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ABSTRACT 

Infrastructure development is raising its pace .In todays world, the retrofitting of structure is promoted rather 
demolishing of detorited building because changes in loading, use and design configuration, inferior material used 
or natural calamities. Strengthening or rehabilitation is due to lack of strength, stiffness, ductility and durability. 
CFRP is preferred over the convectional technique due to its light in weight, high temperature tolerance and high 
tensile strength. This paper makes experimental study of strengthening of concrete columns induced with porosity. 
A concrete column is casted with cavity due to high water cement ratios. then the wrapping is done with carbon 
fiber reinforced polymers. They offer a rapid technique with the potential to enhance the long term durability and 
compression strength of damaged columns due to confinement that is provided when fibers are oriented in the hoop 
direction. the main task of this project is to investigate the effects of additional strengthening of reinforced column . 
Key word: CFRP, wrapping, strengthening, retrofitting. 
 
1. INTRODUCTION 
The traditional column strengthening techniques such as steel plate bonding and external post tensioning have their 
own disadvantages like heavy weight and corrosion of steel. The external bonding of Fiber Reinforced Polymers(FRP) 
sheets on the surface of concrete columns has gained worldwide interest as a mode of strengthening and retrofitting 
reinforced concrete structures mainly due to its high strength/stiffness to weight ratio and excellent corrosion 
resistance. Since the use of FRPs in the civil infrastructures has utilized mostly in the past few years, many of the 
studies have been carried out through out in the recent past, ranging from design methods, construction techniques, and 
mechanical properties characterization to durability, etc. 
 
CARBON FIBER 
Carbon fiber are a new breed of high-strength materials. Carbon fiber has been described as a fiber containing at least 
90% carbon obtained by the controlled pyrolysis of appropriate fibers. The existence of carbon fiber came into being in 
1879 when Edison took out a patent for the manufacture 
 
MANUFACTURING OF CFRP SHEETS 
The primary element of CFRP is a carbon filament, this is produced from a precursor polymer such as polyacrylonitrile 
(PAN), rayon, or petroleum pitch. For synthetic polymers such as PAN or rayon, the precursor is first spun into 
filament yarns, using chemical and mechanical processes to initially alig0n the polymer atoms in a way to enhance the 
final physical properties of the completed carbon fiber. Precursor compositions and mechanical processes used during 
spinning filament yarns may vary among manufacturers. After drawing or spinning, the polymer filament yarns are 
then heated to drive off non-carbon atoms (carbonization), producing the final carbon fiber. The carbon fibers filament 
yarns may be further treated to improve handling qualities, then wound on to bobbins. From these fibers, a 
unidirectional sheet is created. These sheets are layered onto each other in a quasi-isotropic layup, e.g. 0°, +60° or −60° 
relative to each other. 
 

EFFECT OF CONFINEMENT OF 
CONCRETE COLUMN USING CARBON 

FIBRE WRAPPING 
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From the elementary fiber, a bidirectional woven sheet can be created, i.e. a twill with a 2/2 weave. The process by 
which most carbon-fiber-reinforced polymer is made varies, depending on the piece being created, the finish (outside 
gloss) required, and how many of this particular piece are going to be produced. In addition, the choice of matrix can 
have a profound effect on the properties of the finished composite. 
Many carbon-fiber-reinforced polymer parts are created with a single layer of carbon fabric that is backed with 
fiberglass. A tool called a chopper gun is used to quickly create these composite parts. Once a thin shell is created out 
of carbon fiber, the chopper gun cuts rolls of fiberglass into short lengths and sprays resin at the same time, so that the 
fiberglass and resin are mixed on the spot. 
 
COMPARISON OF CARBON FIBER WITH GLASS FIBER 
The vast majority of fibers used in composites are carbon fiber and fiberglass. The choice of whether to use carbon or 
fiberglass in your application depends on many factors. Below is a breakdown of the most important carbon and 
fiberglass characteristics. 
 
