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Abstract 
 

The mechanical properties of the composite make FRP (Fibre reinforced 

polymers) more advantageous in structural strengthening and the ease of 

application in the damaged area. In recent years, external wrapping with FRP 

has been evolved as a popular retrofitting technique for existing structures. 

Therefore the compressive behavior of RC columns has been attempted to 

investigate the properties. The parameters considered in this experimental 

study were the packaging materials which included glass, basalt, and carbon 

fiber reinforced polymer, as well as the number of stacks (single and multiple 

stacks).The experimental results indicates that the long RC columns 

strengthened with glass and basalt FRP shows lower strength in compression 

compared to long RC columns confined using carbon FRPs in both single as 

well as double plies. 
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1 Introduction 

Conventional retrofitting methods which uses; steel as well as 

cementitious materials is not a convenient method and will not give required 

result. In many situations, rehabilitation of structures using FRP will be 

considered as a cost effective and technically leading choice compared to the 

conventional method. Mechanical properties such as corrosion and impact 

resistance, better durability, electromagnetic neutrality, ideal fatigue 

behavior, higher power to weight ratio, weight, flexibility, easy installation, 

fire resistance, creep, hardness and geometry of GRP composite materials. 

From that point of view, they provide efficient and cheap jobs in terms of 

labor and equipment. Most of the recent studies were carried out on 

externally bonded GRP composites to improve existing structures. Teng and 

Lam (2002)[9] examined FRP, which reinforces elliptical columns in 

concrete. They concluded that FRP reinforcement was effective if the sample 

had high ellipticity. A significant increase in strength using FRP constraints 

is possible even for full elliptical sections. Mechanical bonding of the FRP 

band by tensile breaking of the RC sample, as described by Lamanna et al. 

(2004)[5]. It has been observed that the tape exhibits significant ductility in 

comparison to samples sealed with bonded FRP tape. Sen and Mullins (2007) 

[8] experimentally investigated the use of FRP composites in the 

modernization of submarine pilots. They recommend giving preference to 

two-way materials over unidirectional composites as well as carbon fiber 

over fiberglass. Purushotham Reddy, et al. (2009)[6] investigated the 

behavior of RC pilots enhanced by the GFRP Composite. They found that 

the GRP's improved axial and lateral bearing capacity was increased 

compared to conventional pilots. Ceroni (2010) [1] experimentally 

investigated the RC beam performance limited by the FRP material. This 

study provides an example of the test results of RC beams reinforced with 

carbon fiber reinforced laminates (CFRP) and near-surface bars (NSM) in 

monotonous and cyclic conditions load. The results of this study are 

consistent with the fact that the carrier strength is significantly increased 

when the carrier is wrapped in a FRP laminate. El-Hacha et al. (2010) [3] 

conducted an experiment to investigate the environmental effects of concrete 

samples wrapped with CFRP. In contrast to unpackaged cylinders, CFRP 

packaging of concrete cylinders shows significant advances in terms of 

strength, hardness and ductility with high environmental impact. Dai et al. 

(2010) [2] experimentally investigated the effect of moisture on the bond 

behavior of FRP with concrete interfaces. The results showed that all of the 

FRP adhesive bonds with the concrete broke after being exposed to the 

boundary between the primer and the concrete. They suggest that with the 

help of a suitable primer, the effect of moisture content in the substrate on the 

short-term surface bonding performance can be  

 

 

 

  
  8543



 

                                                                                                                  
 

 

 

 

 
Compressive Behavior of Fibre Reinforced Polymers Strengthened and Sustainable 

RC Long Columns 8544 

 

eliminated. Sangeetha and Sumathi (2010) [7] investigated the 

implementation of uniaxial compression of fiberglass-encased concrete 

columns. The experimental results show that restraint increases the bearing 

capacity of concrete columns that are axially loaded. Hajsadeghi et al. (2011) 

[4] investigated the behavior of rectangular reinforced concrete columns that 

were enhanced with a FRP jacket. The experimental results showed a 

significant increase in the strength and ductility of the FRP wrapped 

rectangular concrete column compared to the unbound RC column. 

 

2 Materials and Methods 
 
2.1 Material Properties  
 

The typical compressive strength of the concrete used in this study is 25 

MPa. The mixing ratio chosen is 1: 1.40: 2.75: 0.46 (cement: fine aggregate: 

coarse aggregate: water). It was found that the compressive strength of 

concrete blocks after curing with water for 28 days was 33.64 MPa. 

                   

2.2 Preparation and Casting of RC Columns 
 

RC columns were made by casting them in PVC moulds of size 114.3 

mm diameters and 1.8 m height. Six numbers of 8mm dia. bars were used as 

longitudinal reinforcements and 6mm dia. ties with 200mm spacing were 

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

moulds were applied a general layer of greasing oil to prevent sticking with 

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.  

 

2.3 FRP Properties 
 

Glass, basalt and carbon fiber reinforced polymers are used for research. 

The material properties of GRP, BFK and CFRP are listed in Table 1. 
 

 

 

 

 

 

 

 

 

 

 

 



 

                                                                                                                  
 

 

 

   

 

 

Table 1 FRP material Properties 

 

 

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 for FRP packaging. The following steps are done in FRP packaging. 

