
AN EXPERIMENTAL STUDY ON COMPRESSIVE BEHAVIOR OF CONCRETE 

CYLINDERS CONFINED WITH GLASS AND BASALT FIBER REINFORCED 

POLYMER 
N. Venkata subbaiah1, M. Praveen Kumar2 

1M.Tech scholar, civil engineering department, Visvodaya engineering college, Kavali. 
2Assistant Professor, civil engineering department, Visvodaya engineering college, Kavali.  

 
Abstract —In India the concrete is the most widely using 
material for construction work and also the materials, for the 
production of the concrete is also available plenty in many areas 
and several locally available materials also proved as a best one 
for the production of the concrete. And also in present 
situations the researchers are also keeping interest on the 
improvement of concrete properties by adopting the various 
techniques in curing, compaction, and usage of admixture and 
fibers.  

Fiber reinforced polymer (FRP) composites are very 
attractive for use in civil engineering applications due to their 
high strength-to-weight and stiffness-to-weight ratios, 
corrosion resistance, light weight, and potentially high 
durability. There is a growing interest in the use of FRP for 
strengthening of concrete structures such as buildings, bridges, 
chimneys, etc. This is mainly due to their tailorable 
performance characteristics, ease of application, and low life 
cycle costs. The present paper deals with the analysis of 
experimental results, in terms of load carrying capacity and 
strains, obtained from tests on circular and square prismatic 
high strength concrete specimens, strengthened with external 
E-glass fiber reinforced polymer (GFRP). The parameters 
considered are the number of composite layers, the corner 
radius for square shape, and the relation of GFRP confinement 
with steel reinforcement. All the test specimens were loaded to 
failure in axial compression and the behavior of the specimens 
in the axial directions was investigated. The obtained results 
showed that the efficiency of the confinement was very sensitive 
to the specimen cross section geometry (circular and square) 
and the confining stress expressed in the number of the GFRP 
sheet layers applied. In square cross sections, the stress–strain 
curve was influenced by the radius to which the corners of the 
section are rounded off, in order to avoid the breakage of the 
fibers.  
Key words: concrete cylinder, fiber reinforced composites, 
glass fiber, GFRP, confinement, compressive strength, ultimate 
strain 
 

1. INTRODUCTION 
Many older structures today are in the need of strengthening 
their existing civil engineer infrastructure. The reasons are 
deterioration by ageing or corrosion caused by 
environmental factors, load increase because of change of 
function in the structure or poor design which does not meet 
the present more stringent design requirements such as in 
earthquake areas. The low probability of major seismic 
events and high cost of structural rehabilitation make it 
difficult to justify economically. The most practical solutions 
for rehabilitation can often be those that minimise the risk of 
structural collapse which can be done by upgrading selected 

critical structural components. Strengthening or retrofitting 
of older structures to resist higher design loads or increase 
ductility has been accomplished with traditional materials 
such as externally bonded steel plates and steel jackets since 
in the 1960s. Numbers of retrofit techniques have been 
developed for strengthening columns which have led to 
improvement in both axial strength and ductility and to 
prevent buckling of the longitudinal reinforcement. 
Techniques with traditional materials include confinement 
with steel jackets or reinforced concrete jackets. More recent 
technique is external confinement by wrapping fiber 
reinforced polymer (FRP) sheets around columns to form an 
external reinforced jacket. The wrapping of FRP composite 
sheets around concrete columns is a promising method for 
structural strengthening and repair, based on FRP´s unique 
properties in terms of strength, lightness, chemical resistance 
and ease of application. This strengthening technique is of 
practical interest for given its fast execution and low labor 
costs. The sheets provide a passive confinement to the 
concrete core and react against the lateral dilation of the 
column under compression which delays the softening of the 
concrete and has shown to enhance both strength and 
ductility of the column .Extensive work has been done in the 
experimental and analytical fields on concrete specimens of 
circular columns since the development of FRP wrapping 
started in the 1980s, and later on, columns of square and 
rectangular cross-sections. The experimental work have 
mostly focused on the common FRP materials on the market 
which are carbon (CFRP), glass (GFRP) and aramid (AFRP) 
fibers. Among them, CFRP is the most used but the price of 
it is high and despite the lower price of GFRP and BFRP their 
mechanical properties are not as good .Fardis and Khalili 
were among the first to test concrete cylinders wrapped with 
FRP.  

