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ABSTRACT 

In the present experimental work an attempt was 

made to produce concrete with enhanced strength 

parameters and durability. Carbon fiber reinforced 

concrete (CFRC) is a concrete containing fibrous 

material which increases its structural integrity. It 

contains short discrete carbon fibers that are 

uniformly distributed and randomly oriented. 

Carbon fibers include steel carbon fibers, glass 

fibers, synthetic fibers and natural fibers. Fibers are 

usually used in concrete to control cracking due to 

both plastic shrinkage and drying shrinkage. They 

also reduce the permeability of concrete and thus 

reduce bleeding of water. Taking these advantages 

into account a study was done on FRC. We expect to 

achieve all the desired properties of a durable 

concrete using these two materials. As a preliminary 

work the properties of materials used were 

determined. It is very important to maintain 

workability of concrete, hence workability tests 

were done and dosage of super plasticizer was 

determined. The percentage of carbon fiber to be 

added was determined and fixed to be 0.6%. Hence 

different combinations were adopted and cubes, 

cylinders and prisms were casted and were tested 

for strength and durability. 
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1. INTRODUCTION 

Concrete is a composite construction material that is 

composed of cement (commonly Portland cement) and 

other cementitious materials such as fly ash and slag 

cement aggregate (generally a coarse aggregate made of 

gravels or crushed rocks such as limestone, or granite, 

plus a fine aggregate such as sand), water, and chemical 

mixtures. Concrete solidifies and hardens after mixing 

with water and placement due to a chemical process 

known as hydration. The water reacts with the cement, 

which bonds the other components together, eventually 

creating a robust stone-like material. Concrete is used 

to make pavements, pipe, architectural structures, 

foundations, motorways/roads, bridges/overpasses, 

parking structures, brick/block walls and footings for 

gates, fences and poles. 

 

The Ordinary Portland Cement (OPC) is one of the 

main ingredients used for the production of concrete 

and has no alternative in the civil construction industry. 

Unfortunately, production of cement involves emission 

of large amounts of carbon-dioxide gas into the 

atmosphere, a major contributor for green house effect 

and the global warming, hence it is inevitable either to 

search for another material or partly replace it by some 

other material. The search for any such material, which 

can be used as an alternative or as a supplementary for 

cement should lead to global sustainable development 

and lowest possible environmental impact. 

 

Concrete is a relatively brittle material, when subjected 

to normal stresses and impact loads. Tensile strength of 

concrete is approximately one tenth of its compressive 

strength. As a result of these characteristics, plain 

concrete members could not support loads and tensile 

stresses that occurred on concrete beams and slabs. 

Concrete members are reinforced with continuous 

reinforcing bars to withstand tensile stresses and 

compensate for the lack of ductility and strength. The 

addition of steel reinforcement significantly increases 

the strength of concrete, and results in concrete with 

homogenous tensile properties; however the 

development of micro cracks in concrete structures 

must be checked. The introduction of fibers is generally 

taken as a solution to develop concrete in view of 

enhancing its flexural and tensile strength. 

 

Concrete shrinks when it is subjected to a drying 

environment. The extent of shrinkage depends on many 

factors, including the properties of materials, 

temperature and relative humidity of the environment, 

and the size of the structure. If concrete is restrained 

from shrinkage, tensile stresses develop and concrete 

may crack. Cracking due to restrained plastic shrinkage 

can be of critical concern in concrete construction such 

as highway pavements, slab cast on grade, and floors 

for parking garages. One possible method to reduce 

these adverse effects of cracking due to restrained 

shrinkage is addition of short and randomly distributed 

carbon fibers. Addition of carbon fibers is known to 

considerably reduce the crack width resulting from 

restrained shrinkage. 

 

Now a day the construction industry turning towards pre-

cast elements and requirement of post-tensioning 
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has made the requirement of the high strength of 

concrete invariable and the engineers had to overcome 

these drawbacks, which to a great extent we have been 

able to do. The construction today is to achieve savings 

in construction work. This has now turned into one of 

the basic requirement of concreting process. 

