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Abstract:  

Existing reinforced concrete (RC) columns may be structurally deficient due to variety of reasons such as flaws in structural 

design, improper transverse reinforcement, insufficient load carrying capacity, etc. Glass fibre reinforced polymer (F RP) 

confinement can be effectively used for strengthening the deficient RC columns.  The effectiveness of FRP wrapping for RC 

columns  mainly depends upon number of FRP layers used for the confinement. An attempt has been made  hereby to investigate the 

experimental behaviour of GFRP wrapped small square RC co lumns with d ifferent GFRP configurations. Experimentally  

evaluated behaviour of GFRP wrapped RC columns is compared with the performance observed for non -wrapped control RC 

columns. 7 RC columns having cross-sectional dimension 150 mm × 150 mm and length 700 mm have been tested under axial 

compression. Out of 7 columns one column is unwrapped and designated as control specimen. 6 columns were wrapped with 

different GFRP configurations. All the test specimens were loaded to failure in axial compression and the behaviour of the 

specimens in the axial and transverse directions as well as stiffness and energy absorption was investigated. The results showed that 

smoothening of the edges of square cross-section of RC columns play a significant role in delaying the rupture of the FRP  composite at the 

edges. Column strengthened with two layers of GFRP gives better results in terms of ultimate load carrying capacity, stiffnes s than 

control specimen.  
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1. INTRODUCTION 

Over the last few years, there has been a worldwide 

increase in the use of composite materials for the rehabilitation 

of deficient reinforced concrete (RC) structures. One 

important application of this composite retrofitting technology 

is the use of fibre rein forced polymer (FRP) jackets or sheets 

to provide external confinement to RC columns when the 

capacity of existing structure is inadequate. RC colu mns need 

to be laterally confined in order to ensure large deformat ion 

under load before failure and to provide an adequate load 

resistance capacity. In the case of a seismic event, energy 

dissipation allowed by a well-confined concrete core can often 

save lives. On the contrary, a poorly confined concrete column 

behaves in a brittle  manner, leading to sudden and catastrophic 

failures. 

R. Kumutha (2007) et al. [1] experimentally  

investigated the behaviour of axially loaded rectangular 

columns strengthened with glass fibre reinforced polymer 

(GFRP) wrap. Total 9 specimens were tested under axial 

compression which includes three control specimens. To 

investigate the behaviour of the specimens in the axial and 

transverse directions all the test specimens were loaded to 

failure in axial compression. Result showed that Compressive 

strength improved with increase in no of layers of GFRP, As a 

result load carrying capacity and ductility were enhanced. The 

load carrying capacity of the column decreased, with increase 

in aspect ratio of the cross-section. Rahul Raval and Urmil 

Dave (2013) [2] investigated effectiveness of external GFRP 

strengthening for RC Columns of circu lar, square and 

rectangular shapes having same cross sectional area. Total 15 

RC columns were casted out of which 9 columns were control 

and 6 columns were strengthened with one layer of GFRP 

wrap with 20mm of corner radius. All the test samples were 

loaded to fail in axial compression and strain of the columns in 

the axial direction was investigated. Result showed that the 

axial load carrying capacity increased by providing addition 

confinement of GFRP wrapping to the concrete without 

increasing the original column size. The compressive strength 

improved with effect ive confinement of GFRP wrapping. 

Axial load carrying capacity of confined RC columns 

increases from rectangular to square to circular shape. GFRP 

wrapped circu lar co lumn undergone more axial deformation as 

compared to other shapes. K. Galal (2005) et al. [3] evaluated 

the performance enhancement of short reinforced concrete 

column with high and low transverse steel content when 

retrofitted using fiber-reinforced composites. Author designed 

using current as well as old codes and tested 7 reinforced 

concrete short columns under lateral cyclic loading and 

constant axial load. Short columns were strengthened by 

Carbon or glass fiber-rein forced polymers. They concluded 

that Short columns suffered brittle shear failures even ones 

designed according to current codes. Shear force and energy 

dissipation capacities were increased of short column 

subjected to lateral cyclic displacements. As a result Strains in 

both the transverse steel ties and fiber materials decreased 

with increasing the number of FRP layers in short column. 

