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Abstract 
 
In modern techniques of strengthening, Fibre Reinforced Polymer (FRP) 

strengthening is proved to be advantageous when compared to other 

techniques. FRPs are good to use in the construction of unique structures 

requires electrical neutrality. Carbon fibres have properties such as non-water 

absorbent, corrosion and chemical resistance. They also sustain fatigue well 

and neither shows any creep nor relaxation. Hence external wrapping of FRP 

on steel and concrete structures has been increasing recently. In this study, 

the compressive nature of the Concrete Filled steel-Tubes (CFT) confined 

with carbon fibre reinforced polymers (CFRP) were investigated. CFT 

columns of varying heights are (0.9m, 1.2m, 1.5m and 1.8m) also the number 

of piles (single and double piles) are chosen as varying parameter to analyze 

the nature of CFRP confined CFT columns. From the experimental 

investigation, it can be concluded that CFT columns of height 0.9m confined 

with CFRP have higher compressive strength than other CFT columns for 

both single and double piles. 
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1 Introduction 
  

Composite materials are made by a process in which particles of one or 

more materials dispersed over another material that forms a continuous 

network around them. The only alternative to such olden techniques are 

strengthening with FRPs which is both economical and technically good. The 

various properties of FRPs such as high density ratio, corrosion resistance 

and suitable electrical, magnetic as well as thermal properties. Although, they 

show properties like brittleness and their mechanical properties may be 

influenced by rate of loading, temperature and ambient conditions. This 

retrofitting work also provides benefits in terms of labor and equipment cost. 

FRP usage allows the engineers to achieve safety, function and economic 

benefits due to its solitary properties. Teng and Lam (2002) experimented 

the elliptical shaped concrete columns confined with FRP composites [9]. 

They concluded that the strengthening FRP becomes a less effective when 

the section was becomes more elliptical, considerable strength gains from 

FRP confinement can still be achieved even for the strongly elliptical 

sections. Arduini et al (2004) investigated the behavior of a one way RC 

slabs bonded externally with FRP to find performance and strengthening [1]. 

And the load carrying capacity was increased by 122% with the benchmark 

slab. Analysis of the experimental results demonstrates that the effectiveness 

of strengthening technique using FRP laminates. Lamanna et al. (2004) 

conducted an investigation on split tensile strength in RC specimens using 

mechanically coupling FRP strips [6]. The result has been noticed that FRP 

strips coupled mechanically exhibits the substancial ductility compared with 

the FRP strip. Ilki et al. (2008) investigated a axial behavior of the 

reinforced concrete columns retrofitted using Fibre reinforced polymers 

composites. They are concluded that was the external confinement of a 

columns with CFRP sheets shows increased strength as well as ductility [5]. 

Bousselham and Chaallal (2008) conducted an experimental study on shear 

resistance of the concrete specimens strengthened in shear using FRP bonded 

externally. Test results indicates that concrete specimens strengthened in an 

externally bonded FRP shows greater shear resistance [2]. Eid et al. (2009) 

experimentally investigated the high and normal strength concrete circular 

elements wrapped using fibre reinforced polymer Composites. These study 

concluded that the normal-strength concrete shows enhanced strength and 

strain [3]. Hu et al. (2011) experimented the axial compression of circular 

concrete-filled thin steel tubes confined with FRP composites [4]. These 

study includes tests of three series in that the varied parameters were steel 

tube thickness and stiffness of FRP wrap. The performance of concrete also 

be improved with FRP wrap. Murugan et al. (2014) have studied the FRP 

confined concrete prisms under flexural behavior [7]. From the investigation 

they concluded that in both the single and double plies the specimens 

wrapped with CFRP shows increases  
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compressive strength compared to specimens wrapped with GFRP. The 

Orientation of fibres along a length of the prisms shows greater flexural 

strength compared to the fibres orientation along the depth of the prisms for 

both wrappings of CFRP and GFRP.  

 

2 Materials and Methods 
 

Properties of Material:  This study, the characteristic compressive 

strength of concrete taken as 25 MPa. And the mix ratio choosen was 

1:1.40:2.75:0.46 (cement: Fine aggregate: Coarse aggregate: Water). After 

28 days of water curing, the strength of concrete was found to be 33.64 MPa.  

Properties of Steel tubes: Structural steel tubes with the following 

properties were used for this study. Steel tube properties is presented in Table 

1. 
Table 1 Properties of the steel tube 

 

Outer diameter 101.6 mm 

Thickness 4 mm 

Weight 9.63 kg/m 

Cross sectional area 12.3 kg/cm
2
 

Sectional modulus 28.80 cm
3
 

Moment of Inertia 146.32 cm
4
 

 

Properties of Fibre Reinforced Polymers: Carbon fiber reinforced 

polymer (CFRP) was take for the study. The Properties of Carbon fibre 

reinforced polymer materials to be presented in Table 2. 
 