 
2. CARBON FIBERS IN CONCRETE 

Carbon fiber reinforced concrete (FRC) is concrete 

containing fibrous material which increases its 

structural integrity. It contains short discrete fibers that 

are uniformly distributed and randomly oriented. 

Fibers include steel fibers, glass fibers, synthetic fibers 

and natural fibers. Carbon fibers are usually used in 

concrete to control cracking due to both plastic 

shrinkage and drying shrinkage. They also reduce the 

permeability of concrete and thus reduce bleeding of 

water. Some types of fibers produce greater impact, 

abrasion and shatter resistance in concrete. Generally 

fibers do not increase the flexural strength of concrete, 

and so cannot replace moment resisting or structural 

steel reinforcement. Indeed, some fibers actually reduce 

the strength of concrete. 

 

The amount of carbon fibers added to a concrete mix is 

expressed as a percentage of the total volume of the 

composite (concrete and fibers), termed volume 

fraction (Vf). Vf typically ranges from 0.1 to 3%. 

Aspect ratio (l/d) is calculated by dividing fiber length 

(l) by its diameter (d). Carbon fibers with a non-circular 

cross section use an equivalent diameter for the 

calculation of aspect ratio. If the modulus of elasticity 

of the carbon fiber is higher than the matrix (concrete or 

mortar binder), they help to carry the load by increasing 

the tensile strength of the material. Increase in the 

aspect ratio of the carbon fiber usually segments the 

flexural strength and toughness of the matrix. However, 

carbon fibers which are too long tend to "ball" in the 

mix and create workability problems. 

 

The effects of carbon fibers on the behavior of plastic 

and hardened concrete vary depending on the concrete 

materials, mix proportions, carbon fiber type and 

length, and quantity of fiber added. Research from 

various sources, though, generally agrees that adding 

synthetic fibers to concrete can improve the following 

properties: 

• Impact resistance (increases of 10% to 50%) 

• Abrasion resistance (increases of 20% to 52%) 

• Permeability (decreases of 33% to 45%) 

• Toughness or post-crack integrity(increases of15%) 

Concrete made with Portland cement has certain 

characteristics: it is relatively strong in compression but 

weak in tension and tends to be brittle. The weakness in 

tension can be overcome by the use of conventional rod 

reinforcement and to some extent by the inclusion of a 

sufficient volume of certain carbon fibers. The use of 

carbon fibers also alters the behavior of the carbon fiber-

matrix composite after it has cracked, thereby improving 

its toughness. 

 

WORKING OF SYNTHETIC CARBON FIBERS 

IN EARLY AGE CONCRETE 

Early age volume change in concrete cause weakened 

planes and cracks to form becausea stress exists which 

exceeds the strength of concrete at a specific time. The 

growth of this micro shrinkage cracks is inhibited by 

mechanical blocking action of synthetic carbon fibers. 

The uniform distribution of carbon fibers throughout 

the concrete discourages the development of large 

capillaries caused by bleed water migration to the 

surface. Synthetic carbon fiber lower permeability 

through the combination of plastic crack reduction and 

reduced bleeding characteristics. 

 

WORKING OF SYNTHETIC CARBON FIBERS 

IN HARDENED CONCRETE 

Hardened concrete attributes provided by synthetic 

carbon fibers are lowered permeability and resistance to 

shattering abrasion and impact forces. The ability to 

resist shattering forces is greatly enhanced with 

introduction synthetic carbon fibers to concrete. When 

plain concrete is constrained it will shatter and fail at 

first crack. Synthetic carbon fibers manufactured 

specially for concrete prevents the effect of shattering 

forces by tightly holding the concrete together. 

Abrasion resistance is provided when synthetic carbon 

fibers are used because water cement ratio at surface is 

not lowered by variable bleed water. The water-cement 

ratio is more consistent at concrete surface. Synthetic 

carbon fibers reduce amount of plastic cracking of 

concrete. This improves impact resistance of concrete. 

