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Abstract 
 
As for as most of the structures are no more safely considered, so retrofitting 

is important.  The reason behind this issue is change in design standards, 

congestion, and absence of quality control. For maintaining the effectual 

serviceability, structures got damages should be strengthened, so that beam 

the same necessities  demands  of  structures  that  made  nowadays  and  in  

the  future.  It  has  become  both environmental  and  economical prefer to  

repair or  strengthen  the  structures  rather  than  to replace them totally. 

 

Keywords: Reinforced Concrete, CFRP Sheets, Failures and Crack 

Patterns, Beams. 
 

1 Introduction 

 

Economical and positive results have been achieved using of this 

technique [1]. Reinforced concrete structures are typically designed for 

development of its flexural strength to behave flexure in extreme loading. 

Shear failure is a brittle type of failure, which is more dangerous and less 

predictable. Excessive deflections occur with flexural failure which means it 

give a little warning but brittle failure occurred with shear failure [2] [3]. For 

both condition shear and flexure we may need to retrofit or strengthen the 

structure or its elements [4]. There are different retrofitting materials on hand  
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in the retail sector. Some of the retrofitting materials are ferrocement, steel 

plates and fiber reinforced polymer (FRP) composites. Steel plates and FRP 

composites are adequate techniques for retrofitting and repair of reinforced 

concrete (RC) structures [5] [6]. Both techniques gained comprehensive 

popularity, generate minimum site interruption, being fast, and creating 

minimumsection size adjustment. There have been several problems with 

steel plates, including corrosion of steel plates, handling difficulties with 

heavy steel plates, and the necessity for butt joint system due to small 

workable lengths [7]. On the other hand, FRP has been more desirable in 

comparison with steel plates because of its beneficial maximum high strength 

and ratio of stiffness to weight, cost-effective, chemically quite inactive, 

faster installation time, and durable retrofit [8].   

[9] studied, RC beams retrofitted with CFRP generate a superior 

improvement against elevated temperature. And an explicitly experimental 

study shows that simply supported RC beams retrofitted with CFRP and 

GFRP laminates could withstand the explosion of          of ANFO. Along 

with shear and flexure, FRP material gives torsional strengthening also. FRP 

fabrics increases the torsional moment capacity to a desired degree.  [10]) 

showed that the test of beams after retrofitting with external CFRP sheets.  

The outcomes obtained from this investigation and subsequent results have 

been made: FRP coating increased the ductility and bonding strength of the 

beam under monotonic load such that GFRP and CFRP coating improved the 

ultimate load by 24% and 60% respectively [11]. FRP coating also improved 

the strength of the bond all the while fatigue loading. And beams under 

monotonic loading have approximately the same stiffness. Control beam, 

CFRP and GFRP strengthened beams have same failure mode under the 

monotonic loading and fatigue loading [12]. GFRP strengthened beams and 

control beams experienced the abrupt bond failure in fatigue loading, and 

CFRP strengthened beam experienced an enhancement in deflection which 

gives a great warning before failure [13]. [14] carried out research to retrofit 

the reinforced concrete beams using composite CFRP sheets that are faced 

with torsional forces. The main variables considered were the position of 

retrofitting and the layout of CFRP. The results which were found out have 

been given below:  The research explored the increasing maximum strength 

of members bearing torsion. Their study showed that U-wrapped beams 

using CFRP and GFRP sheets increase the torsional moment to 101.8% and 

83.49%, and the angle of twist was 0.063 and 0.053 respectively, whereas, 

the angle of twist of the control beam was 0.0473. Fully U shape coated 

beam of CFRP and GFRP sheets are efficient in bearing the torsion. it has 

been shown that torsional force, angle of twist, and ductility of beams coated 

with CFRP have greater value than beams coated with GFRP sheets. [15] 

studied the alignment (vertical and inclined) positions of strips and the 

spacing considered between the CFRP strip. Conclusion drawn from the 

study are:  FRP coating increased the ductility and bonding strength of the 

beam under monotonic load such that GFRP and CFRP coating improved the 

ultimate load by 24% and 60%  
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respectively. And FRP coating also improved the strength of the bond all the 

while fatigue loading. And beams under monotonic loading have 

approximately the same stiffness. Control beam, CFRP and GFRP 

strengthened beams have same failure mode under the monotonic loading 

and fatigue loading. GFRP strengthened beams and control beams 

experienced the abrupt bond failure in fatigue loading, and CFRP 

strengthened beam experienced an enhancement in deflection which gives a 

great warning before failure. 

Numerous researches has done regarding retrofitting of reinforced 

concrete beam. But still the following research gaps exist: Minimal research 

in positioning the CFRP fabrics in angle direction on reinforced concrete 

beam. In addition, there was no research on finding the proper length of 

CFRP fabrics in which the reinforced concrete beam will have great ultimate 

strength. And it should be extended.  No study was done about crack widths 

in reinforced concrete beams retrofitted by CFRP fabrics in different 

positions. 

 

2 Materials and Sample Preparation 
 

The material used for experimental work shall be collected from locally 

available resources or nearby market place.  