2. LITERATUER REVIEW 

Quantrill et al (1996) conducted experiments with concrete 
prisms of compressive strength 65MPa. To test the shear 
pull-off, GFRP sheets were bonded with the concrete prism 
using 1mm thick adhesive agent. From the test results, it was 
noticed that the average bonding strength decreased by 10% 
with the increase in 1mm of the adhesive layer. The average 
bond strength of 1mm adhesive is 6.4MPa. The failure of the 
prism was formed within the concrete adjacent to the 
strengthened layer. Watanabe et al (1997)  
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examined the confinement effect of retrofitting of FRP sheets 
on the strength and ductility properties of the cylinders 
subjected to uniaxial compression. Experiments were carried 
out using concrete cylinders retrofitted with FRP sheets of 
size 100 mm and 200mm height. The FRP used for this study 
included, carbon fiber reinforced plastic (CFRP) and aramid 
fiber reinforced plastic (AFRP). A maximum of 4 layers of 
FRP sheets were used in the specimen. A clear relationship 
between the confinement effect and Young’s modulus were 
made. It was found that the number of layers proportionally 
increased the compressive strength of the concrete. Shi 
Zhang et al (2000) conducted experiments on increasing 
efficiency in the concrete columns with external 
reinforcements. For the investigation process a total of five 
polymer composites wrapping were cast. Furthermore, E-
glass fibers and vinyl-ester resin proved to be the best cost 
effective system of external reinforcement. It was noted that 
the fiber reinforced in hoop direction showed high 
strengthening to the columns. For best usage, the carbon 
fiber hybridized with glass fibre Parretti and Nanni (2002) 
examined the effects of CFRP confinement with different 
fiber orientations in circular and rectangular cross-sections. 
It was observed that the ±45º orientation possessed high 
stiffness and ductility than the hoop direction. But the 
ultimate capacity of ±45º was less than that of the latter. 
Greater energy dissipation causes the enlargement of failure 
zone. Hadi (2003) in his paper “Retrofitting of shear failed 
reinforced concrete beams” considered the strength and load 
carrying capacity enhancement of reinforced concrete beams 
that have been tested and failed in shear and using various 
types of FRP and then re-tested. The retrofitted beam. 
Specimens were subjected to four-point static loading. The 
results confirm that the strengthening techniques using FRP 
sheets can be used to considerably increase shear capacity. 
Antony et al (2004) briefly explained in his paper “Flexural 
strengthening of reinforced concrete beams by mechanically 
attaching fibrereinforced polymer (FRP) strips showed 
increases in yield moment over the conventional beams of 
upto 21.6% and showed increases in the ultimate moment of 
upto 20.1%. Based on this study it was clear that, it is 
possible to achieve a failure mode using the fastened method 
similar to that seen in a standard reinforced concrete 
beamPantelides et al (2004) made experiments on columns 
jacketed with FRP composites having circular, square, 
rectangular and elliptical crosssections. FRP composites 
possess problem of being brittle at failure. FRP tends to 
increase the axial strength and the ductility of the columns. 
This experiment with the result recommended the use of not 
less than two layers of FRP as retrofitting and the adoption 
of a factor of safety. It was finalized in the study that the FRP 
composite jacketing was more effective in case of circular 
columns than the square columns. Santhakumar et al (2004) 
in the paper “Analysis of retrofitted reinforced concrete shear 
beams using Carbon Fibre Composites” brought out the 
numerical study on the behaviour of Retrofitted concrete 
beams under shear. The fibre orientation of the beams were 
made as 45  and 90  in both the non-retrofitted RC beams 
that were used as conventional beams and RC beams that 
were retrofitted by the use of Carbon Fibre Reinforced 
Plastic (CFRP). ANSYS software was used for the finite 

element analysis. The major effect of the retrofitting and 
non-retrofitting were clearly explained. The analytical 
results were compared with the load deflection plots that 
were made by Tom Norris et al (1997) and found to be 
having good agreement with both. The crack patterns 
obtained from the loading were also clearly presented. 
 