 

3.1 Rubbing 
 

  The exterior of the long RC columns were scrubbed to get rid of free 

and detrimental material by using a silicon carbide sheet. 

 

3.2 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 

 
 

3.3 Saturant Coating 

 The saturated Nitowrap 410 system consists of two components, a resin 

and a hardener. First, the ingredients are thoroughly mixed by hand for 3 
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minutes before being applied. The properties of the saturated Nitowrap 410 

are shown in Table 3. 

Table 3 Properties of Nitowrap 410 saturant   

   Colour 
Pale yellow to 

amber 

Application 

temperature 
15⁰ C - 40⁰ C 

Viscosity Thixotropic 

Density 1.25 – 1.28 g/cc 

Pot life 
2 hours @ 30⁰  

C 

Full cure 
5 days @ 30⁰  

C 

 

 FRP wrapping: The initial cover of saturant was given upon the primer 

coatthen the FRP sheet was confined over the surface. FRP layer was 

confined around the long RC columns having an overlap of (¼)
th
 of the 

perimeter to evade sliding and debonding of fibres in course of testing and to 

make sure the attainment of full strength. FRPs confined and unconfined 

long RC columns are shown in Fig.1. 

 

 

Figure 1 FRPs confined RC long columns 

 

 

 



 

                                                                                                                  
 

 

 

 

 

 

4 Experimental Investigation 

The long RC column is placed vertically in the center of the load frame. 

The axial pressure load is applied vertically and also evenly until the long RC 

column is damaged. An experimental study was carried out on 7 long RC 

columns. Outside 7 long RC columns, one reference long RC column was 

tested after 28 days curing without any confinement and other 6 long RC 

columns were confined using single as well as double plies of GFRP, BFRP 

and CFRP mats.  

 

4.1 Experimental Results and Discussions 
 

Table 4 shows the results of the tested RC column length. 

 
Table 4.Test results of long reinforced concrete columns 

 

 

4.1.1 Effects of FRP Packaging Materials 
 

To determine the compressive strength of FRP packaging material on 

long RC pillars, long RC pillars have been limited to using glass, basalt, and 

carbon FRP. The test results show that the long RC pillar using carbon fiber 

reinforced polymer has a greater compressive strength than the long RC 

pillar which is limited by the use of glass and FRP basalt. The above  
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behavior is due to the high tensile strength of carbon fibers in glass and 

basalt fibers.  

Figure 2 shows the variation in compressive strength for a long RC 

column reinforced with glass, basalt and carbon FRP. 

 

 
 

Figure 2 Strength in compression of long RC column sstrengthened using GFRP, 

BFRP and CFRP 

 

 

• The percentage increase in the compressive strength of long reinforced 

concrete pillars reinforced with one-way FRP, BFRP and CFRP mats around 

the circumference of long RC pillars is 39.89%, 53% and 67.21% for one 

pile and layers of 81.96%, 105.46% and 134.97 % for double layers. 

 
4.1.2 Effect of Plies  

 

To deduce the performance of number of plies over strength in 

compression of long RC columns, the long RC columns were confined using 

FRPs of single as well as double plies. The experimental result shows that 

the long RC columns confined using double plies shows greater strength in 

compression compared to long RC columns confined using single ply for all 

CFRP, BFRPas well asGFRP wrapping. The effect is because of rise in the 

thickness of confinement after wrapping with CFRP, BFRP and GFRP mat. 

Fig.3illustrates the difference of strength in compression of long RC columns 

confined using single as well as double plies of GFRP, BFRP and CFRP. 

 

 

 

 

 

 



 

                                                                                                                  
 

 

 
 

 

 
 

Figure 3 Strength in compression of long RC columns confined using single as well 

as double plies of GFRP, BFRP and CFRP 

 

 

 The percentage increase in strength in compression of long RC columns 

strengthened using single as well as double plies-unidirectional GFRP 

mat has been39.89 %as well as81.96 % respectively with the unconfined 

long RC columns. 

 The percentage increase in strength in compression of long RC columns 

strengthened using single as well as double plies-unidirectional BFRP 

mat has been53 %as well as105.46 %respectively with the unconfined 

long RC columns. 

 The percentage increase in strength in compression of long RC columns 

strengthened using single as well as double plies-unidirectional CFRP 

mat has been67.21 %as well as134.97 %respectively with the unconfined 

long RC columns. 

 

5 Conclusions 
 

The present study used seven long RC columns, strengthened with 

unidirectional GFRP, BFRP and CFRP. On the basis of test results, the 

subsequent conclusions are stated. 

 Long RC columns confined using double plies shows increased strength 

in compression compared to long RC columns confined using single ply 

for allGFRP, BFRP and CFRP confinement. This effect is because of 

increase in the thickness of GFRP, BFRP as well asCFRP confinement. 

 The carbon fibres shows increased tensile strength compared to glass and 

basalt fibres. Hence Long RC columns confined using carbon FRPs 

shows increased strength in compression compared to long RC columns 

confined using glass and basalt FRPs.  
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