Shear force and the energy dissipating capacity of RC short 

columns were increased Using anchored carbon fiber (CFRP) 

sheets rather than anchored glass fiber (GFRP) sheets for 

strengthening. Sushil S. Sharma (2012) et al. [4] investigated 

the experimental behaviour of GFRP wrapped s mall scale 

square RC columns with varying corner radii. 15 RC columns 

were tested under axial compression; 3 columns were control 

specimens. 3 columns each with corner radius equivalent to 

cover of 25 mm were wrapped with one and two layers of 

GFRP, respectively. To avoid a premature rupture of the 

GFRP composite, remaining 6 columns with corner rad ius of 5 

mm were wrapped with one and two layers of GFRP, 

respectively. They concluded that Structural performance of 

RC columns under axial loading, in terms of both maximum 
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strength and strain can be enhanced by GFRP wrapping. 

Increasing the number of GFRP layers increases the axial 

compressive strengths of the columns. Corner radius equal to 

concrete cover gives better results in terms of ultimate load 

carrying capacity than the corner radius less than cover for 

confined RC columns. M.N.S. Hadi (2007) [5] tested 

eccentrically  loaded columns externally wrapped with two  

types of materials. 6 cylindrical p lain columns were cast and 

tested. Half of the columns were wrapped with GFRP and the 

other half with CFRP. All columns were tested by applying an 

axial load at 50 mm eccentricity. All specimens were 

horizontally wrapped with three Layers of material (GFRP or 

CFRP). To serve as a reference column a steel reinforced  

column was also casted and tested. Result showed that 

Considerable gain in strength and ductility were obtained 

when rein forcing the columns with CFRP wrapped. The CFRP 

columns performed  better than both the GFRP and the steel 

reinforced columns. GFRP wrapped columns performed better 

than the reference columns.   

Use of externally bonded FRP composite for 

strengthening can be a cost effective alternative for upgrading 

the performance of existing RC columns. Even though a lot of 

research has been directed towards circular columns, relatively  

less work has been performed on square and rectangular 

columns, to examine the effects of FRP confinement on  the 

structural performance. However, a vast majority of all 

columns in build ings are square or rectangular. Therefore, 

their strength and rehabilitation needs to be given attention to 

preserve the integrity of building in frastructure. Up till now a 

less amount of research has been carried out on effect of 

different GFRP configurations  for improving performance of 

the confined columns. With the increase in the confinement 

layers, the repair of RC co lumns becomes a costly affair. 

Hence, the number of confinement layers to be added to the 

columns to upgrade the performance of columns is also a 

difficult question to deal with while deciding the repair 

strategy for the columns. Therefore, an attempt has been made 

to upgrade the performance of square RC columns by 

confining with different GFRP configurations  in the present 

investigation. Total 7 RC co lumns are cast and tested under 

axial compression. One column is unwrapped and designated 

as control specimen. 6 columns are wrapped with different 

GFRP configurations. The test variables included number of 

GFRP layers, stiffness, axial and transverse displacement, 

energy absorption. 

 

2. EXPERIMENTAL PROGRAME 

 

2.1. Parameters of study 

 

a) The number of GFRP layers: specimens with 

different GFRP configurations were investigated. 

 

2.2. Materials 

Ordinary locally availab le Portland cement having a 

specific gravity of 3.15 was made use of, in the casting of the 

specimens. Locally available river sand having a fineness 

modulus of 3.718, and a specific gravity of 2.6 was used. 

Crushed granite coarse aggregate of 20 mm maximum size 

having a fineness modulus of 4.31 and specific gravity of 2.76 

was used. Water conforming to the requirements  of water for 

concreting and curing as per IS: 456–2000 was used 

throughout. The average standard 28-days compressive 

strength of concrete cubes was approximately 27.17 MPa with 

a mix rat io of cement: sand: gravel: water 1:1.77:3.06:0.5. 

Concrete column specimens were confined by wrapping them 

with glass fiber sheets having a density of 2560 kg/m
3
 and 

tensile strength 3400 N/mm
2
. The resin system used in this 

work was general purpose polyester resin made of two-parts, 

resin and hardener. The manufacturer (sika India) provided the 

following information on epoxy resin that were used to bond 

concrete columns: ultimate tensile strength = 30 N/mm
2
, E- 

modulus = 4500 N/mm
2
. 