3. MATERIALS AND METHODS 

 
3.1. Ordinary Portland cement. 

 Portland cement is the most common type of cement in 
general use around the world, used as a basic ingredient 
of concrete, mortar, stucco, and most non-specialty grout. It 
developed from other types of hydraulic lime in England in 
the mid-19th century and usually originates from limestone. 
It is a fine powder produced by heating materials in a kiln to 
form what is called clinker, grinding the clinker, and adding 
small amounts of other materials. Several types of Portland 
cement are available with the most common being called 
ordinary Portland cement (OPC) which is grey in color, but 
white Portland cement is also available. 

3.2 Sand. 

Fine aggregate / natural sand is an accumulation of grains of 
mineral matter derived from the disintegration of rocks. It is 
distinguished from gravel only by the size of the grains or 
particles, but is distinct from clays which contain organic 
materials. Sands that have been sorted out and separated 
from the organic material by the action of currents of water 
or by winds across arid lands are generally quite uniform in 
size of grains. Usually commercial sand is obtained from 
river beds or from sand dunes originally formed by the action 
of winds.  
 
3.3. Coarse aggregate. 
Coarse aggregate of size less than 10 mm i.e., passed through 
10mm sieve and retained on 6.3mm sieve are taken. Because, 
if we add aggregate of larger size, then the crack width of 
concrete specimen increases and it cannot heal the cracks in 
presence of moisture.Two single sized crushed stone 
aggregates ranging from 12.5mm to 2.36 mm and 20 mm to 
4.75 mm (10mm and 20mmsizes) were used in respective 
proportions in concrete mixes.  
 
3.4. Glass Fibre 
The glass fibers with the designation “Cem-Cem-Fil Anti-
Crack, HD-12mm, Alkali Resistant glass fibres”were used 
throughout in this experimental work. The specifications of 
these fibres are presented in Table. 
 
a. Basalt Fiber 
Basalt fiber is a material made from extremely 
fine fibers of basalt, which is composed of 
the minerals plagioclase, pyroxene, and olivine. It is similar 
to fiberglass, having better physicomechanical properties  
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than fiberglass, but being significantly cheaper than carbon 
fiber.The specifications of these fibres are presented in 
Table. 

Table 1.Properties of Glass fibers and Basalt 
fibers 

 
Fiber 

reinforced 
polymer 

 
Density(kg/m3) 

 
Tensile 

Strength(Gpa) 

 
Elastic 

modulus(Gpa) 

Glass 2.46-2.58 2.4-3.5 72-87 
Basalt 2.65-2.8 4.2-4.8 89-110 

 
The current experimental study was carries by conducting 
Preliminary tests for mix design of concrete and for M20, 
M25 and M30 grade concrete. And the mix proportion is 
shown in table. 
 

Table 2. Mix proportion of M20 grade concrete. 

Ingredients Quantities Proportion 

Water 191.6 lit 0.47 

cement 425.78kg 1 

fine aggregate 563.71kg 1.323 

coarse aggregate 1194.586 kg 2.805 
 

Table 3. Mix proportion of M25 grade concrete 

Ingredients Quantities Proportion 

Water 191.6 lit 0.45 

cement 425.78kg 1 

fine aggregate 563.71kg 1.323 

coarse aggregate 1194.586 kg 2.805 
 

Table 4. Mix proportion of M30 grade concrete. 

Ingredients Quantities Proportion 

Water 191.6 lit 0.45 

cement 425.78kg 1 

fine aggregate 563.71kg 1.323 

coarse aggregate 1194.586 kg 2.805 

 
Then cylinders of size 100mm X 200mm are casted and 
tested for compressive strength of the cylinders warped with 
glass fiber reinforced polymer (GFRP) and basalt fiber 
reinforced polymer (BFRP) After 28 days curing. 
 
 

4. RESULTS 
The tests were conducted and the results were tabulated and 
the same are represented in the graphical form 

 
 
 
 
 

 
 

Table 4.variation of compressive strength split tensile 
strength and flexural strength with % of fibres. 
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Figure 1. Variation of compressive strength. 