Table 2. Material properties of CFRP 

Properties 

Carbon Fibre Reinforced 

Polymers (CFRP) 

Uni-directional 

Fibre Weight  (g/m
2
) 200 

 Thickness of fibre(mm) 0.3 

Nominal thickness each layer (mm) 0.5 

 Tensile strength of Fibre (N/mm
2
) 3500 

Tensile modulus (N/mm
2
) 285000 

 



                                                                                                                  
 

 

 

 

 

3 FRP Wrapping 
 

The designed mix of concrete was poured into steel tube in layer with 

adequate compaction by needle vibrator to prevent honey combing. After 

concreting, sufficient curing has done, FRP wrapping was carried out by 

several steps as follows.  

 Rubbing: The exterior of the CFT columns were rubbed by using water-

proof paper sheet of silicon carbide to get rid of loose and deleterious 

material.  

 Primer Coating: The material mixed of Nitowrap 30 primer was applied 

over the prepared surface and it was left undisturbed for about 24 hours to 

dry. It is done before the application of Nitowrap 410 saturant. 

Characteristics of Nitowrap 30 primer is presented in Table 3. 

 
Table 3 Properties of Nitowrap -30 primer 

 

Density of Nitowrap 30 

primer 
1.14 g/cc 

Pot life of Nitowrap 30 

primer 

25 minutes 

@ 27⁰  C 

Full cure of Nitowrap 30 

primer 
7 days 

 

Saturant Coating: The Nitowrap 410 saturant system consists two parts, 

which is resin, hardener. Initially the constituents mixed completely by hand 

for 3 minutes throughly before application. Properties of Nitowrap 410 

saturant is presented in the Table 4.  
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Table 4 Properties of Nitowrap -410 saturant 

 

 
 

 FRP wrapping: At first initial cover of saturant was given over the 

primer coat after that FRP sheet was confined on the surface. FRP layer was 

confined around the CFT columns with 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 CFT columns 

are shown in Fig.1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                                                                                  
 

 

 

 

 

 

 

 

 

 

 
 

Figure 1 FRP confined and unconfined CFT columns 

 
3 Experimental Investigation 

 

CFT columns were placed vertically on the loading frame. The axial 

compression load was applied uniformly and vertically until the CFT 

columns fails. Experiment was conducted on 12 CFT columns out of which 4 

reference CFT columns were tested without any confinement and the other 

eight CFT columns were confined with single and double plies of CFRP 

mats.  

Experimental Results and discussions 

Table 5 Results showing the tested CFT columns. 
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Table 5 Shows the Results of a tested CFT columns 

 

Effect of height of column on compressive load capacity 

The effect of height of CFT columns on compressive load capacity, 

101.6 mm diameter CFT columns of different heights such as 0.9m, 1.2m 

1.5m and 1.8m were considered. The tested results are noted in Table 3 

which indicated that as the height of CFT column increases the axial load 

carrying capacity decreases.  This is due to that the increase in slenderness 

ratio of concrete filled steel tube columns (CFT). Also the compressive load 

carrying capacity of unconfined CFT columns was significantly less when 

compared with CFRP confined CFT columns of same height. Fig. 2 showing 

the variation of compressive strength for CFT columns confined with 

CFRPs. 

 

 
 

Figure 2 Effect of height of CFT column on compressive load capacity 



                                                                                                                  
 

 

 

 

 

 The percentage decrease in compressive strength of 1.2m, 1.5m and 1.8m 

unconfined CFT columns when compared with 0.9m unconfined CFT 

column were 3.52 %, 7.88 % and 12.86 %. 

 The percentage decrease in compressive strength of 1.2m, 1.5m and 1.8m 

CFRP confined CFT columns when compared with 0.9m CFRP confined 

CFT column were 4.12 %, 8.24 % and 13.83 % for single ply and 4.54 

%, 9.18 % and 12.79 % for double plies respectively. 

Effect of Number of Plies on Compressive Load Capacity 

To determine the performance based on the number of plies an over 

compressive strength of CFT columns, the CFT columns were confined with 

CFRPs of single and double plies. From the result it is found that the CFT 

columns confined with double plies shows greater compressive strength 

compared to CFT columns confined with single ply. The effect is because of 

increase in the thickness of confinement after wrapping with CFRP mat. Fig. 

3 illustrates the compressive strength variations of CFT column confined 

with the single plies and double plies of CFRP. 

 

 
 

Figure 3 Compressive strength of CFT columns confined with single plies and 

double plies of CFRP 

 

 The percentage increase in compressive strength of 0.9m CFT columns 

confined with single plies and double plies CFRP mat- unidirectional has 

been 56.01 % as well as 101.03 % respectively with unconfined CFT 

columns. 