The relatively low modulus of elasticity provides 

absorption characteristics. 

 

DIRECTION FOR USE 

Sprinkle the carbon fiber in site mixer with little water. 

Keep rotating and add chips, sand, cement and balance 

water. Mix it for a few minutes. In case of manual 

mixing, for best results mix half the carbon fiber in a 

bucket of water, stir well and mix in mortar. Likewise 

add balance carbon fiber. 

Ordinary concrete when subjected to the rigorous test 

of time and extreme weather conditions tends to crack 

and lose its strength. It can lead to seepage and 

corrosion of primary steel and spalling of concrete. As a 

secondary reinforcing material the carbon carbon fiber 
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arrest the shrinkage cracks and increases the resistance 

to water penetration abrasion and impact. It makes 

concrete homogenous and also increases compressive 

behavior, ductility and flexural strength. Thereby 

extending its lifespan and reducing maintenance cost. 

Ability to replace or reduce non structural steel also 

reduces input costs. Use of uniformly dispersed carbon 

fibers reduces segregation and bleeding and also results 

in a more homogenous mix. This leads to better 

strength and reduced permeability which improves 

durability. 

 

ECONOMICAL ASPECT 

Using of carbon fibers helps saving cost. Carbon fiber 

when used in roof slab and water retaining structures, it 

can help to reduce cost of expensive water proofing. 

Reduces maintenance cost by improving durability and 

quality of structures. Using of carbon fibers in concrete 

reduces rebound loss thereby saving direct material 

cost. 

 

APPLICATION OF CARBON FIBERS 

• All types of pavements and overlays, industrial 
floors, roads, taxiways hangars. 

• Deep and shallow foundations, column beam and 
lintel bridge deck and girders. 

• Water retaining structures such as RCC retaining 

walls, water tanks, cross drains, swimming pools, 

hydel projects, check dams, canal lining, jetties, 

ports, spillways etc. 

• Water proofing in rooftops, sunken toilets etc. 

• Tunnel lining, slope stabilization, rehabilitation etc. 

• Hollow and solid blocks, pavers, tiles, railway 
sleepers, hume pipes and other pipes. 

 
3. MINERAL ADMIXTURES IN CONCRETE 

Mineral admixture is a material other than water, 

aggregate, cement, used as an ingredient of concrete or 

mortar added to the batch immediately before or during 

mixing. A proper use of admixtures offers certain 

beneficial effects to concrete, including improved 

quality, acceleration or retardation of setting time, 

enhanced frost and sulfate resistance, control of 

strength development, improved workability, and 

enhanced finish ability. According to a survey by the 

National Ready Mix Concrete Association, 39% of all 

ready-mixed concrete producers use fly ash, and at least 

70% of produced concrete contains a water-reducer 

admixture. Admixtures vary widely in chemical 

composition, and many perform more than one 

function. Two basic types of admixtures are available: 

chemical and mineral. All admixtures to be used in 

concrete construction should meet specifications; tests 

should be made to evaluate how the admixture will 

affect the properties of the concrete to be made with the 

specified job materials, under the anticipated ambient 

conditions, and by the anticipated construction 

procedures. Mineral admixtures are usually added to 

concrete in larger amounts to enhance the workability 

of fresh concrete; to improve resistance of concrete to 

thermal cracking, alkali-aggregate expansion, and 

sulfate attack; and to enable a reduction in cement 

content. 

Incorporation of mineral admixtures particularly 

industrial waste by- products such as fly ash, blast 

furnace slag improves many properties of concrete 

significantly and favorably. The spherical shape and 

small size of the particle helps in filling void space 

between large cement grains which is otherwise 

occupied by water. In the water filled capillaries 

admixtures undergo pozzolanic action with Ca(OH)2 

released during cement hydration. As a result of this 

there is large decrease in volume and size of the pores. 

Both physical and pozzolanic action of pores greatly 

affects the properties of fresh and hardened concrete. 

