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Abstract— Fiber reinforced polymer (FRP) laminates are 

extensively used in retrofitting and strengthening of 

structures. The use of FRP is superior to the conventional 

method of steel jacketing in connection with strength of the 

retrofit, resistance to corrosion, ease of application, and also 

from the economic considerations, post confinement 

ductility, sectional area & weight. Retrofitting is done by 

winding of fibers & epoxy is used to bind the FRP 

laminates. FRP is extensively used in the united states, japan 

and recently it has got some recognition in India also. In 

spite of the wide variety of uses, basic aspects of FRP 

confined concrete is not understood quite well. 

Experimental investigation focuses on the strength 

parameters such as flexural strength and compressive 

strength of FRP confined concrete. The parameters varied in 

this investigation are type of fibers (CFRP or GFRP), 

number of plies, sequence of plies and curing period (7 days 

and 28 days water curing). As per the experimental 

investigation it is found that concrete specimens confined 

with CFRP have higher compressive and flexural strength 

for both single ply and double ply than the specimens 

confined with glass fiber (GFRP) after 7 days and 28 days of 

water curing. 

Key words: FRP, Carbon Fiber Reinforced Polymer, Glass 

Fiber Reinforced Polymer, Flexural Strength, Compressive 
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I. INTRODUCTION 

There are a number of structures like bridge and building all 

over the world, which do not meet the requirements of the 

design as specified. This may have happened by updating 

various design standards, upsurge in loading owing to 

alteration of the use, increase in age of the structure, 

corrosion of the reinforcing bars, marginal design, mistakes 

in construction, scanty construction, use of lower quality 

materials, and natural calamities or hazards such as 

earthquakes and fires. Which leads to the incapability of 

structure to resist the service loads applied on it. Thus 

complete strengthening, replacement or retrofitting of the 

structure is required. The fix for such problems is 

demolition and construction of new structure in place of old 

structure or retrofitting and strengthening of the existing 

deteriorated structure in different ways to improve its 

structural capacity to carry loads. Owing to the high cost of 

replacement and increase in number of deteriorated 

structures throughout the world, various research attempts 

have targeted on various methods of improving the strength 

of the structures. One of the most challenging jobs 

experienced by most of the engineers today is strengthening 

and retrofitting of the concrete.  Fiber reinforced polymers 

i.e. FRP have become one of the prominent material in 

construction industry over the past few decades. 

Applications of FRP have deviated to structural engineering 

and civil engineering from its primitive automobile and 

aeronautical engineering because of its exceptionally good 

properties as compared to traditional construction materials. 

The use of FRP in civil engineering varies from retrofitting 

of deteriorated structure to new construction. FRP can 

contribute to advancement of large no of concrete elements 

in terms of strength. Apart from the common elements like 

column beam joints and wall, they also include floor slabs, 

chimney shell, roofs and bridge piers.  

Historically, steel is used as a basic material for 

strengthening of buildings and bridges made of concrete. 

Stirrups or bonded steel plates are externally applied to 

repair the concrete girders which are weak in shear or 

flexure. However, if the steel is used as an element to 

strengthen the structure, an extra dead load is added to the 

structure and it also requires protection against corrosion. 

