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Abstract: This paper investigates the bond strength between concrete and carbon fiber reinforced polymer 

(CFRP) sheet using three point bending test under Universal Testing Machine (UTM). Five different CFRP 

sheet thicknesses were used i.e. 200 GSM, 300GSM, 400GSM, 600GSM and 1.4 mm laminate. A total of 15 

beam specimens were fabricated and tested to establish and compare the bond strength. It was found that 

300 GSM thick carbon fiber reinforced polymer sheet has the highest bond strength. Values of bond strength 

show that while selecting carbon fiber reinforced polymer sheet thickness for any strengthening, retrofitting 

bonding behavior between element and carbon fiber reinforced polymer should be considered. Bond strength 

is not only dependent on the resin, but also on fiber thickness. 
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1. Introduction 

The maintenance, retrofitting and upgrading of structural members, is one of the most crucial problems in 

civil engineering application. Moreover, a very large number of structures constructed in the past using the 

older design codes in different parts of the world are structurally unsafe according to the new design codes. 

The replacement of such deficient elements of structures incurs a considerable amount of public money, 

strengthening has become the acceptable way of improving their load carrying capacity and extending their 

service life of structure. Before now, steel sheets were the most common when it comes to the improvement 

and rehabilitation of these structures. These sheets or plates are externally bonded to the existing reinforced 

concrete members to improve their load carrying capacity and strength. This method is simple, cheap to 

maintain, and has a high mechanical performance but possesses certain disadvantages such as; maneuvering 

difficulty, steel corrosion, requirement of a temporary support system (scaffolding), and the limitation in 

available plate lengths resulting in the need to join more than one sheet to get a longer length. Recently the 

construction market started to use FRP for structural strengthening, generally in combination with other 

construction materials like wood, steel, and concrete. Fiber reinforced polymer exhibit several improved 

properties, such as high strength, high stiffness, and flexibility in design, non-corrosiveness, high fatigue 

strength, and ease of application [1], [2]. FRP can also use to protect structure against impact loading like 

terrorism activities [3]. This popularity has arisen due to the need to maintain and upgrade essential 

infrastructure in all parts of the world, combined with the well-known advantages of FRP composites, such 

as good corrosion resistance and ease for site handling due to their light weight. The continuous reduction in 
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the material cost of FRP composites has also contributed to their popularity [4]. 

The success of this strengthening method depends on the effectiveness of the bond between the fiber-

reinforced polymer sheet and concrete [5]. Smith and Teng (2001) bonding of a fiber reinforced polymer (FRP) 

plate to the tension face of a beam has become a popular flexural strengthening method in recent years [6]. 

Schilde and Seim (2007) concluded it is known that the bonding failure between concrete and externally 

bonded CFRP-strips sets in where high shear forces and high bending moments occur [7]. Kotynia (2012) 

investigated the bond behaviour between composite carbon fiber reinforced polymer (CFRP) materials and 

concrete in externally bonded (EB) and near surface mounted (NSM) FRP strengthened reinforced concrete 

(RC) beams. Bond mechanism was investigated on the modified RILEM beam bond tested in aspect of six 

parameters [8]. Campbell, F.C. (2010) studied the FRP sheet installation, the FRPs are made into laminates by 

layering single sheets of fibers in various orientations to obtain the desired strength and stiffness properties 

required. The strength and stiffness properties of the laminate depend on the direction and system in which 

the plies are laid [9]. Sebastian, (2001) concluded that reinforced concrete beams enhanced in flexure with 

adhesively-bonded fiber reinforced polymer plates are susceptible to a brittle form of failure, defined by 

delamination of the that the cover concrete attached to the adhesive that causes the plates to debond from 

the beam [10]. Esmail and Shuqari, (2019) studied the effect of discontinuous structural synthetic fibers 

(DSSF) on the bond-slip behavior showed that as the DSSF quantity increases, more concrete was attached to 

the peeled CFRP composite indicating that the concrete surface gets stronger [11]. Mehmat (2014) concluded 

that using thicker epoxy resin in both CFRP and GFRP beam was considered to be very effective in preventing 

breaking [12]. 

To properly design the FRP strengthening system, the capacity of the bond (bond strength) between the 

FRP sheet and the concrete substrate must be known. FRPs are bonded to the concrete substrate using 

adhesives commonly known as resins. There is certain material and structural factors that affect the bond 

between the concrete substrate and FRP sheet such as the material properties of the FRP sheet and concrete. 

McIsaac and Mak (2019) investigated the bond strength between concrete and fiber-reinforced polymer (FRP) 

wet lay-up systems using resins with bio-based content of various proportions as a partial replacement of 

epoxy. Bond strength was not only dependent on resin, but also on fiber type. In the case of glass FRP, bond 

strengths were generally lower those that of carbon FRPs by 12%–29% for the same resin type [13].  