 

2.3. Details of test specimens 

 

 Totally seven reinforced concrete columns were 

tested under concentric compression in universal testing 

machine of capacity 1000 Kn. The columns were cast 

horizontally in wooden forms and compacted using a needle 

vibrator. The length (700 mm) and the cross-sectional area 

(22500 mm
2
) were kept constant for all the specimens. All 

columns had longitudinal reinforcement consisting of 4 

deformed bars, 8 mm in diameter. In addition, 6 mm in  

diameter s mooth bars @130 mm lateral spacing were used as 

stirrups. Out of 7 columns one was control column, and other 

6 columns were confined with different GFRP configurations 

as shown in Table 1. The specimen names, as shown in the 

first column of Tab le 1, are composed of two terms. The first 

term referred as column and the second term referred as 

strengthened. 

 

Table 1 GFRP Configurations for columns  

Column 

Specimen  

GFRP Configuration  

CS1 One layer of Fu ll side wrapping 

CS2 Two layers of Full side wrapping 

CS3 One layer of full side wrapping plus  0.5L at 

middle  

CS4 two layers of 0.5L At middle  

CS5 At middle 0.4L and at top and bottom 0.2L 

single layer (0.1L spacing from middle to top 

and bottom) 

CS6 One layer of full side wrapping plus At middle 

0.4L and at top and bottom 0.2L single layer  

 

2.4. Fib re-reinforced polymer wrapping 

 The resin system used in this work was made of two  

parts namely resin and hardener. The components were 

thoroughly hand mixed for at least 5 min. The concrete 

columns were cleaned and completely dried before the resin  

was applied. A first coat of thin layer of resin was applied and 

GFRP sheet was then wrapped directly on the surface. Special 

attention was taken to ensure that there was no void between 

the GFRP sheet and concrete surface. After the application of 

the first wrap of the GFRP sheet, a second layer of resin was 

applied on the surface of the first layer to allow the 

impregnation of the second layer of the GFRP sheet. Finally, a 

layer of resin was applied on the surface of wrapped columns. 

In all cases, the outside layer was extended by an overlap of 

50 mm to ensure the development 

of full composite strength. 

 

2.5. Instrumentation and testing procedure 

 All specimens were loaded until failure under axial 

compression in a UTM. All the seven columns  were tested 

under similar conditions. One dial gauge is placed along the 

length of the section to measure axial deformations and one 

dial gauge is placed along the width to measure transverse 
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deformations. Load were applied in increments. At each 

increment dial gauge readings were noted down, 

simultaneously behaviour of columns were observed. Test set 

up for the columns is as shown in Fig. 1. 

 

      
                 Figure 1 Experimental setup 

3. RES ULT AND DISCUSS ION 

3.1. Overall behaviour 

 The maximum experimental values obtained from all 

the tests are summarized in Table 2. From the results, it can be 

seen that, the confinement of co lumns with GFRP wrap 

increases load carrying capacity of reinforced concrete 

columns. In addit ion, the greater the number of GFRP layers, 

the greater the gain in axial load carry ing capacity with respect 

to unconfined columns. Column CS2 which is wrapped with 

two layers of GFRP ach ieved maximum increases in terms of 

axial load and stiffness. Energy absorption observed 

maximum in control column, also axial displacement was 

found more in control column. 

Table 2 summary of test results 

colu

mns 

Max. 

Axial 

load 

(KN) 

Max. 

Axial 

displ. 

(mm) 

Max. 

transv

erse 

displ. 

(mm) 

Stiffness 

(Kn/mm) 

Energy 

absorpti

on(kn.m

m) 

CC 708.28 7 - 101.18 1570.09 

CS1 818.15 4 - 204.54 1341.03 

CS2 963.34 2 - 481.67 860.34 

CS3 870.15 3 1.8 290.05 1114.90 

CS4 777.93 4 2.1 194.48 1320.43 

CS5 789.70 4.5 2.5 175.49 1411.17 

CS6 920.19 2.5 1.5 368.07 942.74 

 

3.2. Ultimate load on columns 

 Ult imate load carrying capacity of every column is 

shown in fig.2. Maximum load was carried by column 

strengthened with two layer of full side wrapping (CS2) which 

is about 963.342 KN. Minimum load carried by control 

column (CC) which is about 655.308 KN. and Min imum load 

carried by strengthened column, which is about 777.933 KN 

was carried by column strengthened with two layers of 0.5L 

GFRP at middle portion only (CS4). 