These methods have implicit disadvantages varying from 

difficulty in putting on to the structure and also they are less 

durable. In these days, the method of retrofitting using FRP 

has become widely popular in improving the strength of RC 

beams. In fact, Swiss Federal Laboratory for Materials 

Testing and Research is the first organization to investigate 

the retrofitting of FRP in order to enhance the flexural 

strength of RC beams in the mid1980s. In latter days, there 

was a comprehensive research on the incorporation of FRP 

as plate bonding element in place of steel plates. By 

wrapping FRP externally, beams and columns can be 

strengthened and are being widely used in later years. At 

present there are a number of investigations going on in this 

field throughout the world. Because of their tremendous 

strength-to -weight ratio and great corrosion resistance, FRP 

takes an edge over other methods of strengthening. The first 

property allows to handle with great ease at the site, where 

in cost of labour is considerably reduced and no disruption 

to the current services. The latter property assures reliable 

and long lasting performance. The weight of FRP is about 

1/5 th of the steel plates and they can be as strong as about 

at least 2 times and they can be as strong as up to 10 times 

as that of steel plates. Composites of fiber reinforced 

polymers have been employed in the aerospace industry 

from past few decades and their remarkable behaviour in 

terms of strength is very much familiar. Owing to the high 

cost of fiber reinforced polymer their use in the field of civil 

engineering is quite limited. However, the prices are 

deflating these days, allowing them to incorporate in 

extensive variety of applications in civil engineering. For 

improving the strength of the structures, only facet is 

material cost and probably a very little portion of the total 

cost might get involved in the labour cost, loss because of 

disruption to services. Fiber reinforced polymers composites 

often give the most cost-effective solution to various 

applications in civil engineering. 
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A. History of FRP 

Production of polymer on a global scale began way back in 

the mid-20th century when cost of material and cost of 

production, new technologies for production and various 

categories of new products collaborated to make production 

of polymer economical. The industry cultivated in the late 

1970s to such an extent that the polymer production of the 

world outranked that of Steel, this made the polymers an 

omnipresent material. Glass fiber was tested in applications 

of the military long back in world war 2, the production of 

carbon fiber is started way back in the 1950s though it is not 

used widely thereafter, production of aramid fibers began in 

1960 by the British industry bearing the trade name Nomex 

by DuPont. Today the above listed fibers are extensively 

used in the construction industry for any operation that 

needs plastic with required strength and elasticity. 

B. An Outline of FRP 

Composites are defined as materials that have greater 

stiffness and strength nested in a matrix material 

predominantly of resin. Various engineering properties of 

FRP are influenced by reinforcement of fibers externally, 

anyhow decrease in ratio of matrix/fiber may give rise to 

untimely failure and reduction in strength, direction or 

orientation of fibers has substantial effect on properties. FRP 

have great resistance to corrosion as they don’t contain any 

sort of metal and they are also protected by the epoxy resin 

applied on it, which protects from harsh environmental 

conditions. FRP are the materials which are not isotropic 

that means highest strength is aligned in the direction of 

length, which is unidirectional. Therefore, FRP have very 

low or negligible strength in the transversal direction. If it is 

needed to strengthen in both the directions two directional 

sheets (bi directional) sheets must be retrofitted in a way 

such that they are normal to each other. FRP are compound 

materials consisting of two integrals namely; fibers & resin. 

Fibers are the major component in enhancing the load 

carrying capacity whereas the epoxy resin acts as an 

adhesive to which fibers are bound. Amongst all the fibers 

the most commonly used fibers are glass fiber, carbon fiber 

and aramid fibers. Just like fibers there are a number of 

resins like epoxy, vinyl ester or polyester, epoxy being the 

most widely used. However, the choice and variety of a 

particular resin and fiber depends on the type of use of 

structure, requirements of strength, life span, type of 

condition to which it is exposed, and budget. Type and 

choice of materials for enhancing the strength of interior set 

of columns would be different from bridge piers, with 

respect to the extent to which strength has to be enhanced, 

environmental conditions, resistance to water and fire, cost 

of the project, are the issues that have to be reviewed. The 

FRP sheets that are found in markets have the thickness 

ranging from 0.3 to 1.5 mm. The major parameter which has 

direct influence on strength is the fiber density per sheet. 

The density of the sheet ranging for CFRP is 1.8 g/cc and 

the density for GFRP is 2.5 g/cc. Under the microscope, 

fiber filaments (carbon, aramid or glass) generally ranging 

from 8-11 micrometres make a single strand. The strands are 

made up into layers of required thickness and later on they 

are woven all together with a thread which is normal to the 

strands so that it produces a monolithic sheet similar to 

fabric. The sheets can be rolled into coils just like fabrics as 

they are flexible. 

FRP composites are generally made of 2 major 

materials namely resin matrix and fibers. The most common 

fibers used in the construction industry are glass and carbon 

because of their huge tensile strength and their resistance to 

corrosion. Amongst all the adhesives epoxy resin is the most 

widely used. Adhesive is used to saturate dry FRP sheets 

and allow them to bind with ease on the concrete structure. 

Epoxy has direct effect on the performance of the equipped 

FRP system. The spreading of epoxy on the surface of the 

concrete specimen is very essential, areas which do not have 

sufficient resin can create weak zones leading to untimely 

failure, loss of bond strength and removal of FRP. 

