, respectively. 

2.2. Material Properties 

The concrete mix design of M40 grade was prepared for 

the casting of RC beams. The constituents required for the 

concrete are OPC 53 Grade of cement, coarse aggregate 

with a nominal size of 20mm and fine aggregate of particle 

size greater than 150μm passing through a 4.75mm sieve. 

The M40 grade of mix design is obtained to attain the 

characteristic compressive strength of 40 MPa at 28 days as 

per the guidelines in IS 10262:2019 and IS 456:2000 

[26-28], and to attain proper workability, which was 

ensured to facilitate compaction and placement during 

beam casting using an appropriate water-cement ratio and 

admixture of superplasticizer Fosrac 340 added. 

The RC beams were cast using the designed M40 grade 

of concrete. The steel reinforcement considered was 

HYSD bars with a yield strength of 550 MPa and a 

modulus of elasticity of 200 GPa. The reinforcement was 

safely tied and supported with spacers to provide the 

specified cover. The formwork was cleaned and oiled 

before placement. Concrete pressure is stipulated to be 

placed in layers. Individually, the layer was compacted 

with a mechanical vibrator to eliminate air and unify the 

concrete mass. The beams were demoulded after 24 hours 

of casting and water cured in a controlled laboratory 

environment for 28 days to allow for complete hydration to 

achieve the desired strength properties. The three standard 

cubes of size 150mm x 150mm x 150mm were cast from 

the same batch as the beams and cured for a period of 28 

days. After 28 days curing, the cubes were subjected to 

compressive strength tests, and the average compressive 

strength (f’c) of the three specimens was 41 MPa, which 

surpassed the target characteristic strength of 40 MPa and 

consequently validated the mix design. 

Flexural tensile strength, commonly known as the 

modulus of rupture, is the maximum tensile stress that a 

beam experiences at its outermost fiber when it bends to 

the point of failure. In contrast to direct tensile tests, 

flexural tests assess tensile behavior indirectly via bending, 

which brands them mainly helpful for inelastic materials 

such as concrete. 

fT = PL/ bd2                    (1) 

Where, 

fT = Flexural tensile strength in MPa 

P = Total applied load at failure in N 

L = Effective span of the specimen between the 

supports (mm) 

b = Width of the beam in mm 

d = depth of beam in mm 

The equation 1, evaluates the maximum tensile stress 

developed at the bottom of the beam under bending. It is 

used to measure the concrete resistance to flexural tension, 

indicating its cracking strength. 

The characteristics of the CFRP fabrics and epoxy 

adhesive, as specified by the manufacturer, are publicized 

in Table 1. 
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Figure 1.  Beam reinforcement detailing 

Table 1.  Characteristics of CFRP fabrics & Epoxy adhesive  

Material Density Thickness mm Elastic Modulus (GPa) Tensile strength (MPa) 

CFRP Fabrics 1.78 gm/ cm³ 0.4 ≥ 250 ≥ 4900 

Epoxy adhesive 1.35 kg/liter - 2-5 >19 

 

2.3. Strengthening Procedure 

Before being cleaned, the surfaces of all the cast beams 

were ground to a rough surface for improved adhesion to 

CFRP fabrics. Following that, the locations where the 

CFRP fabrics must be attached were marked. The base and 

hardener must be mixed in a 4:1 ratio to prepare the epoxy 

paste. The CFRP fabrics, which were impregnated with the 

primer by rolling, must be trimmed to the proper lengths. 

Additionally, a primer and epoxy layer were brushed onto 

the beam surfaces, and then the CFRP fabrics were 

attached to the bottom as publicized in Figure 2. The same 

process must be followed to prepare three further sets of 

beams, and CFRP fabrics must be fastened to all three sides 

of the beam. 

  

(a)                          (b) 

 

(c) 

 

(d) 

Figure 2.  Strengthening procedure. (a) External preparation (b) 

Applying epoxy on beam surface (c) Applied CFRP fabrics on the 3 sides 

of the beam (d) Wrapped beam under loading machine 
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2.4. Test Setup 

A two-point loading method was applied in the 

experimental study. The test was set up within a loading 

frame to allow a hydraulic jack to place the load on the 

beam specimen. A spreader beam which is I-Section 

shaped receives the load from the jack and transfers it onto 

the beam specimen. The beam specimens were named 

based on the strengthening materials used. At the beams 

center and at the supports, the digital dial gauges were 

fixed to quantify the deflection. The load was added 

incrementally using a handheld lever on the hydraulic jack. 