 The percentage increase in compressive strength of 1.2m CFT columns 

confined with single and double plies CFRP mat-unidirectional has been 

55.05 % as well as 98.92 % respectively with unconfined CFT columns. 

 The percentage increase in compressive strength of 1.5m CFT columns 

confined with single and double plies CFRP mat-unidirectional has been 

55.40 % as well as 98.19 % respectively with unconfined CFT columns. 
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 The percentage increase in compressive strength of 1.8m CFT columns 

confined with single and double plies CFRP mat-unidirectional has been 

54.28 % as well as 101.19 % respectively with unconfined CFT columns. 

 

5 Conclusion 
 

The present study used 12 CFT columns, confined with unidirectional 

CFRP. Based on the test results, the following conclusions are stated. 

 The axial load carrying capacity decreases as the height of CFT column 

increases.  This is due to the increase in slenderness ratio of CFT 

columns. The compressive load carrying capacity of unconfined 

Concrete filled tube columns (CFT) was significantly less when 

compared with CFRP confined CFT columns of same height. 

 The test result indicates that the CFT columns confined with double plies 

shows higher compressive strength compared to CFT columns confined 

with single ply. The effect is because of increase in the thickness of 

confinement after wrapping with CFRP mat. 

 

Acknowledgements  
 

The authors of this paper wants to thank the Fosroc Chemicals (India) 

Pvt. Ltd., for providing the fibre composites material as well as epoxy 

employed in this work. 

 

References 
 

[1] Arduini, M., Nanni, A., and Romagnolo, M , “Performance of one way 

reinforced concrete slabs with externally bonded FRP strengthening”, 

ACI structural journal, Vol. 101, no.2, pp. 193 – 201,2004. 

[2] Bousselham, A., and Chaallal, O., “Mechanisms of shear resistance of 

concrete Specimens strengthened in shear with externally bonded FRP”, 

Journal of Composites for Construction, Vol.12,no.5, pp. 499-512, 2008. 

[3] Eid, R., Roy, N., and Paultre. P , “Normal and high strength concrete 

circular elements wrapped with FRP composites”, Journal of composites 

for construction, Vol. 13, no.2, pp. 113-124,2009. 

[4] Hu, YM., Yu, T. & Teng, JG , “FRP-confined circular concrete-filled 

thin steel tubes under axial compression”, Journal of Composites for 

Construction, vol. 15 no. 5, pp. 850-860, 2011. 

[5] Ilki, A., Peker, O., Karamuk, E., Demir, C., and Kumbasar, N., “FRP 

retrofit of low and medium strength circular and rectangular reinforced 

concrete columns”, Journal of Materials in Civil Engineering, Vol.20, 

no.2, pp. 169-188,2008. 



                                                                                                                  
 

 

 

 

[6] Lamanna, A. J., Bank, L.C., and Scott, D. W.,  “"Flexural strengthening 

of reinforced concrete beams by mechanically attaching fiber-reinforced 

polymer strips", Journal of Composites for Construction,Vol.8, no.3,203-

210,2004. 

[7] Murugan, M., Natarajan, C and Muthukkumaran, K , “Flexural behavior 

of concrete prisms confined with FRP composites”, Journal of Central 

South University, Vol. 26, pp.2609–2622, 2019. 

[8] Sen, R., and Mullins, G., “Application of FRP composites for underwater 

piles repair Composites Part B: Engineering, Vol. 38, no.5–6,pp. 751-

758, 2007. 

[9] Teng, J. G., and Lam, L. , “Compressive Behavior of Carbon Fibre 

Reinforced Polymer-Confined Concrete in Elliptical Columns”, Journal 

of Structural Engineering, Vol. 128, no. 12, p. 1535-1543,2002. 

 
 

Biographies 
 
 
 

 
 

 

 

 

 

Thanka Jebarsan V is a Research scholar in the Department of Civil 

Engineering at Bharath Institute of Higher Education and Research, Chennai 

and also Assistant Professor in Marthandam College of Engineering and 

Technology, Kuttakuzhi Kanyakumari, Tamil Nadu, India. His research 

includes advanced construction materials, behavior of CFT Columns and 

Strengthening and retrofitting of RC Elements. Email:jebarsan707@gmail.com  

 

 

 

 

 

 

  

 

M.P. Chockalingam is a professor in Department of     Civil Engineering at 

Bharath Institute of Higher Education and Research, Chennai, Tamil Nadu, 

India. He is one of an member of Indian society for technical education. He 

has published more than 20 International and national journals and his 

research focused on Environmental Protection. Email:drmpck@yahoo.co.in 

 

 

 Thanka Jebarsan .V et al  

  

856  1




