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Abstract 
 
Fiber-reinforced polymer (FRP), also known as fiber-reinforced plastic, is a 

composite material consisting of a fiber-reinforced polymer matrix. 

Commonly used fibers are glass, carbon and aramid, while alternative fibers 
such as paper, wood or asbestos are also used. The polymer matrix used 

consists of a thermoset plastic made of epoxy, vinyl ester or polyester and 

phenol-formaldehyde resin.Various field of application of FRPs are 
aerospace, automotive, marine, alsoconstruction industries. FRPs were found 

to be an best alternate to conventional construction materials. Hence a strive 

was made to experimentally study the compressive behavior of RC columns 

confinedusingCFRPs. The parameters considered in this experimentalstudy 
were height of the RC column (0.9m, 1.2m, 1.5m and 1.8m) and number of 

plies (single and double plies). The experimental result shows 

showsgreaterstrength in compressioncompared toother RC columns confined 
with carbon fibre reinforced polymers for both single as well as double plies.\ 
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1 Introduction 
 

Carbon fiber reinforced polymer (CFRP) is one variety of composite 

materials made of carbon fiber as well as polymer. The carbon fiber imparts 

strength and stiffness whereas the polymer serves as cohesive matrix to keep 
the fibres together. CFRPs are available as various forms like strips, bars, and 

sheets. Various properties of this material are high rigidity, more strength, 

less density, resistant to corrosion and vibration, more resistance to fatigue, 

and low thermal conductivity. CFRPs acts likeinsulators and are non-
magnetic. They are used in repair and retrofitting of buildings and also in 

bridges.This FRP usage will considerably reduce corrosion problem and also 

helps in strength gain.The CFRP usage will aslo increasethe life of the 
member which in turn leads to less maintenance cost. Lamanna et al. [5] 

conducted aninvestigation on split tensile confining of RC specimens by 

mechanically couplingFRP strips. It has been observed that the adhesive tape 
has a significant ductility compared to samples sealed with adhesive FRP 

tape.  

The use of FRP composites in underwater pilots has been empirically 

redesigned. Bidirectional materials can be used in unidirectional composites 
as well as in carbon fibers instead of glass fibers.Bousselham and 

Chaallal[1]carried out an investigation on shear resistance of concrete 

specimens confinedwith FRP bond externally. Studies shows that shear 
resistance of concrete specimens is greater when specimens strengthened in 

shear with externally bonded FRP compared to conventional. Sangeetha and 

Sumathi [10]studied the effectin uniaxial compression of concrete columns 

wrapped using Glass fiber. The experimental results show that restraint 
increases the bearing capacity of concrete columns that are axially loaded.El-

Hacha et al. (2010)[3] did an test to study the influence of  environmental 

exposures of concrete specimens wrapped using CFRP.  The CFRP wrapping 
of concrete cylinders exhibitsconsiderable advancementrespecting strength, 

stiffness, as well as ductility under severe environmental exposures contrast 

to unwrapped cylinders.  Rao et al. (2012)[9] studied the strength 
deterioration of GFRP laminates at different environmental conditions.  

Based on the study it was concluded that there was a considerable decline in 

strength of GFRP composite laminates which acted upon various 

environmental impacts. Jiang and Teng (2013) examined the effects and 
design of circular thin reinforced concrete columns with FRP restraint. 

Strengthening the RC column by covering it on the side with a FRP jacket is 

one commonly recognized technique. The accuracy and safety of the 
proposed design method can be seen by comparing it with existing test 

results[4]. 
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Parvin and Brighton (2014) investigated the FRP composites 

strengthening of concrete columns subjected to different loading 

circumstance[8]. They concluded with some of the reviews of current 
progress in the field of FRP-strengthening of columns for different loading 

conditions involving impact load also. Mane and Pitale (2016) examined the 

use of GRP composites with RC beams and columns. This study provides an 

overview of the history of FRP composite systems used in both RC and 
column girders[6]. Various areas of FRP application are also presented. Eid 

and Paultre (2017) examined the pressure behavior of FRP-constrained RC 

columns[2]. This study complements the development of an integrated 
deformation model capable of representing the axial behavior of circular and 

rectangular reinforced concrete columns configured internally by TSR, 

externally by FRP, or both internally as with TSR and FRP. It has been found 
that the stress and strain curves calculated by the proposed model are in 

accordance with the published test results. Manie et al. (2017) examined the 

simple design of a FRP reinforced square RC pillar at biaxial bending. This 

study provides a method of designing an astrate line using the concept of an 
equivalent uniaxial moment to calculate the number of layers (FRP panels) 

needed to strengthen a RC square pillar[7]. 