II. METHODOLOGY AND OBJECTIVES 

A. Methodology  

 M30 concrete is designed as per IS 10262 -2009.  

 Cubes are casted for 7 days 14 days and 28 days to 

determine the strength of the designed concrete.  

 Dimensions of all the prisms are of length 

500*100*100mm and that of cylinders is 150mm dia 

and 300 mm length.  

 Grade, number of prisms and cylinders, and type of 

specimens are listed in the table below  

Grade of 

concrete 

No of 

specimens 
Type of specimen 

M30 3 Control specimens 

M30 3 Bonded with CFRP 

M30 3 Bonded with GFRP 

M30 3 
Bonded with 2plies of 

CFRP 

M30 3 
Bonded with 2plies of 

GFRP 

M30 3 
Bonded first with CFRP 

and then with GFRP 

M30 3 
Bonded first with GFRP 

and then with CFRP 

Table 1: Description of Specimens 

 All the specimens are casted and cured for 7 and 28 

days.  

 Find the flexural strength capacity of control specimens 

subjected to bending.  

 Find the compressive strength of control specimens 

loaded axially.  

 Find the extent to which the flexural strength and the 

compressive strength is improved because of single and 

double layer GFRP CFRP wrapping.  

 Find the extent to which the flexural strength and the 

compressive strength is improved because of alternate 

layers of GFRP laminates first and then CFRP, vice 

versa.  

B. Objectives  

 To know the flexural strength of control prisms 

subjected to pure bending and also to know the 

compressive strength of control cylindrical concrete 

specimen when loaded axially.  

 Study the behaviour of the CFRP wrapped prisms 

subjected to bending for 1 and 2 layers, also to know 
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the behaviour of cylinders subjected to compression for 

1 and 2 layers.  

 Study the behaviour of the GFRP wrapped prisms 

subjected to bending for 1 and 2 layers, also to know 

the behaviour of cylinders subjected to compression for 

1 and 2 layers.  

 Study the behaviour of CFRP and GFRP wrapped 

prisms and cylinders alternatively and vice versa.  

 Observe the failure modes.  

 Comparison of results with different theories and past 

research papers.  

III. EXPERIMENTAL INVESTIGATION 

A. Materials Used 

1) Cement 

The cement used in this experimental investigation is 

ordinary Portland cement 53 grade Birla super cement 

which meets all the requirements as mentioned in 12269-

1987. The properties of cement which is used in this current 

investigation are tested and are listed as follows. 

Sl no  Property  Result

s  

Requirements 

as per  

IS 8112-1989  

1  Specific gravity  3.12  3.1-3.15  

2  Fineness 

(retained on 90 

micron sieve)  

7.58%  10%  

3  Standard 

consistency  

31%  -  

4  Initial setting 

time  

83  Greater than 30 

min  

5  Final setting 

time  

491  Should not 

exceed 600 min  

Table 2: Properties of Cement 

2) Fine Aggregate 

Fine aggregate used in this experiment is M sand and is 

brought from a stone quarry situated near chikkabalpura, 

conforming to the specifications of IS: 383-1970 (zone-II). 

The physical properties are given in table below 

Sl no Property Value 

1 Water absorption 3.6% 

2 Specific gravity 2.6 

3 Surface texture rough 

4 Fineness modulus 2.95 

5 Bulk density (loose density) 1.548 

6 Bulk density (compacted density) 1.76 

7 Zone II 

Table 3: Properties of Fine Aggregate 

3) Coarse Aggregate 

Coarse aggregate used in this investigation is bought locally 

which meets the specifications of IS 383:1970. The tests 

carried out on coarse aggregate are listed in the table below 

along with their values. 

Sl no Property Value 

1 Specific gravity 2.73 

2 Water absorption 0.72% 

3 Fineness modulus 8.07 

4 Elongation index 12.75% 

5 Flakiness index 14.83% 

6 Bulk density (loose) 1.421 

7 Bulk density (compacted) 1.531 

8 Impact value 14% 

9 Aggregate crushing value 20.98% 

Table 3: Properties of Coarse Aggregate 

4) Concrete Mix 

The character compressive strength of the concrete used in 

this experimental investigation is M30.  

The design mix adopted in this experimental 

investigation is 1:1.52:2.68 with water cement ratio of 0.45. 

