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Abstract 

This paper is an attempt to study the effect of CFRP 

strengthened RC beams under four point bending test. Two 

categories of beams are scaled in such a way that the ratio of 

overall depth to width is kept constant at 1.33 and effective 

span to the width of the beams is also kept at 10. Each 

category of the beams are designed to measure the effect of 

CFRP on flexural strengthening. Failure pattern of the beams 

are also shown and compared with available models. CFRP 

sheets are applied at the bottom of the beams assuming 

minimum exposure of the structural member. Total twelve 

numbers of the beams are tested in which two beams are 

considered as control beams. Shear reinforcement is avoided 

in middle one-third portion to have pure flexural failure at that 

zone. At the end, it is found that the amount of strengthening 

ratio (length of CFRP, Lc to effective length L) does not affect 

ultimate strength significantly. 

Keywords: CFRP; RC Strengthening; Flexure failure; FRP 

Length. 

 

INTRODUCTION 

It has been a challenging task to repair, maintain, and enhance 

the capacity of existing civil structures. Carbon fiber 

reinforced polymer (CFRP) sheet has been used as a 

strengthening material for the existing reinforced concrete 

(RC) members and is emerged as a better solution in recent 

times. The advancements of different adhesives, as far as 

bonding capabilities are concerned, also encourage the 

application of CFRP. With the passage of time the cost of 

fiber reinforced polymer (FRP) continues to decrease and it 

has become evident to use it in civil infrastructures [1]. The 

Strengthening of concrete, with CFRP results in an increase in 

load capacity as well as an increase in stiffness [2]. CFRP 

sheets having properties like tailorability, chemically 

inertness, high tensile strength, high strength to weight ratio, 

and ease in application make it suitable for strengthening of 

RC elements. Different arrangements with respect to the 

direction of fibers, thickness of sheets, and number of layers 

are proposed by researchers [3], [4]. Gao et al., discussed 

about possible failure pattern on FRP strengthened RC beam 

[5]. There are six types of failure in a FRP strengthened 

beams which depend upon the possibility of achieving 

ultimate value out of the three materials used i.e., concrete, 

steel, and CFRP. Concrete crushing prior to steel yielding, 

rupture of FRP warp, shear failure, delamination of CFRP, 

concrete cover separation, and concrete compression failure 

after steel yielding are the possible failure cases. The bond 

between CFRP and concrete depends upon the development 

length of the adhesive as far as external strengthening of RC 

members is concerned [6]. 

 

EXPERIMENTAL PROGRAM  

RC beams were tested in four-point loading conditions. The 

beams were categorized as series A, and B. The basis of 

categorization is shown in Table 1. Each series of the beams 

comprise a control beam without CFRP so that its behavior 

can be compared. Other beams are having different lengths of 

CFRP as per Table 1. 
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Table 1: Categorization of beams. 

Series/ Beams Length of 

CFRP, Lc 

(mm) 

Number of 

Layers 

Effective 

Span, L 

(mm) 

Overall Depth, 

d (mm) 

Width, b 

(mm) 

d/b L/b Lc/L 

A A1 Nil Nil 1500 200 150 1.33 10 - 

A2 700 2 0.47 

A3 700 1 0.47 

A4 900 0.6 

A5 1100 0.73 

A6 1300 0.87 

B B1 Nil Nil 1200 160 120 - 

B2 560 2 0.47 

B3 560 1 0.47 

B4 720 0.6 

B5 880 0.73 

B6 1040 0.87 

 

GEOMETRY AND REINFORCEMENT DETAILS 

The longitudinal and transverse profile of series A, and B 

beams are shown in the Figure 1 and Figure 2 respectively and 

the specification of an individual series is defined in Table 2. 

The transverse reinforcement is avoided at the centre one third 

portion of the beam to observe the flexural failure. A clear 

cover of 25 mm was provided for both the beams with an end 

cover of 25 mm. It was ensured with end cover blocks and 

separators. The beams were cast with the calculated design 

ratio. All the beams were wrapped with jute bags for 28 days 

curing.  

 
 

Figure 1: Longitudinal profile of Series A, and B beams. 

  

Figure 2: Transverse profile of Series A, and B beams. 

Table 2: Specification of Series A, and B beams. 

Properties Series A Series B 

L 1500 mm 1200 mm 

g 100 mm 80 mm 

h 100 mm 80 mm 

D1 2 # 12 φ 2 # 12 φ 

D2 3 # 12 φ 2 # 12 φ 

D3 6 φ @ 125 mm c/c 6 φ @ 100 mm c/c 

b 150 mm 120 mm 

d 200 mm 160 mm 

e 25 mm 25 mm 

 

MATERIAL PROPERTIES 

Portland-pozzolana cement (PPC) - 43 grade was used for the 

investigation. All The physical properties were tested in 

accordance to the Indian Standards [7]. River sand was used 

as fine aggregate with specific gravity 2.58 and passing 

through 4.75 mm IS sieve. Water absorption and bulk density, 

loose and compacted dry, were investigated too and found out 

as 0.9 %, 1649 kg/m3, 1812 kg/m3 respectively. The size 

range of coarse aggregate was 4.75 mm to 20 mm. TMT bars 

of size 12 mm diameter were used as longitudinal bars. 