 

2 Materials and Methods 

Material properties: The compressive strength characteristics of the 
concrete determined in this study are 25 MPa. The mixing ratio chosen is 1: 

1.40: 2.75: 0.46 (cement: fine aggregate: coarse aggregate: water). The 

compressive strength of the concrete cubes was 33.64 MPa after drying with 
water for 28 days. 

Preparation and casting of RC columns: RC columns were made by 

casting them in PVC moulds of size114.3 mm diameter and 0.9m, 1.2m, 

1.5m and 1.5m in heights. Six numbers of 8mm dia. bars were used as 
longitudinal reinforcements and 6mm dia. ties with 200mm spacing were 

adopted as reinforcement in RC column. The interiors of the PVC moulds 

were applied a generallayer of greasing oil to prevent stickingwith moulds. 
The moulds are to be filled in layers with the designed concrete 

mix.Sufficient compaction was given using needle vibrator to prevent honey 

combing.  

Properties of CFRPs: Carbon fiber reinforced polymers were used for 
this study. The properties of CFRP materials are listed in Table 1. 
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Table 1. Properties of CFRP material 

Properties Unidirectional CFRP mat 

Fiber weight (g / m2) 200 

Fiber thickness (mm) 0.3 

Nominal coating thickness (mm) 0.5 

Fiber tensile strength (N / mm2) 3500 

Tensile modulus (N/mm2) 285000 

 

3 FRP Wrapping 
 

After one day of casting, the RC column was molded and then immersed 

in hardening water. After sufficient drying with water, the RC column is 
ready to be coated with CFRP. The following steps for CFRP packaging are 

followed. 

Rubbing: The exterior of the RC columns were scrubbed to get rid offree 
and detrimental material by using a silicon carbide sheet. 

Primer Coating: Nitowrap 30 primer was applied directly to the prepared 

surface and allowed to dry without interruption for 24 hours before being 
coated with a saturated layer of Nitowrap 410. The properties of the 

Nitowrap 30 primer are given in Table 2. 

 
Table 2: Properties of Nitowrap 30 primer 

Density 1.14 g/cc 

Pot life 25 minutes @ 27⁰ C 

Full cure 7 days 

 

Saturant Coating: The Nitowrap 410 saturant system consists of two 
components, resin and hardener. Initially the constituents weremixed 

completely by hand for 3 minutes before application. Properties of Nitowrap 

410 saturant is presented in Table 3.  
 

Table 3: Properties of Nitowrap 410 saturant 

 Colour Pale yellow to amber 

Application temperature 15⁰C - 40⁰C 

Viscosity Thixotropic 

Density 1.25 – 1.28 g/cc 

Pot life 2 hours @ 30⁰ C 

Full cure 5 days @ 30⁰ C 
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FRP wrapping: The initial layer of saturant is applied to the primary 

layer, after which the FRP film is covered on the surface. The FRP layer is 

closed around the RC column with overlap (¼)thof the perimeter to prevent 
slippage and peeling of the fibers during the test and to ensure full strength. 

 

 

4 Experimental Investigation 
 

RC columns are placed vertically in the middle of loading surfaces of 
loading frame. The axial compression load was applied vertically, also 

uniformly until the RC columns fails. Experimental investigation has been 

conducted on 12RC columns. Out of the 12RC columns, four reference RC 

columns were tested after 28 days curing without any confinement and the 
other8RC columns were confinedusingsingle as well as double plies of CFRP 

mat. CFRP confined and unconfined RC columns are shown in Fig.1.  

 

  
Unconfined RC RC columns CFRP confined RC RC columns 

Fig. 1: FRP confined RC columns 

 

4.1 Experimental Results and Discussions 
 

Table 4 shows the results of the RC column tested.  
 