The load was manually added equally until the beam 

reached the failure. The variation in strain and the 

deflection interpretations were recorded for every 2kN load 

increment. The experimental setup of the specimen is 

publicized in Figure 3. 

The outline of the beam laboratory is publicized in 

Figure 4. A Universal Testing Machine (UTM) with a 

capacity of 2000 kN was employed to apply loads to all 

beams using a two-point loading method at a displacement 

rate of 2 mm per minute, in accordance with IS516:2018. 

Furthermore, the five strain gauges were attached to the 

beam to measure its deflection. 

 

Figure 3.  Experimental arrangement for two-point loading 

 

Figure 4.  Actual laboratory setup for testing 
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3. Test Results

This section dives into the experimental observations 

and results from analyzing the load-deflection of M40 

grade RC beams under two-point loading. 

3.1. Control Beam 

The standard experimental procedure was followed. 

Initially, a load of 2kN was applied to the beam, and at this 

early stage, the concrete held up well under the pressure. 

As the load increased, the first crack appeared at 22kN, 

measuring 0.56mm in width and causing a deflection of 

3.73mm. The second crack was observed at 28kN, with a 

width of 0.73mm and a deflection of 5.177mm. Then, a 

third crack pattern emerged, showing a width of 0.79mm 

and a deflection of 5.646mm. The fourth crack was noted 

with a width of 0.85mm and a deflection of about 6.227mm, 

and as the load continued to vary, it eventually reached the 

failure limit. The crack patterns observed on the beam are 

shown in Figure 5, while the corresponding load versus 

deflection is depicted in Figure 6 below. The load versus 

deflection curves give a brief about how the beam responds 

to increasing loads, showcasing its transition from elastic 

deformation to ultimate failure. This illustrates the 

nonlinear flexural performance of the RC beam as the load 

gradually increases. As the load rises, the curve shifts into a 

nonlinear phase due to the formation and growth of flexural 

cracks, which leads to a decrease in stiffness. Ultimately, 

the beam reaches a peak load of 103kN, with a crack width 

of 0.96mm and a maximum deflection of 11.088mm. 

Figure 5.  Crack patterns of control beam 

Figure 6.  Load V/S Deflection of Control beam 

3.2. Beam Strengthened with CFRP Fabrics at Bottom 

The standard experimental procedure was adhered to 

throughout the process. In the initial phases of loading, the 

concrete seemed to hold up well under the applied weight. 

As the load increased, the first crack was noticed on the 

beam at 28kN, which measured 0.29mm in width and a 

deflection of 1.076mm. The second crack appeared at 

32kN, with a width of 0.34mm and a deflection of 

2.187mm. Then, at 38kN, we observed a third crack pattern, 

which had a width of 0.35mm and caused a deflection of 

5.817mm. The fourth crack was noted with a width of 

0.38mm and a deflection of about 6.227mm, and as we 

continued to apply load, the cracks evolved until reaching 

the failure limit. The crack patterns noticed on the beam are 

illustrated in Figure 7, and the corresponding load versus 

deflection is represented in Figure 8. The load V/S 

deflection curve, which is publicized in Figure 8, illustrates 

the complex flexural behaviour of an RC beam as it 

undergoes progressive loading, which is crucial for 

grasping structural behavior in advanced research. At first, 

the beam displays a steep linear slope, reflecting uncracked 

elastic behavior and high stiffness. However, as the loading 

increases, it starts to indicate the tensile cracking in the 

concrete and a decrease in the flexural stiffness. 

After 7mm deflection, it starts to notice an increase in 

resistance, with the wrapping of the CFRP fabrics to the 

beam. The ultimate load attains 157.87kN, with a 

maximum deflection of 8.532mm. 

Figure 7.  Crack patterns of Beam strengthened with CFRP Fabrics at bottom 
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Figure 8.  Load V/S Deflection of Beam strengthened with CFRP Fabrics at bottom 

3.3. Beam Strengthened with CFRP Fabrics along 

Three Sides of the Beam 

The standard experimental procedure was adhered to 

throughout the process. In the early stages of loading, the 

concrete demonstrated impressive strength, successfully 

bearing the applied load. As the load increased, the first 

crack appeared on the surface at 46kN, measuring 0.45mm 

in width and resulting in a deflection of 7.628mm. The 

second crack was observed at 52kN, with a width of 

0.51mm and a deflection of 8.442mm. A third crack pattern 

emerged at 58kN, showing a width of 0.54mm and a 

deflection of 9.296mm. The fourth crack was noted with a 

width of 0.59mm and a deflection of approximately 

9.859mm, and further variations in the cracks were 

observed as the load approached the failure limit. The 

crack patterns on the beam are illustrated in Figure 9, while 

the corresponding load versus deflection data are presented 

in Figure 10. The load V/S deflection curve shown in the 

below figure illustrates the typical nonlinear flexural 

behavior of a reinforced concrete beam as it bears an 

increasing load. At first, the beam shows a linear elastic 

response up to about 3 mm of deflection, which indicates 

that it remains uncracked and maintains maximum stiffness. 