Physical properties of the bars were taken from the data sheet 

provided by the supplier. Yield stress, Tensile strength and 

percentage elongation for 12 mm diameter TMT bars were 

500 N/mm2, 565 N/mm2, and 16 % respectively. All the 

stirrups were of 6 mm diameter mild steel bars with 250 

N/mm2 yield stress. 

M30 grade of concrete was designed as per Indian Standard 

[8]. Three numbers of 150x150x150 mm3 cubes were cast to 

check the 28th day compressive strength at the time of beam 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 24 (2017) pp. 14075-14081 

© Research India Publications.  http://www.ripublication.com 

14077 

test and average value was found as 30.66 N/mm2. The water-

cement ratio was taken as 0.42, to achieve the target strength. 

The design mix proportion was calculated as 1:1.94:2.46 by 

weight. Unidirectional carbon fiber fabric of thickness 0.115 

mm was used in the investigation. Epoxy Resin 520 is a 

moderate viscosity liquid epoxy resin. The resin provides 

good pigment wetting and fiber glass cloth wetting with a 

high level of mechanical and chemical resistance properties in 

the cured state. Its long pot life & low viscosity develops less 

stress for laminated components. The properties of CFRP and 

Epoxy Resin were taken from the data sheet provided by the 

supplier which is shown in Table 3. The mix proportion of 

Epoxy Resin 520 and Hardener D was given as 100:18 

percentage by weight. The curing period was 24 hrs. 

 

Table 3: Properties of the CFRP, Epoxy Resin, and Hardener. 
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CFRP 

Woven Pattern: 

Unidirectional 

Epoxy 

Resin 

Specific Gravity: 

1.15-1.18 

Tensile Strength: 

≥2750 MPa 

Pot life at 270C: 

1.5-2 hrs. 

Width: 500 mm 

Flexural 

Strength: 117 

MPa 

Thickness: 0.115 

mm 
Hardener 

Specific Gravity: 

0.98 

Mass/Area: 245 

g/m2 
Type: Polyamine 

 

Bonding of CFRP warps 

Surface preparation is an integral part of the application 

otherwise proper bonding may not be achieved. All the dust 

and debris were removed first from the tension side of the 

beams. Then the tension face of the beams were roughened by 

sand paper so that bonding between epoxy and concrete take 

place. Hot air was blown on the surface as it was necessary to 

keep the surface moisture free. Then epoxy resin and hardener 

were mixed with a ratio of 100:18 (by weight) as provided by 

the supplier. The mixture was stirred for 15 minutes to assure 

the uniform color. The fabrics had been cut to size and the 

epoxy resin was applied to the concrete surface. The CFRP 

warp was then placed on the top of epoxy resin coating and 

the resin was squeezed through the roving of the fabric with 

roller. It was assured that no air bubble was entrapped at the 

interface. All the beams were cured at room temperature for 

24 hours.  

EXPERIMENTAL SETUP 

Experiment was aimed to carry out the effect of CFRP in 

flexural strengthening. Four point loading setup was adopted 

for the experiment. Two linear variable displacement 

transducers (LVDT) were installed at L/3 and L/2 to calculate 

the deflection at each load increment. All the significant 

parameters were recorded during the experiment. 

Experimental setup and beams with CFRP are shown in 

Figure 3 and Figure 4 respectively. The load was transferred 

from Jack to the two cylindrical solid steel bars symmetrically 

with the help of I-beam. The rate of loading was kept constant 

for all the twelve beams. Grid of sizes 50 mm and 40 mm 

were made on the exposed surface of the series A and series B 

beams respectively so that crack pattern can be observed and 

located correctly.  

 

Figure 3: Experimental set up. 

 

 

Figure 4: Beams with CFRP. 

 

RESULTS AND DISCUSSIONS 

All the results obtained after performing experiments have 

been critically analyzed. The effect of CFRP on tension zone 

have been observed and found out as expected. Load versus 

deflection curves are drawn in Figure 5 (a-d) for both the 

categories. The failure loads were obtained from the load-

deflection curves at the location of maximum load applied [4]. 

The quantitative measure of ductility has to be with reference 

to the load-deflection response. The ratio of the ultimate 

deformation to the deformation at the beginning of the 

horizontal path (or, at first ‘yield’) can give a measure of 
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ductility. However, each choice of deformation (strain, 

rotation, curvature, or deflection) may give a different value 

for the ductility measure [9]. 

 

Figure 5(a) 

 

Figure 5(b) 

 

Figure 5(c) 

 

Figure 5(d) 

Figure 5 (a-d): Load versus Midspan Deflection and Load 

versus Deflection at L/3. 