 

 

 

 

 

 

 



                                                                                                                  
 

 

 

 

 

 

6618 N.Suthan Kumar et.al 

 

Table 4.Tested RC column results 

Sl.No. Type of confinement 

Height of 

the RC 

column 

Number of 

plies 

Strength in 

compression (kN) 

1 Unconfined RC columns 

0.9 - 280 

1.2 - 252 

1.5 - 221 

1.8 - 183 

2 

RC column, bounded around the 

perimeter by single-use CFRP 

bearings 

0.9 
1 460 

2 648 

1.2 
1 415 

2 590 

1.5 
1 363 

2 514 

1.8 
1 306 

2 430 

 

4.2 Effect of height of RC column on compressiveload capacity 
 

To deducethe performanceof height of RC column on the compressive 

load capacity, 0.12m diameter RC columns of different heights such as 0.9m, 
1.2m1.5m and 1.8m were considered. The results are shown in Table 3 which 

indicates that the axial load carrying capacity decreases with increasing 

height of RC column. The above behavior is because of the high slenderness 
ratio of RC columns. The compressive load carrying capacity of unconfined 

RC columns was significantly less when compared with CFRP confined RC 

columns of same height. Figure 3 shows the variation in compressive 
strength for an RC column bounded by a glass fiber reinforced polymer. 

 

 
Fig. 6: Strength in compression of RC columnsconfined with CFRP 
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 The percentage decrease in strength in compression of 1.2m, 

1.5m and 1.8m unconfined RC columns when compared with 0.9m 

unconfined RC column were 11.11 %, 26.69 % and 53 %. 

 The percentage decrease in strength in compression of 1.2m, 

1.5m and 1.8m CFRP confined RC columnswhen compared with 0.9m CFRP 
confinedRC column were 9.78 %, 21.08 % and 33.47 % for single ply and 

8.95 %, 20.67 % and 33.64 % for double plies respectively. 

 
4.3 Effect of number of plies on compressive load capacity 

 

To deduce the performance of number of plies overstrength in 

compression ofRC columns, the RC columns were confinedusing 
carbonFRPs of single as well as double plies. Based on the test results, it was 

found that RC columns limited by double layers showed a higher 

compressive strength than RC columns limited by single layers.The effect 
isbecause ofincrease in thickness of confinement after wrapping with CFRP 

mat. Fig.4illustrates the change of strength in compression of RC columns 

confinedusing single as well as double plies of CFRP. 

 

 

Fig. 4: Strength in compression of RC columns strengthened using single as well as 

double plies of CFRP 

 

 The percentage increase in strength in compression of 0.9m RC 

columns confined using single as well as double plies-unidirectional CFRP 

mat were found to be 64.28 %as well as131.42 % respectively with the 
unconfined RC columns. 
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 The percentage increase in strength in compression of 1.2m RC 

columns confined using single as well asdouble plies-unidirectional CFRP 

mat werefound to be64.68 %as well as 134.12 % respectivelywith the 

unconfined RC columns. 

 The percentage increase in strength in compression of 1.5m RC 

columns confined using single as well as double plies-unidirectional CFRP 

mat were found to be 64.25 %as well as132.57 % respectivelywith the 

unconfined RC columns. 

 The percentage increase in strength in compression of 1.8m RC 

columns confined using single as well as double plies-unidirectional CFRP 

mat werefound to be67.21 %as well as134.97 % respectivelywith the 

unconfined RC columns. 
 

5 Conclusions 
 
The present study used 12 RC columns, confined with unidirectional 

CFRP. On the basis of test results, the subsequent conclusions are stated. 

 Axial load carrying capacity decreased as the height of RC 

column increases.  This is due to rise in slenderness ratio of RC columns. 
The load carrying capacity in compression of unconfined RC columns was 

significantly less when compared with CFRP confined RC columns of same 

height. 

 From the test results it was also concluded that the RC 

columnsstrengthened using double plies shows largerstrength in 
compressioncompared to the RC columns confined using single ply. This 

effect is because of increase in thickness of confinement after wrapping by 

CFRP mat. 
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