Pozzolana is a siliceous or siliceous and aluminous 

material, which in itself possess little or no 

cementitious value but will, in finely divided form and 

in the presence of moisture, chemically react with 

calcium hydroxide at ordinary temperatures to form 

compounds possessing cementitious properties. 

 

Portland cement + water = calcium silicate hydrate + 

calcium hydroxide. Pozzolana + calcium hydroxide + 

water = calcium silicate hydrate. 

 

Admixture play a vital role in making new construction 

durable as well as in rehabilitating structures whose 

durability is in question. They are also used for repairs 

and maintenance. Bonding admixture, polymer 

modified epoxy mortar, anti corrosive coating etc. are 

useful in repairs which provide an effective and long 

term repair solution to distressed RC members. 

Pozzolanas play an important role when added to 

Portland cement because they usually increase the 

mechanical strength and durability of concrete 

structures. The most important effects is in the 

cementitious paste microstructure. It causes changes in 

pore structure produced by the reduction in the grain 

size caused by the pozzolanic reactions and the 

obstruction of pores and voids by the action of the finer 

grains (physical or filler effect). The mineral 

admixtures have been used successfully to partially 

replace energy consuming Portland cement. The use of 

pozzolanas has the advantage of lower costs and better 

durability, but disadvantage of a longer setting time and 

a slower early strength development. Different 
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techniques have been tried to increase the reactivity of 

natural pozzolanas to overcome these disadvantages. 

 
The partial replacement of Portland cement with 

pozzolanic materials results in the following 

advantages: 

• Reduces permeability. 

• Reduces expansion and heat of hydration. 

• Reduces micro-cracking. 

• Increases compressive strength of concrete. 

• Increases resistance to sulphate attack. 

• Increases resistance to chloride attack. 

• Reduces alkali-aggregate reaction. 

• Impedes carbonation. 

• Improves durability. 

• Protects steel reinforcement from corrosion. 

4. SCOPE AND OBJECTIVE 

The main objective of the present work is to develop 

concrete with good strength and enhanced durability. In 

order to achieve this use of pozzolanic material like 

carbon fiber is required. 

 
5. SCOPE OF PROPOSAL WORK 

• To produce concrete with enhanced durability 

and thereby reducing maintenance and repair 

cost by the incorporation of carbon fibers. 
. 

 

METHODOLOGY 

• Tested the material properties as per IS code 

procedures. 

• Mix design for concrete proportion was arrived at 

as per IS- 10262- 1982. 

• The properties of fresh concrete were determined 

as per IS- 1199- 1959. 

• The concrete specimens were casted and cured as 

per IS procedures. 

• Tests were conducted on hardened concrete to 

determine various strength parameters. 

• Various durability tests were conducted as per 

standard codes. 

• Finally results were compared with conventional 

concrete and partial replacement concrete mixed 

with carbon fiber and conclusions were arrived 

at. 
 

6. LITERATURE REVIEW 

In recent decades there is a trust in finding how the 

concrete can be improved not only strength wise but in 

every aspect. The concept of using carbon fibers and 

mineral admixture in concrete is not new. Many 

researchers have been done in this area and many have 

proved the positive effects of using carbon fibers and 

mineral admixtures in concrete. Given below is an over 

view of studies done in this area and how it has affected 

various parameters of concrete. 

 

[Patel and Patel],the researcher detailed about the 

effect of tetra functional epoxy resins on the mechanical 

properties of the carbon fiber reinforced polymer. Two 

epoxy resins were going to use for the fabrication of 

carbon fiber epoxy composites and the comparison 

takes place. The specimen were made according to 

ASTM d standard. The mechanical properties were 

going to be investigated based on the different epoxy 

resins. The result shows that the tetra functional epoxy 

resins have a good impact on the flexural and inter 

laminar shear strength of the composites. 