The values of ultimate load, load at first crack and percentage 

change in load capacity are given in Table 4. Maximum 

enhancement in the ultimate load capacity is found in A5 and 

B5 beams. The observed failure patterns are also put in Table 

4. 

Table 4: Experimental output of Series A, and B beams. 
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A1 104 42 - Flexural Crack 

A2 118 50 13.5 Shear and Cover Separation 

A3 112 48 7.7 Shear and Compression 

A4 112 54 7.7 Shear and Compression 

A5 112 40 15.4 Shear at Support 

A6 122 46 13.5 Shear and Cover Separation 

B1 80 22 - Flexural Crack 

B2 92 28 15 Shear and Cover Separation 

B3 88 22 10 Shear and Compression 

B4 86 36 7.5 Shear and Compression 

B5 100 30 25 Shear with Delamination 

B6 80 26 10 Shear and Cover Separation 

 

Figure 6 shows plot between capacity enhancement (%) and 

type of beam. The highest value was achieved at A5 and there 

is a drop from A5 to A6. A similar pattern was observed in the 

series B beams. The amount of CFRP, which is shown in 

terms of Lc/L, has no significant influence on strengthened 

beams. 

 

Figure 6: Capacity enhancement versus type of beam. 
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Different failure modes in series A and B of the beams are 

shown in Figure 7 (a-f) and Figure 8 (a-f) respectively. Since 

both the series were designed with the same aspect ratio (d/b) 

therefore, similar failure pattern was observed. Flexural 

failure shifted to shear failure followed by concrete crushing 

in each category of the beams when length of CFRP was 

increased. The shear failure being sudden can lead to huge 

damage to the structure. But the ductile behaviour obtained by 

the use of CFRP gives us enough warning before ultimate 

failure. The use of CFRP delays the initial cracks in the beam. 

It was assumed that the concrete crushing failure occurred 

only when compressive strain in concrete reached its 

maximum value before steel yield. Similarly CFRP rupture 

was assumed to occur when the designed rupture strain was 

achieved. Sundarraja et al., observed that the rupture failure of 

CFRP was more prominent than that of debonding. The 

debonding failure of CFRP is not good since it can be 

immediate fail without any prior notice [10]. 

 

 

Figure 7(a): Beam A1 

 

 

Figure 7(b): Beam A2 

 

 

Figure 7(c): Beam A3 

 

Figure 7(d): Beam A4 

 

 

Figure 7(e): Beam A5 

 

 

Figure 7(f): Beam A6 

Figure 7: All A category beams with a respective failure 

pattern. 7(a) flexural cracks and concrete crushing, 7(b) 

concrete cover separation, 7(c) shear failure at the edge of 

CFRP along with concrete compression failure, 7(d) shear 

failure near the supports with concrete compression failure, 

7(e) shear failure with concrete compression failure, and 7(f) 

concrete crushing with shear cover separation. 

 

Figure 8(a): Beam B1 
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Figure 8(b): Beam B2 

 

 

Figure 8(c): Beam B3 

 

 

Figure 8(d): Beam B4 

 

 

Figure 8(e): Beam B5 

 

Figure 8(f): Beam B6 

Figure 8: All B category beams with the respective failure 

pattern. 8(a) flexural cracks at the middle portion, concrete 

crushing, 8(b) shear failure at the edge of CFRP with concrete 

crushing, 8(c) shear cracks at the edge of CFRP with concrete 

crushing, 8(d) shear failure near the supports, 8(e) shear 

failure near the supports with CFRP delamination, and 8(f) 

concrete crushing and concrete cover separation. 

 

CONCLUSION 

The objective of this paper was to check the effect of beam 

size and CFRP length on strengthening of RC beams. Total 

twelve numbers of beams were tested in two categories where 

two sizes and five different arrangement of CFRP were 

observed with respect to the failure pattern and ultimate load 

capacity. The ductility of the members were also checked as 

per initiation of the first observed crack. It is found that the 

overall flexural capacity of the beams were enhanced when 

external Strengthening was done with a single layer of CFRP. 

For series A beams, A5 gave maximum capacity enhancement 

out of five different arrangements. Also for series B beams, B5 

gave maximum capacity enhancement. The ultimate load 

capacity increased from 7 to 25 % in all the observed cases. 

The aspect ratio of the beams were kept constant and variation 

of length of CFRP with respect to the beam size (effective 

length) was observed. There was no significant impact of the 

amount of strengthening ratio (length of CFRP, Lc to effective 

length L) to the ultimate strength with respect to the beam 

size. Both the series of the beams were giving similar failure 

pattern under same boundary conditions. Since the failure 

diagram shows all the possible failure modes, it would be 

helpful to the designer to select the size of the beam and 

CFRP length. Also with respect to the failure mode prediction, 

the critical failure location can be predicted. 
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