 

Figure 2 u ltimate load on columns 

3.3. Stiffness 

 Stiffness for every column is shown in figure 3. 

Stiffness is defined as the ratio of ultimate load to the 

deformation. Column CS2 which is strengthened with two 

layers of GFRP sheet obtains the maximum stiffness and the 

control column which is not strengthened with any kind of 

GFRP material obtains minimum stiffness. 

 

  

Figure 3 stiffness for columns 

3.3. Failure mode  

 

In all cases, the failure of the columns was the result 

of the rupture of the FRP jacket except in that of the control 

specimens. Failure of the control columns was notably more 

violent than the columns with GFRP. For most wrapped 

columns, the failure was associated with concrete crushing at 

or near the column ends and marked by wraps rupturing in the 

circumferential d irection. After failure the concrete was found 

disintegrated. Failure of GFRP wraps was  observed at or near 

a corner in all the specimens mainly due to stress 

concentrations. In order to avoid stress concentration, attempt 

should be made to round off sharp corners. One should also 

ensure that the failure will not happen at end regions by 

increasing the number of wrapping layers in the end regions. 

Failure modes of specimens are shown through Figure 4. 
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                                  Figure 4 failure pettern          

4. Conclusions 

Effective confinement with GFRP composite sheets  resulted in 

improving the compressive strength. Better confinement was 

achieved when the number of layers of GFRP wrap was 

increased, resulting in enhanced load carry ing capacity of the 

column, in addit ion to the improvement of the stiffness.  

 Axial load carrying capacity of specimen CS1 is 

increased by 15.51% in comparison with control 

specimen, but maximum axial deformation is 

decreased by 42.85%. 

 It is observed that stiffness of specimen CS1 is 

204.54 kN/mm, it increased by 102% with respect to 

control specimen. Also energy absorption for 

specimen CS1 is 1341.03 kN.mm, & it is decreased 

by 14.58% with respect to control column.  

 Axial load carrying capacity of specimen CS2 is 

increased by 36.01% in comparison with control 

specimen, but maximum axial deformation is 

decreased by 71.42%. 

 It is observed that stiffness of specimen CS2 is 

481.67 kN/mm, it increased by 376.04% with respect 

to control specimen. Also energy absorption for 

specimen CS2 is 860.34 kN.mm, & it is decreased by 

45.20% with respect to control column.  

 Axial load carrying capacity of specimen CS3 is 

increased by 22.85% in comparison with control 

specimen, but maximum axial deformation is 

decreased by 42.85% and transverse deformation is 

decreased by 14.28% compared to CS4.  

 It is observed that stiffness of specimen CS3 is 

481.67 kN/mm, it increased by 186.65% with respect 

to control specimen. Also energy absorption for 

specimen CS3 is 1114.90 kN.mm, & it is decreased 

by 28.99% with respect to control column.  

 Axial load carrying capacity of specimen CS4 is 

increased by 9.83% in comparison with control 

specimen, but maximum axial deformation is 

decreased by 71.42% and transverse deformation is 

decreased by 15.99% compared to CS5.  

 It is observed that stiffness of specimen CS4 is 

194.48 kN/mm, it increased by 92.20% with respect 

to control specimen. Also energy absorption for 

specimen CS4 is 1320.43 kN.mm, & it is decreased 

by 15.90% with respect to control column.  

 Axial load carrying capacity of specimen CS5 is 

increased by 11.49% in comparison with control 

specimen, but maximum axial deformation is 

decreased by 42.85% and transverse deformation is 

increased by 66.66% compared to CS6.  

 It is observed that stiffness of specimen CS5 is 

175.49 kN/mm, it increased by 73.43% with respect 

to control specimen. Also energy absorption for 

specimen CS5 is 1411.17 kN.mm, & it is decreased 

by 10.09% with respect to control column.  

 Axial load carrying capacity of specimen CS6 is 

increased by 29.91% in comparison with control 

specimen, but maximum axial deformation is 

decreased by 71.42% and transverse deformation is 

decreased by 40% compared to CS5. 

 It is observed that stiffness of specimen CS6 is 

368.04 kN/mm, it increased by 263.76% with respect 

to control specimen. Also energy absorption for 

specimen CS6 is 942.74 kN.mm, & it is decreased by 

39.96% with respect to control column. 
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