Carbon fiber composites: 
Lightweight 
70% lighter than steel, 40% lighter than Aluminum 
High stiffness-to-weight ratio 
Also known as specific stiffness, this ratio allows materials of different mass to be compared quickly in rigidity-
sensitive applications where weight is still a factor. Carbon fiber is about 3 times stiffer than steel and aluminum for a 
given weight. 
Low thermal expansion 
As opposed to most other materials, carbon fiber has a negative coefficient of thermal expansion. This means that it 
expands when the temperature lowers. The matrix will have a positive coefficient, resulting in a near neutral for the 
composite. This is a desirable quality for applications that have to operate in a wide range of temperatures. 
High fatigue level 
Carbon fiber composites keep their mechanical properties under dynamic loads, rather than deteriorating slowly over 
time. 
Corrosion resistant 
Carbon and fiberglass composites alike perform well in an acidic or otherwise chemically challenging environment. 
Additives in the resin can enhance this property. 
Fiberglass composites : 
High strength-to-weight ratio 
Also known as specific strength, this number allows you to compare materials of different mass for applications where 
resistance against breaking has priority. Being more flexible, it means that glassfiber typically has a higher ultimate 
breaking point than a similarly shaped carbon fiber product. 
Cost effective 
Fiberglass composites are less expensive than carbon composites in most cases 
Non-conductive 
Fiberglass composites are insulators, which means they do not respond to an electric field and resist the flow of electric 
charge. 
Corrosion resistant 
Carbon and fiberglass composites alike perform well in an acidic or otherwise chemically challenging environment. 
Additives in the resin can enhance this property. 
No radio-signal interference (Radiolucent) 
Glassfiber composites are very radiolucent, which means they allow radiation to pass through it freely. This makes 
glassfiber rods very capable antennas. 
 
CONCRETE WRAPPING 
Carbon fiber has very high tensile strength and is also very lightweight. When bonded to the exterior of a concrete 
column, beam, or slab, it can add significant strength without adding weight that would increase the load on 
foundations and other structural members. The composite material is called fiber-reinforced plastic (FRP). FRP wraps 
are easy to apply and can be used on any size or shape of structural member. Traditional techniques for strengthening, 
such as adding concrete and reinforcing steel around the outside of a structural member (often with shotcrete), external 
post-tensioning, or adding structural steel supports (shoring) often are more expensive due to the extra work to get 
everything into place. 
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The primary reason to use this technique is to add strength to an existing structure. In some cases, it might be used on 
new construction, although at this time that is usually only in response to some sort of design or construction error. In 
appropriate applications, FRP strengthening can be 30% to 50% less expensive than traditional strengthening due to 
the ease of installation. 
Applying FRP wraps to structural concrete isn't difficult, but does require experience. Step one is surface preparation, 

starting with simply cleaning the concrete to remove any chemicals or dirt. For most applications, this is followed by 
shot blasting or water blasting to achieve a roughened surface profilethere are two types of applications to consider: 
bond critical and contact critical. Bond-critical applications rely completely on the bond of the material to the surface of 
the concrete to transfer the stresses. Contact-critical applications are where the FRP is bonded to itself and creates 
confinement of the structural member. An example of a contact-critical application is a column where the FRP wraps 
completely around onto itself. 
 
METHODOLOGY 
The chapter briefly explains the methodology adopted in the experimental work. In the first phase, the preliminary test 
of ingredients of concrete have been founded and a mix design for M20 was designed and design of column and 
reinforcement detailed was designed.The methodology worked out to achieve the above-mentioned objectives is followed as 
shown in the flow chart below: 
 
MATERIAL TESTING 
To investigate the properties of the materials such as cement and fine aggregate used for casting the specimens. 
Various laboratory tests were performed and the test results obtained were compared with the Indian Standard values. 
The test results are tabulated below. 
 
TESTS FOR CEMENT  
The following experiments were conducted to find the properties of cement as per IS-4031 

I. Standard Consistency Test 
II. Initial Setting and Final Setting Time Test 

III. Specific Gravity Test 
 
STANDARD CONSISTENCY TEST 
Take 400 gms of cement was weighed accurately and it was put in a clean tray. To start with about 25% by weight of 
cement water was taken and mixed carefully by spatula. The paste was prepared in standard manner and filled into the 
Vicat mould within 3-5 minutes. After completely filling the mould, the mould was shaken to expel air. The surface of 
the cement paste was leveled on top of the mould with trowel. Plunger is attached in moving rod and brought down to 
touch the surface of the paste and quickly released it allowing to sink into the paste by its own weight.  The reading was 
taken by noting the depth of penetration of the plunger. Other trial paste was prepared with increasing percentage of 
water and test was repeated until the needle penetration was about 5 mm to 7 mm above bottom of mould. 