Aggregates: The  coarse  aggregate  of  size  20 mm  down  (graded)  

sieve  shall  be  used from  locally  available resources. Angular aggregate is 

to be used.  The test required for coarse aggregate are water absorption,  

specific  gravity,  deleterious  material  and  organic  impurities,  impact  

value  and crushing value as per 1S 2386.  

Water: Water which has been used for casting and curing the beams 

should be Portable (pH Rang 6.5 to 7.4).  

Cement:    Grade UltraTech ordinary Portland cement with specific 

gravity 2.93 was used for preparation of concrete mix.  

     Figure 1 Material used for Casting of Beams 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

                                                                                                                  
 

 

 

 

 
 

Figure 1 Material used for Casting of Beams 

 

3 Results 
 
3.1 Modes of Failures and Crack patterns 

 

3.1.1 Different Types of Failures 
 

Failure modes of retrofitted beams have been carried out by visual 

inspection. Three failure modes were detected: flexural failure with CFRP 

sheet debonding, flexural failure with Steel rupture, and flexural failure with 

CFRP rupture.  Flexural failures with Steel and CFRP ruptures were 

observed on the beams in series A. The flexural cracks were intimated in the 

tension face below the load points. With the increasing of load, the bending 

cracks concurrently started to extend vertically upward. Since U-shaped 

CFRP sheets were around, these cracks were not widened. S1 and S2 beams 

failed by steel rupture and the CFRP sheets showed ductile manner. In S3 

and S4 beams, as the flexural cracks inseminate, concrete were crushed 

completely at the beam’s soffit and CFRP sheet got teared at the middle of 

the tension portion of the beam. In series B, S6 beam witnessed flexural 

failure with crushing of concrete and CFRP sheet got teared just at the 

middle of the beam. As in S6 beam the whole hogging  
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moment region was U-wrapped so visualization of cracks were not possible. 

Beam failure occurred as a breaking of concrete and CFRP sheet got teared at 

the middle of the beam’s tension side. In S5 beam, the flexural crack were 

proposed at the middle of the beam’s soffit. With the load increasing, the 

flexural cracks concurrently started to extend vertically upward. And it failed 

by steel rupture and the CFRP showed ductile manner. Results illustrate that 

outwardly bound CFRP sheets enhanced the maximum strength and stiffness 

of the beam. Furthermore, cracking size and deflection reduced. The efficacy 

of retrofitting through CFRP sheets in bending vary contingent on the layout 

of the CFRP sheet. CFRP sheet debonding occurred during the failure in S7 

beam.  

 

3.1.2 Crack Patterns  
 

The crack patterns are divided into two parts, the first part relates the 

crack initiated in the mid span of the beam due to flexural bending and 

second part relates the crack initiated in the shear zone due to shear stresses. 

The mode of failure primarily depends on the amount of external FRP 

reinforcement and the designing loading conditions.  Figure 2 shows Flexure 

cracks generate CFRP sheet debonding at mid span. Figure 3 shows 

Delamination of Laminate occurs due to Shear Deformation 

 

 
Figure 2 Flexure cracks generate CFRP sheet debonding at mid span 

 
 

Figure 3 Delamination of Laminate occurs due to Shear Deformation 

 
 

 

 



 

                                                                                                                  
 

 

 

The crack propagation and crack pattern of strengthened beams were 

different from the controlled beam.  The strengthened beams  showed  more   

number  of  cracks  with  smaller  in  width  and controlled beam had less 

number of cracks with larger in width. It specifies that CFRP sheet restrained 

the cracks propagation. The cracks in the beams SB-2 and SB-4 are very less 

in number and also smaller in width as compared to other retrofitted beams.   

The beams which are strengthened with two CFRP laminates are divided 

into shear and flexural cracks before concrete failure. But, the beams which 

were strengthened with one laminate showed flexural cracks before concrete 

fails. 

 

 
 

Figure 4 Crushing of concrete with CFRP sheet tearing. 

 

 
 

Figure 5 Crushing of concrete with CFRP sheet tearing. 

 

 
Figure 6 Crushing of concrete with steel rupture. 
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Figure 4 shows Crushing of concrete with CFRP sheet tearing. Figure 5 

shows Crushing of concrete with CFRP sheet tearing. Figure 6 shows 

Crushing of concrete with steel rupture. 

 
4 Conclusion 
 

The paper studied the effectiveness of various flexural strengthening 

CFRP sheet schemes for retrofitting of preloaded RC beams. The conclusions 

below are obtained from test results:  

1. U-shaped CFRP sheet provide anchored to the tension face CFRP and 

avoid its debonding. The use of U-shaped CFRP sheet are efficient in 

preloaded beams.  

2. The stiffness of beams retrofitted with CFRP sheets have been improved 

as compared to the stiffness of control beam as observed in S1, S2, and 

S5 beams.  

3. Using of CFRP sheet for retrofitting of beam reduce the maximum 

deflection of retrofitted beam to a point beneath the control beam.   

4. Crack widths of CFRP sheet retrofitted beams are decreased as compared 

to crack widths of control beam.   

5. Results exhibit that the major failure mode was flexural failure which 

include concrete crushing and steel rupture, and enhance the 

effectiveness of retrofitting. 
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