2. Experimental Program 

The aim of this study was to determine and compare the Bond strength of different Carbon Fiber Reinforced 

Polymer (CFRP) sheets over concrete beam. Total 15 small concrete beams with three repetitions for each 

case were fabricated and tested under UTM. The following section outlines the experimental program for this 

study. 

 Materials 

Carbon Fiber Sheet 

Carbon fiber is the most expensive of the more common reinforcements, but in space applications the 

combination of excellent performance characteristics coupled with light weight make it indispensable 

reinforcement with cost being of secondary importance. In this study 200GSM, 300GSM, 400GSM, 600GSM 

unidirectional carbon fiber reinforced polymer sheet and also 1.4MM laminate is used. Mechanical properties 

of CFRP reported by manufacturer presented in Table 1& 2. 

Epoxy 

A two-part epoxy resin, VCOBOND EPB-5110 was used. Part A was the hardener and Part B was resin. The 

mix ratio of resin and hardener is 2:1 by volume. VCOBOND EPB-5110 is a 100 % solid (solvent free), high 
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modulus, non-shrink two component epoxy resin. 

Concrete 

The concrete used had a design compressive strength of M25 with water cement ratio 0.50. All concrete 

specimens were cured in identical laboratory conditions [14]-[17]. 

 

Table 1. Mechanical Properties of CFRP Sheet 

Parameter 200GSM 300GSM 400GSM 600GSM 

Dry Weight (GSM) 200 300 400 600 

Fabric Width (mm) 1000 500 500 500 

Dry Fabric Gauge (mm) 0.2 0.32 0.43 0.64 

Warp Density (EPI) 24 9.3 6.3 9.3 

Weft Density (PPI) 5 3.5 3.5 4 

Tensile Strength (MPa) 4000 4000 4000 2400 

Tensile Modulus (GPa) 240 240 240 240 

Elongation (mm) 1.7 1.7 1.7 1.7 

 

Table 2. Mechanical Properties of 1.4 mm CFRP Laminate 

Parameter Average value 

Width (mm) 100 

Length (meter) 100 

Tensile Strength (MPa) 2700 

Tensile Modulus (GPa) 150 

Elongation @ Break (%) 0.0177 

Laminate Thickness (mm) 1.4 

 Casting and Curing of Beam Specimen 

The small beam bond test specimens were casted as per recommendations of ACI 440.9R (ACI 2015) and 

Gartner et al. (2011) [18], [19]. The specimen configuration is presented in Fig. 1. A total 15 numbers of beam 

specimens of size 100mm × 100mm × 350mm were initially casted using M25 concrete consisting of 10 mm 

coarse aggregates crushed sand and 53 grade cement. Curing of beam specimens is done by keeping the 

specimens in potable water curing tank for 28 days. 

 
Fig. 1. Specimen dimensions (in millimeters). 

 Specimen Fabrication 

After 28 days curing, a mid-depth notch was cut at midspan of the tension face of the concrete prism using 
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a stone saw. A 25 × 200 mm strip of fiber fabric was adhered to the concrete beam using a wet lay-up 

technique. The fiber strip was fully saturated with resin and hardener and placed in the middle of the tension 

face of the concrete beam. A roller was used to apply pressure on the CFRP strip to ensure proper adhesion 

and remove excess resin and hardener. The specimens were left to cure at room temperature for 2 weeks 

before testing. This was done for each fiber resin combination of 200GSM, 300GSM, 400GSM, 600GSM and 

1.4 mm laminate. Except in case of 1.4 mm laminate, adhesive material VCO bond filler is used. In this case, 

resin hardener and filler mixed together and this paste was applied on tension face. After that 1.4 laminate 

strip of 25 mm × 200 mm strip was press on tension face and left for curing at room temperature for 2 weeks. 

 Test Setup and Instrumentation 

The test setup is shown in Fig. 2. The specimens were tested in a universal testing machine under three 

point bending as recommended by Gartner et al. (2011) and later adopted in ASTM D7958/D7958M [19], 

[20]. The specimen was supported by a roller and pin at a span of 300 mm. A third roller was used to apply 

the load at mid-span on top of the beam. 

 
Fig. 2. Three point bending test setup. 

 

The average bond strength in the CFRP sheet can be determined from the ultimate load of the small beam 

using the internal force idealization presented in Fig. 3 which was recommended by Gartner et al. (2011) [19]. 