Table 1 Standard Consistency of Cement 
Weight of 

cement 
(gm) 

Percentage of water 
added(in terms of 
weight of cement) 

Volume of water 
added(ml) 

Penetration from 
bottom 
(mm) 

400 28 112 37 

400 30 120 36 
400 32 128 31 

400 34 136 25 

400 36 144 16 

400 38 152 6 

 
INITIAL SETTING TIME OF CEMENT 

Table2 Initial Setting Time of Cement 

Time at which water is 
added to cement(min) 

Time at which the needle fails to pierce 
the test block by 5.0±0.5mm(min) 

Initial setting time 
(min) 
 

0 45 45 
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FINAL SETTING TIME OF CEMENT 
 

The needle used in this test was replaced by the annular attachment. The needle was released quickly allowing it to penetrate into 
the paste. When the needle comes to rest; the reading on the index scale was noted. The procedure of releasing the needle was 
repeated at every 30 seconds until the reading on the index scale shows 5 + 5 mm from the bottom of the mould. Releasing the 
needle was continued at every 2 min. till the needle makes on impression on the test block. Then the time is noted down. The time 
that elapsed between the moment when water is first added to the cement and the moment at which the needle makes only an 
impression on the test block. The procedure is repeated by taking different proportions of cement and ash. 

 
Table 3 Final Setting Time of Cement 

Time at which water 
is added to 

cement(min) 

Time at which the needle 
makes an impression on 

surface of block(min) 

Final setting 
time 
(min) 

 
0 

 
445 

 
445 

 
 
SPECIFIC GRAVITY OF CEMENT 
The specific gravity bottle was weighed in dry state. The bottle was filled with distilled water and weighed (w1). The specific 
gravity bottle was dried and filled with kerosene and again weighed (w4). Weigh the sample of cement and add this cement to the 
specific gravity bottle and weighed again. Then the bottle was rolled gently in the inclined position until no further air bubbles rise 
to the surface. Then the bottle was filled with kerosene at the top and weighed (w3). Weight of bottle and cement (W2). Weight of 
cement is noted. 

Table 4 Specific Gravity of Cement 
Sl.no Description(gm) Trial 

 
1 Weight of empty bottle( )  

0.675 

 
2 Weight of bottle + Cement ( )  

1.303 

 
3 

Weight of bottle + Cement+ 
Kerosene ( ) 

 
1.772 

 
4 

Weight of bottle + Kerosene ( )  
1.401 

 
5 Specific gravity of cement  

3.145 

CALCULATION:  
Specific gravity of cement =   

   =  

= 3.14 
TESTS FOR FINE AGGREGATE 

The following experiments were conducted to find out the properties of fine aggregate as per IS-2386:   
1. Sieve Analysis Test 
2. Water Absorption Test 
3. Specific Gravity Test 
4.  

SIEVE ANALYSIS TEST 
IS 2386 (I) – 1963 recommended the sieve analysis. These tests consist of the simple operation of dividing aggregates into fractions, 
each consisting of particles of the same size. The sieve used for the test have square openings sieve as are described by the size of 
their openings as 80 mm, 63 mm, 50 mm, 40 mm, 25 mm, 20 mm, 16 mm, 12.5 mm, 10 mm, 6.3 mm, 4.75 mm, 3.35 mm, 2.36 mm, 
1.70 mm, 1.18 mm, 850 µm, 600 µm, 425 µm, 300 µm, 212 µm, 150 µm, and 75 µm. All the sieves are mounted in frames one 
above the other in ascending order. The sieves used for coarse aggregate of sizes 80 mm, 40 mm, 20 mm, 10 mm, 4.75 mm, 2.36 
mm, 1.18 mm, 600 µm, 300 µm and 150 µm. All the sieves are mounted through the test sieves. Aggregate of known quantity is 
placed over the top sieve, and after sieving through the test sieves, the residue in each sieve is weighted the percentage of weight 
retained to the total weight is calculated, from which the percentage passing is determined. 

Table 5 Sieve Analysis of Fine Aggregate 
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Sl. 