 

[Mujika et al] the research explained about the woven 

carbon fiber epoxy composites demands were increased 

in the research areas and the industries because of ease 

of manufacturing. Two different epoxy were used with 

the filler known as polysulfone. The sample were made 

according to ASTM d standard through vacuum 

technique. The effect of polysulfone were going to 

analyse when the mechanical properties were 

investigated. Flexural test and fracture toughness of 

mode-I and mode-II were going to be tested. Both the 

matrix use for making the woven carbon fiber were 

going to compare them with itself. 

 

[Giovedi et al],the literature survey of the paper inform 

that the adhesion between the fiber and the matrix play 

an important role for the mechanical properties of the 

composites. In this paper two different types of carbon 

fiber were taken to observe the adhesion parameter. The 

effect of the EB irradiation were analyse on the 

specimen. The fiber were previously irradiated for 

resins impregnated specimens. The sample were made 

according to ASTM D4018 and ASTM E83 for testing 

specimen. The tensile strength and surface of the fiber 

were going to analyse. The observation shows that the 

effect of the EB irradiation modified the surface 

finishing or to improve the adhesion between the fiber 

and the matrix. 

 

[Han-ki yoon], the researcher explained about the 

effect of the fiber orientation and the volume fraction 

for hybrid composites. The combination of the two 

reinforcement was Carbon Fiber Reinforced Polymer 

(CFRP) and the metal. Three orientation of the fiber 

were taken based on the experiment0°,45°&90°. The 

sample were made according to ASTM d standard. Two 
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important mechanical were going to be investigated. 

Tensile strength and Fatigue life of the composites. The 

results shows that the tensile strength were decreases on 

0°-90°combination when CFRP ratio increased. But not 

in case of45°. Fatigue life was less as compared to both 

the cases when the ratio of CFRP was more. 

 

[Naito et al], a comparative study of the ultrahigh 

tensile strength PAN based, ultrahigh modulus pitch 

based and high ductility pitch based carbon fiber were 

done to investigate its mechanical properties like tensile 

strength and fracture toughness. The sample were 

prepared with specific dimension according to ASTM 

D3379. The tensile strength of the sample were done 

through UTM and the fracture strength were taken 

place by SEM. The stress-train relation were shown and 

the curves were drawn by comparing it. The Weibull 

statistical distribution were compared with itself and the 

result were shown that ultrahigh modulus pitch based 

carbon fiber has the lowest Weibull modulus than high 

ductility pitch based carbon fiber. 

 

[F.H. et al], the aim of the research paper was to find 

out the volume fraction of the fiber form the composites 

material. Two different types of fiber were chosen to 

find out the separate volume fraction. One was the glass 

fiber and the other was carbon fiber and compare them 

itself. The sample were made according to ASTM d 

standard with filament winding method. The physical 

properties and the volume fraction were going to find 

separately for each fiber. Because the volume fraction 

was also one of the important parameter for enhancing 

the mechanical properties. Filler were not used in this 

composites because it reduce the mechanical properties 

but increase the fir resistance. The result shows that the 

volume fraction of the glass fiber was less as compared 

to carbon fiber. 

 

[Okabe et al], explained his work how the numerical 

simulation and the sizing of the fiber effect the tensile 

strength of the unidirectional CFRP composites. The 

carbon fiber used as reinforcement was T300 and the 

epoxy was Bisphenol-A Epoxy resins having a curing 

agent. The sample were prepared with the desired shape 

and size with different orientation of the fiber ( 0°, 30°, 

45°, 60° & 90°) for testing the mechanical properties. 

The sample were made according to ASTM d standard. 

The Weibull of Weibull model consider for the data 

which comes through experimental work. The 

constitutive law of the epoxy were also going to be 

calculated. 

 

[Coban et al], the researcher explained about the use of 

carbon fiber reinforced polymer because of their 

important mechanical properties. In this research paper 

one of the important parameter were going to evaluate 

was viscoelastic properties which were going to be 

effected by the orientation of the fiber on thermal 

cycles. The sample were made according to ASTM 

standard while maintaining the orientation of the fiber. 