He made two assumptions in the development of this idealization. The first assumption was that the 

compressive stress in the concrete remained small because of that the distribution above the notch was 

assumed to be linear. The second assumption was that the notch in the concrete would force the neutral axis 

to remain more or less at mid height. From this idealization, the average interfacial shear strength (τ), 

referred to in the rest of this study as the average bond strength can be calculated using the following equation 

(1): 

                      τ =
3PuLe

5wsH
                                       (1) 

where, 

𝜏 = Bond strength, N/mm2 

Pu = Ultimate load, N 

Le = effective span of the specimen, mm 

H = height of the specimen, mm 

w = width of the FRP strip, mm 

s = length of the FRP strip, mm 
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Fig. 3. Internal forces of notched small beam bond specimen [19].  

3. Results and Discussion 

Table 3 shows a summary of the experimental result of bond strength of carbon fiber reinforced polymer 

of 200GSM, 300GSM, 400GSM, 600GSM and 1.4 mm laminate. 

Table 3. Bond Strength Result 

Specimen ID Ultimate load N Average ultimate load (P) N Bond strength (τ)MPa 

1-200 GSM 13500 

13633.33 4.908 2-200 GSM 14100 

3-200 GSM 13300 

1-300 GSM 16250 

15926.67 5.734 2-300 GSM 15600 

3-300 GSM 15930 

1-400 GSM 14700 

14913.33 5.365 2-400 GSM 15100 

3-400 GSM 14940 

1-600 GSM 14050 

14110 5.079 2-600 GSM 13700 

3-600 GSM 14580 

1-1.4 mm 13440 

13690 4.923 2-1.4 mm 13740 

3-1.4 mm 13890 

 
Fig. 4. Comparison of bond strength. 
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Tested beam shows adhesive type of failure, cohesive type of failure as shown in Fig. 5 and Fig. 6. Adhesive 

failure defines a bond failure between resin-hardener and concrete, in which the CFRP strip surface has very 

little or no concrete attached to it. Cohesive failure is a bond failure in which cement paste or large pieces of 

concrete remained to the CFRP strip. 

From Table 3, it is seen that values of bond strength also depend on thickness of carbon fiber reinforced 

polymer sheet (200GSM, 300GSM, 400GSM, 600GSM, 1.4MM laminate). It is not only depending on the 

adhesive material epoxy or other techniques. Result obtained here shows that bond strength for 200GSM, 

300GSM, 400GSM, 600GSM, 1.4 MM laminate is 4.908 MPa, 5.734 MPa, 5.365 MPa, 5.079 MPa, 4.923 MPa 

respectively which shows that bond strength for 300GSM CFRP is higher as compared to others. Fig. 4 show 

that if thickness of carbon fibre reinforced polymer sheet increases after 300 GSM bond strength decreases. 

Which indicate that higher thickness of fiber reinforced polymer sheet has low bonding as compares to the 

low thickness fiber reinforced polymer sheet? Values of bond strength shows that while selecting carbon fiber 

reinforced polymer thickness for any strengthening, retrofitting bonding behavior between element and 

carbon fiber reinforced polymer should be consider. 

 
Fig. 5. Cohesive type of failure.          Fig. 6. Adhesive type of failure. 

 

4. Conclusion 

In this study, small beam bond test was performed to establish and compare the bond strength of CFRP 

sheet by varying sheet thickness. Five different CFRP sheet thicknesses were used: 200GSM, 300GSM, 

400GSM, 600GSM fabric & 1.4MM laminate. Based on the results obtained, the following conclusions were 

drawn: 

1) 300 GSM thick carbon fiber reinforced polymer sheet has highest bond strength as compared to 200 

GSM, 400 GSM, 600 GSM, 1.4 MM laminate. 

2) As the thickness of carbon fiber reinforced polymer sheet increases after 300 GSM, bond strength 

decreases. 

3) Failure for all beam specimens was brittle and cohesive type of failure, adhesive type of failure. 

4) 200 GSM thick carbon fiber reinforced polymer sheet and 1.4 mm laminate has 16.83 % and 14.14 % 

lower bond strength than 300 GSM thick carbon fiber reinforced polymer sheet. 

5) 400 GSM and 600 GSM thick carbon fiber reinforced polymer sheet has 6.87 % and 12.89 % lower 

bond strength than 300 GSM thick carbon fiber reinforced polymer sheet. 

6) Bond strength is not only dependent on the resin, but also on fiber thickness. 

Appendix 

Load-Deflection Responses of Beams 
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Load deflection responses of the small beam bond test for different CFRP sheet thicknesses as shown in 

following Fig. 7 to Fig. 11. 

 
Fig. 7. Load-deflection sample 1-200GSM        Fig. 8. Load-deflection sample 1-300GSM. 

 

 
Fig. 9. Load-deflection sample 1-400GSM.           Fig. 10. Load-deflection sample 1-600GSM. 

 

 
Fig. 11. Load-deflection sample 1-1.4mm CFRP laminate. 
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