As the load continues to increase, the curve shifts into a 

nonlinear phase, marked by the onset and growth of 

flexural cracks, which leads to a decrease in stiffness. Once 

the deflection reaches around 6 mm, the reinforcement 

takes over as the main load-bearing element, and the curve 

displays a steady, gradual increase, reflecting ductile 

behavior and energy absorption. The ultimate load attains 

200.376kN, with a maximum deflection of 10.482mm. 

3.4. Flexural Tensile Strength 

The flexural tensile strength of the control beam 

obtained 18.45 MPa, the strength of a beam wrapped with 

CFRP Fabrics on base obtained as 25.25MPa and the beam 

wrapped with CFRP fabrics on base & on sides obtained 

32.0MPa. The results indicate a significant enhancement in 

flexural performance due to wrapping. The beam wrapped 

with the CFRP Fabrics at the base has improved flexural 

strength associated with the control beam. The increased 

flexural strength is about 36.85% higher than that of the 

control beam. The beam that is wrapped with CFRP fabrics 

at the base and both longer sides is 73% higher than the 

control beam. This means that wrapping the beam with 

CFRP fabrics helps to control cracking and increase 

ductility. Furthermore, it fulfills the role of external 

reinforcement, confining the tensile zone and increasing 

load-carrying capacity. 

3.5. Discussion of Findings 

The findings also include the ultimate strain in the CFRP 

wraps (εfrp), mid-span deflection at ultimate load (δu), and 

the % of increase in ultimate load (Pu) associated to the 

normal specimen. Table 2 displays the results summary. 

Figure 11 displays the load against mid-span deflection 

responses of the beam. 

Figure 11 illustrates the mid span load deflection 

behaviour of three different beams that are control beam, 

beam wrapped with CFRP fabrics on base (BCFRPFB) and 

beam wrapped with CFRP fabrics along three sides of the 

beam (BCFRPFBS). The BCFRPFB and BCFRPFBS 

beams display suggestively more load carrying capacity 

associated with the CB beam as indicated in the graph, as 

the curve extends to higher load values before significant 

failure. Table 2 indicates that the control beam's ultimate 

load carrying capability is much lower than that of the 

beams reinforced with CFRP fabrics along the three sides. 

It is clear that when comparing the ultimate load with the 

control beam, the % of increase in Pu is 62% higher, and 

when comparing the BCFRPFBS with the BCFRPFB,  

the % increase in load is approximately 32% higher. The 

experimental outcomes specify that the ultimate load and 
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the % increase in Pu are higher when compared with the 

control beams. The values of ultimate strain obtained in 

Table 2 show that the BCFRPFBS utilized the strain more 

(0.0057). Strain describes the relative deformation 

produced by a material under load, defined as the change in 

length based on unit length. For flexural and shear 

strengthened members, distributions of strain, depict 

relative deformation capacity and ductility at failure. Beam 

BCFRPFBS reached 28.66 % of its ultimate strain capacity 

at failure and beam BCFRPFB reached 23.21 % of its 

ultimate strain capacity at failure. The beam BCFRPFBS 

was able to undergo a greater proportion of its ultimate 

strain capacity compared to BCFRPFB before failure 

occurred. This higher strain utilization implies the beam 

could deform more under load without experiencing brittle 

failure, allowing better energy absorption and 

redistribution of stresses. 

Figure 9.  Crack patterns of Beam Strengthened with CFRP Fabrics along three sides of the beam 

Figure 10.  Load V/S Deflection of Beam Strengthened with CFRP Fabrics along three sides of the beam 

Table 2.  Discussion of findings 

Beam Pu(KN) δu (mm) εfrp (με) % Increase in Pu % Increase in δu 

CB 115.368 14.191 - - - 

CB1 115.368 9.647 - - - 

CB2 109.296 9.426 - - - 

BCFRPFB 151.800 8.974 4400 - - 

BCFRPFB1 157.872 8.247 4100 37 23.21 

BCFRPFB2 157.872 8.452 4200 - - 

BCFRPFBS 200.31 11.546 5700 74 28.66 

BCFRPFBS1 200.31 10.045 5000 - - 

BCFRPFBS2 200.31 9.854 4900 - - 
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Figure 11.  Mid span load deflection curves 

4. Conclusions

The implementation of CFRP fabrics in concrete 

enhances the flexural strength. This study examined the 

flexural strengthening of RC beams, wrapped with CFRP 

fabrics on one side of the beam (bottom) and three sides 

(bottom and along two longer sides). 