The compressive strength of the designed concrete is found 

to be 36.8 N/mm2. 

5) Epoxy Primer 

The epoxy primer used is nitowrap 30 and is collected from 

FOSROC plant located in kulluvanhalli. It basically consists 

of base and hardener containing in an air tight case, it should 

be mixed in the proportion as prescribed by the 

manufacturer (FOSROC), which is about 67% base and 33% 

hardener. 

Sl no Properties Value 

1 Colour Colourless 

2 Packaging 3.5 litre 

3 Pot life 20 minutes 

4 Full cure 7 days 

5 Density 1.14gram/cm3 

6 Wet film thickness 100 microns 

7 Dry film thickness 100 microns 

8 Flash point 250C 

Table 4: Properties of Epoxy Primer 

6) Epoxy Saturant  

The epoxy saturant used is nitowrap 410 and is collected 

from FOSROC plant located in kulluvanhalli. It basically 

consists of base and hardener containing in an air tight case, 

it should be mixed in the proportion as prescribed by the 

manufacturer (FOSROC), which is about 67% base and 33% 

hardener.  

Sl no Properties Value 

1 Colour Pale yellow to amber 

2 Packaging 4 litre 

3 Viscosity Thixotropic 

4 Pot life 2 hours at 300 C 

5 Full cure 5 days at 300C 

6 Density 1.26gram/cm3 

7 Wet film thickness 250 microns 

8 Dry film thickness 250 microns 

9 Flash point 650C 

Table 5: Properties of Epoxy Saturant 

B. Preparation of Specimen 

The specimens are removed from the curing tank, and are 

allowed to dry for some time. As soon as the specimens are 

dried the specimens are cleaned, rubbed with sand paper, 

and are wiped off to free the specimen from oil residues, 

loose sand, demoulding agents and other detrimental 

substances struck on the specimen. In order to create a 

strong bond between fibers and matrix 

C. Application of Epoxy Primer 

The nitowrap 30 epoxy primer comes in two components, 

one is hardener and the other is the base, both the 

components are colourless. The base and hardener are 

measured in proportion of 2/3 and 1/3, as specified by the 

manufacturer, and they are mixed thoroughly for about 2 to 
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3 minutes. After mixing the epoxy primer shall be applied 

within a time period of about 20 minutes as its pot life is 20 

minutes. If the time surpasses 20 minutes the epoxy primer 

turns into solid crystalline form. The application of epoxy 

primer is made with brush. After application the specimen is 

allowed to dry for about 24 hours before application of 

nitowrap 410 epoxy saturant. 

D. Application of Epoxy Saturant 

 
Fig. 1: Mixing of Epoxy Saturant 

After 24 hours of application of epoxy primer, epoxy 

saturant is applied. The colour of the epoxy saturant after 

mixing turns to amber. The base and hardener measured in 

proportion of 2/3 and 1/3, as specified by the manufacturer, 

and they are mixed thoroughly for about 2 to 3 minutes. 

After mixing the epoxy saturant shall be applied within a 

time period of 120 minutes. 

E. Wrapping of FRP Laminates 

 
Fig. 2: Wrapping of FRP Laminates 

The Nitowrap carbon fiber laminates and glass fiber 

laminates are unidirectional in nature. These laminates are 

cut to required size depending on the type of specimen, a 

layer of epoxy saturant is applied on the inner face of the 

fiber laminate using roller, and then it is wrapped in such a 

way that for prisms the unidirectional fibers run along the 

longitudinal direction of the prism, which is length wise. For 

cylinders wrapping is done in such a way that the 

unidirectional fibers run along the circumference. After 

retrofitting the specimens are allowed to dry for full cure for 

5 days as specified by the manufacturer. 

F. Testing of Specimens 

 
Fig. 3: Testing of Specimens 

After 5 days of full cure the tests on the retrofitted 

specimens are carried as per the specifications of IS 516 

1959(reaffirmed 1999). 500*100*100 mm standard 

specimens are made for this investigation. A total of 42 

prisms are casted, out of which 21 specimens are cured for 7 

days and rest are cured for 28 days. The flexural strength 

test is carried out. Similarly compression test on cylinder is 

carried out as per the specifications of IS 516 

1959(reaffirmed 1999) on the retrofitted specimen. The 

dimension of the cylinder is 150mm dia and 300mm height. 