 

Sieve 

Opening 

Size 

 

Weight of  

F.A 

Retained 

(gm) 

Cumulative 

Weight of  F.A 

retained 

(gm) 

Cumulative 

Percentage of 

F.A 

Retained 

(gm) 

Cumulative percentage 

of  F.A passing 

1 10mm 0 0 0 100 

2 4.75mm 10 10 1.0 99.0 

3 2.36mm 39 49 4.9 95.1 

4 1.18mm 235 284 28.4 71.6 

5 600µ 304 588 58.8 41.2 

6 300µ 290 878 87.8 12.2 

7 150µ 95 973 97.3 2.7 

8 75µ 25 998 - 0.2 

9 Pan 0 0 - - 

  990  Total=278.2  

CALCULATION: 
Fineness Modules =  

         =  

       = 2.78 
WATER ABSORPTION OF FINE AGGREGATE 

The specimens are subjected to water absorption test, to study the character of EPS panel. The specimen are immersed in the water 
tank and left for 24 hours. It is weighed accurately after 24 hours. The specimen is placed in an oven and the temperature of the 
oven is kept as 105oC, then the cleaned specimen is weighed accurately. From these two values, the water absorbed by the entire 
specimen were calculated and tabulated.  
Water absorption %=( W1-W2)/W1 X 100 
W1 = Weight of the wet specimen  
W2= Weight of the dry specimen  

Table 6 Water Absorption of Fine Aggregate 
Sl.n

o Description Trial 

1 
Weight of saturated surface 

dry sample (g) 751 

2 
Weight of oven dry sample 

(g) 760 

3 Water absorption 1.2% 

CALCULATION: 
 Water absorption =  X 100 

          =  X 100 

   = 1.2 
SPECIFIC GRAVITY TEST FOR FINE AGGREGATE 
The specific gravity bottle was weighed in dry state noted as w1. The weight of the bottle partially filled with aggregate w2. The 
weight of bottle partially filled with aggregate and water w3.Weights of bottle fully filled with water w4 are noted. 
CALCULATION: 
Specific gravity of fine aggregate =    

          =  

                                                      = 2.5 
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Table 7 Specific Gravity of Fine Aggregate 

Sl.
no 

Description 
(gm) 

Trial 
1 

Trial
2 

Trial
3 Mean 

1 

Weight of 
empty 
pycnometer 
( ) 

681 681 681 

2.56 

2 

Weight of 
pycnometer + 
Fine 
Aggregate( ) 

1385 1395 1393 

3 

Weight of 
pycnometer +  
Fine Aggregate 
+ water ( ) 

1961 1973 1968 

4 
Weight of 
pycnometer +  
water  ( ) 

1534 1534 1534 

5 Specific 
gravity of FA 2.56 2.59 2.56 

 

CEMENT MORTAR CUBE 
Compressive test is carried out for 1:4 & 1:5- cement mortar. The compressive strength of cement mortar at 7,14, 28 daysshown in 
table 6. 

TABLE .8 Compression Test for Cement Mortar 

S/N

O 

 

MIX 

RATIO 

SPECIMAN 

COMPRESSION STRENGTH 

7Days 
14Day

s 

28Day

s 

1 1:4 

CUBE1 2.5 3.7 7.9 

CUBE2 2.7 3.2 8.2 

CUBE3 1.9 3.1 6.8 

2 1:5 

CUBE1 1.9 3.1 5.7 

CUBE2 2.2 2.9 5.3 

CUBE3 1.6 2.5 7.2 

5 . EXPERIMENTAL SET UP 

 
6.0 Conclusions: 
From the above experiment it was inferred that, 
The EPS panel system is a new construction system that could be a good alternative for the traditional masonry and wood 
construction. Previous experience and application of the EPS panel system in different regions that were subjected to large 
earthquakes show that the EPSpanel buildings are strong enough to resist large earthquakes.  
The calculation for flexural, shear and compression forces for EPS Panel sections can be done in almost the same way as calculation 
for the reinforced concrete structural elements.  
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EPS panel walls can be designed as a cantilevered shear wall system with the failure  mechanism mainly caused by the formation of 
cracks near openings (such as doors or windows).Low- rise EPS panel buildings have great reserve strength (large values of over 
strength factor, O) for severe earthquakes.  
It has been established that approximately 900,000,000 houses will have to be built in the next 25 years, which is an impossible task 
using traditional methods. This does not alter the fact that there are significant advantages to be gained from using this system in the 
more developed countries, particularly regarding sustainability and energy consumption. 
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