All beam specimens underwent two-point bending tests, 

and response curves for the mid-span load displacement 

were plotted. The experimental findings led to the 

following conclusions, 

 The beam reinforced with CFRP fabrics at the base 

demonstrates an average ultimate load capacity of 

155.848 kN and a working load of 60.72 kN, which is 

57% higher than the control beam. 

 A beam applying CFRP fabrics along the three sides 

of the beam, achieved an average ultimate load of 

(200.31 kN) and working load (42.504 kN) of 143% 

greater than the control beam. The ultimate load 

reached is nearly double when the beams are wrapped 

with CFRP fabrics along the three sides of the beam. 

This change implies that the CFRP is directly 

combating tensile stresses from bending and thus 

greatly augmenting the flexural capacity. The side 

wrap adds confining shear stress and lateral support, 

which provides constraints to crack widening and 

assists in delaying shear failure.  

 When the beam is wrapped with CFRP fabrics placed 

at its base, a considerable rise in flexural strength is 

noted, as is also the case with the beam wrapped with 

CFRP fabrics at its base and on the two longer sides. 

The flexural strength of the beam wrapped with CFRP 

fabrics only at its base is 36.85% larger than the 

control beam, while the flexural strength of the beam 

wrapped with CFRP fabrics along the three sides of 

the beam is improved by 73% compared to the control 

beam. This arrangement has also been publicized to 

be optimal for increasing the load capacity of the 

beam and significantly increasing the ductility of the 

RC beams. 

 The maximum load-bearing capacity of the beam 

encased with CFRP fabrics on three sides is greater 

than both the control beams and the beam that was 

wrapped with CFRP fabrics on one side. The 

three-side wrapping plan is a good option when 

beams can't be fully wrapped. The three-side CFRP 

wrapping strategy is effective because it 

simultaneously improves flexural capacity, shear 

resistance, and ductility, while providing lateral 

confinement to concrete and ensuring better strain 

utilization. 

Compared to one-side wrapping, it addresses more 

failure modes, and compared to full wrapping, it remains 

practical for retrofitting existing beams without major 

structural alterations. 

5. Scope for Further Research

 Future work can be built on investigating alternative 

and hybrid strengthening schemes to enhance the 

performance-to-cost ratio. Full wrapping systems, 

partial wrapping at critical zones, or the use of CFRP 

and other composite materials like GFRP, BFRP, or 

steel plates may provide ways to optimize the balance 

between stiffness, ductility, and economic feasibility.  

 The effects of anchorage enhancement methods can 

also be studied (e.g., mechanical fasteners, U-wraps, 

or fan-shapes ends, etc.) to minimize the risk of 

debonding and improve the competence of load 

transfer. 
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 Research studies under cyclic and fluctuating stress 

conditions will also assist in understanding the 

behavior of strengthened beams when subjected to 

repeated traffic load (for example, vehicles, railcars, 

and pedestrians) or seismic loading. 

 CFRPs' contribution to impact resistance, blast 

protection, and post-fire residual capacity should be 

researched, especially for use in critical infrastructure 

and defense facilities. 

6. Limitations 

 The experimental effort is limited to monatomic static 

loading situations, and does not consider the cyclic or 

fatigue effects characteristic of structures subjected to 

repeated or dynamic loading conditions, as in bridges 

or buildings in seismic zones. 

 This study includes only the specific configuration of 

CFRP with a fixed thickness, fiber orientation and the 

bond length. Variation of these parameters and the 

inclusion of other types of FRP are not included. 

 Conducting experiments on beams that are 

strengthened with CFRP and cast using high-strength 

concrete and reinforcement demonstrates 

controllability and repeatability, but has some 

constraints relative to more common RC members 

that might need retrofitting. High-strength materials 

experience fewer cracks and experience stiffer 

behavior, which may limit the identification of early 

tensile failure, and lead to non-representative bond 

behavior or crack patterns with existing low-grade 

concrete in aged concrete structures. The bond-slip 

interface between CFRP and high-strength concrete 

usually behaves more linearly, and exhibits a sudden 

final failure, which may understate energy dissipation 

and ductility.  
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