A total of 42 cylinders are casted out of which 21 specimens 

(as describe in methodology.) are cured for 7 days and rest 

are cured for 28 days. 

IV. RESULTS 

The various results of retrofitted specimens are listed below 

for both 7 days and 28 days water cured specimen 

Sl 

No 
Type Of Specimen 

Average Compressive 

Strength(N/mm2) 

1 Control specimen 32.06 

2 
Single wrapped 

CFRP 
52.80 

3 
Single wrapped 

GFRP 
45.45 

4 
Double wrapped 

CFRP 
74.12 

5 
Double wrapped 

GFRP 
58.47 

6 
First Ply CFRP 

second Ply GFRP 
65.2 

7 
First Ply GFRP 

second Ply CFRP 
63.36 

Table 6: 7 Day Flexural Strength 

Sl 

no 
Type Of Specimen 

Average Flexural 

Strength(N/mm2) 

1 Control Specimen 6.53 

2 Single Wrapped CFRP 16.53 

3 Single Wrapped GFRP 12.26 

4 
Double Wrapped 

CFRP 
22.6 

5 
Double Wrapped 

GFRP 
18.64 

6 
First Ply CFRP Second 

Ply GFRP 
20.15 
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7 
First Ply GFRP Second 

Ply CFRP 
19.27 

Table 7: 28 Day Flexural Strength 

Sl 

no 
Type Of Specimen 

Average Flexural 

Strength(N/mm2) 

1 Control Specimen 9.25 

2 Single Wrapped CFRP 24.67 

3 Single Wrapped GFRP 19.64 

4 
Double Wrapped 

CFRP 
33.46 

5 
Double Wrapped 

GFRP 
26.70 

6 
First Ply CFRP Second 

Ply GFRP 
29.81 

7 
First Ply GFRP Second 

Ply CFRP 
27.62 

Table 8: 7 Day Compressive Strength 

Sl 

No 
Type Of Specimen 

Average Compressive 

Strength (N/mm2) 

1 Control specimen 24.16 

2 Single wrapped CFRP 38.86 

3 Single wrapped GFRP 33.76 

4 
Double wrapped 

CFRP 
55.06 

5 
Double wrapped 

GFRP 
43.04 

6 
First Ply CFRP 

second Ply GFRP 
48.40 

7 
First Ply GFRP 

second Ply CFRP 
47.14 

Table 9: 28 Day Compressive Strength 

 
Fig. 4: 7 Day Flexural Strength of Prisms 

 
Fig. 5: 28 Day Flexural Strength of Prisms 

 
Fig. 6: Comparison of Flexural Strength of Prisms 

 
Fig. 7: 7 Day Compressive Strength of Cylinders 
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Fig. 8: 28 Day Compressive Strength of Cylinder 

 
Fig. 9: Comparison of Compressive Strength of Cylinders 

V. CONCLUSIONS 

Tests are conducted on various types of specimens as 

mentioned in the previous chapter, the cylindrical specimens 

are tested for compressive strength and the prisms are tested 

for flexural strength. The conclusions made in this 

investigation are as follows.  

 Concrete specimens wrapped with 2 layers of CFRP 

have the highest compressive and flexural strength. 

 Specimens wrapped with CFRP have higher flexural 

and compressive strength when compared to GFRP 

both for single and double layers. 

 Specimens wrapped with 2 layers of GFRP have lesser 

compressive and flexural strength than the specimens 

wrapped with alternate layers of GFRP and CFRP. 

 Specimens wrapped with inner layer CFRP and outer 

layer GFRP have slight higher strength than that of the 

specimens wrapped with inner layer GFRP and outer 

layer CFRP but the difference is very small.  

 Specimens confined with two layers of GFRP, CFRP 

and 2 layer alternate wrapping have higher flexural and 

compressive strength both for 28 days and 7 days, as 

compared to single layer wrapped specimens.  

 Scope for further studies  

 Various other combination and types of wrappings can 

be incorporated and can be compared.  

 Other types of resins in place of epoxy resin or even 

cement mortar can be used and comparison of flexural 

and compressive strength can be studied.  

 Durability of the wrapped specimens can be 

investigated.  
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