 
5. DISCUSSIONS 

 

From the above results the fallowing discussions were 
made 

 

5.1. Percentage variation of compressive strength with 
GFRP: 

The compressive strength of concrete cylinder is increased 
for M20 grade of concrete confined with glass fiber 
reinforced polymer 270 Gsm is 1.95%, confine with  
350gsm 3.37% ,confined with  470gsm 5.8% than 
conventional concrete . 

The compressive strength of concrete cylinder is increased 
for M25 grade of concrete confined with glass fiber 
reinforced polymer 270 Gsm is 2.66 %, confine with  
350gsm 5.09 % ,confined with  470gsm 7% than 
conventional concrete.  

The compressive strength of concrete cylinder  is increased 
for M30 grade of concrete cylinder confined with glass 
fiber reinforced polymer 270 Gsm is 2.45  %, confine with  
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350 gsm  4.88 % ,confined with  470gsm 8.4 % than 
conventional concrete . 

 

5.2. Percentage variation of of compressive strength with 
BFRP 
The compressive strength of concrete cylinder is increased 
for M20 grade of concrete confined with basalt fiber 
reinforced polymer 270 Gsm is 3.2 %, confine with  350gsm  
4.18 % ,fconfined with  470gsm 5.88 % than conventional 
concrete . 

The compressive strength of concrete is increased for M25 
grade of concrete cylinder confined with basalt fiber 
reinforced polymer 270 Gsmis  3.74 %, confine with  350 
gsm  5.65 % ,fconfined with  470gsm 7.56 % than 
conventional concrete . 

The compressive strength of concrete is increased for M30 
grade of concrete cylinder confined with basalt fiber 
reinforced polymer 270 Gsm is 4.85 %, confine with  
350gsm  7.63 % ,fconfined with  470gsm 8.67 % than 
conventional concrete .. 

 
6. CONCLUSIONS 

For wrapped with glass fiber reinforced polymer gsm 470 , 
the compressive strength of concrete is increased for a 
maximum of 4.20 % when compared with conventional 
concrete for M20 grade concrete 
For wrapped with glass fiber reinforced polymer gsm 470 , 
the compressive strength of concrete is increased for a 
maximum of 7.05 % when compared with conventional 
concrete for M25 grade concrete . 
For wrapped with glass fiber reinforced polymer gsm 470 , 
the compressive strength of concrete is increased for a 
maximum of 8.4 % when compared with conventional 
concrete for M30 grade concrete . 
For wrapped with basalt fiber reinforced polymer gsm 470 , 
the compressive strength of concrete is increased for a 
maximum of 6.88 % when compared with conventional 
concrete for M20 grade concrete . 
For wrapped with basalt fiber reinforced polymer gsm 470 , 
the compressive strength of concrete is increased for a 
maximum of 7.76 % when compared with conventional 
concrete for M25 grade concrete . 
For wrapped with basalt fiber reinforced polymer gsm 470, 
the compressive strength of concrete is increased for a 
maximum of 8.67 % when compared with conventional 
concrete for M30 grade concrete . 
By using FRP composites we can rehabilitation and 
upgrading of deficient reinforced-concrete (RC) structures 
such as buildings, bridges, parking garages, chimneys,  etc 
One important application of this composite retrofitting 
technology is the use of FRP jackets to provide external 
confinement to RC columns when the existing internal 
transverse reinforcement is inadequate . 
RC columns need to be laterally confined in order to ensure 
large deformation under load before failure and to provide an 
adequate resistance capacity. 

In the case of a seismic event, energy dissipation allowed by 
a well-confined concrete core can often save lives. 
The experimental results clearly demonstrate that composite 
wrapping can enhance the structural performance of RC 
columns under axial loading, in terms of both maximum 
strength and strain. In general, the confinement effectiveness 
reduces with an increase in the unconfined concrete strength. 
By comparing results we can say that basalt fiber reinforced 
polymer give more strength compared with glass fiber 
reinforced polymer wrapped cylinders. 
.  
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