The changes of the temperature from middle range to 

transition were going to absorb the effect of thermal 

cycles. DMA results were gave a detailed description 

about the viscoelastic properties how the thermal cycles 

were effected when the temperature changes based on 

the orientation of the fiber. 

 

[Marinucci et al],the researcher inform how the 

orientation of the fiber effect the mechanical properties 

of the composites. The composites manufactured here 

was angle ply composites by filament winding. The 

fiber used here was T300 and the matrix were epoxy 

resins. The specimens were made according to specific 

dimension of ASTM D3039. Testing of the sample 

informed that the slight changes of the orientation 

having low angle shows a good tensile strength then the 

orientation having high angle. Tensile test were going 

to investigate in which stress-strain curve, modulus of 

elasticity, poison ratio and tensile strength were 

observed. As the orientation of the fiber increase to 

high angle 60°,70° and 80° the tensile strength were 

going to decrease. 

 

[Banakar and shivananda],the effect of the 

orientation of the fiber were going to analyse by the 

researcher into his work. Three different orientation of 

the fiber were going to come under his work that 

was,30°,45°&90°. The laminated carbon fiber 

reinforced polymer composites were obtained. Epoxy 

resins of standard brand were going to take as matrix. 

The sample were made according to ASTM d standard 

through Hand lay-up. The mechanical properties were 

going to analyse by observing the orientation of the 

fiber. Tensile test and flexural test were done on UTM 

and the graphs were drawn to identify the other 

properties based on this test. 

 

[Gururaja and Harirao], the benefits of the hybrid 

composites drawn a researcher attraction to combine 

the advanced composites material such as carbon fiber 

and the glass fiber with three different orientation to 

obtain the required properties of the composites. The 

sample were made according to ASTM d standard 

through vacuum bagging technique. 

 
7. MATERIALS USED AND THEIR PROPERTIES 

Various materials used for the experimental study are 

the following: 
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SUPER PLASTCIZER: 

Super plasticizers or chemical admixtures are added to 

concrete mix to improve workability and reduce water 

content. These can be added to concrete mix having a 

low to- normal slump and water cement ratio to 

produce high slump flowing concrete. The effect of 

super plasticizers lasts only for 30to 60 minutes, 

depending on composition and dosage and is followed 

by rapid loss in workability. The basic advantages of 

super plasticizers include, (1) high workability of 

concrete, resulting in easy placement without reduction 

in cement content and strength; (2) high strength 

concrete with normal workability but lower water 

content; and (3) a concrete mix with less cement but 

normal strength and workability. Plasticizers are usually 

based on lingo sulphonate, which is a natural 

polymer, derived from wood processing in the paper 

industry. 

 

These admixtures are used for following purposes: 

To achieve a higher strength by decreasing the water 

cement ratio at the same workability as an admixture 

free mix. 

• To achieve the same workability by decreasing 

the cement content so as to reduce the heat of 

hydration in mass concrete. 

• To increase the workability so as to ease placing 

in accessible locations 

• Water reduction more than 5% but less than 12% 

 
CEMENT: 

Cement is a material that has cohesive and adhesive 

properties in the presence of water. Such cements are 

called hydraulic cements. These consist primarily of 

silicates and aluminates oflime obtained from limestone 

and clay. There are different types of cement, out of 

that I have used two types i.e. 

• Ordinary Portland cement 

• Portland slag cement 
Ordinary port land cement (OPC) is the basic Portland 

cement and is best suited for use in general concrete 

construction. It is of three types, 33 grades, 43 grade, 53 

grade. One of the important benefits is the faster rate of 

development of strength. Cement is a fine, grey 

powder. It is mixed with water and materials such as 

sand, gravel, and crushed stone to make concrete. The 

cement and water form a paste that binds the other 

materials together as the concrete hardens. 

The ordinary cement contains two basic ingredients 

namely argillaceous and calcareous. In argillaceous 

materials clay predominates and in calcareous materials 

calcium carbonate predominates. The Basic 

composition of cement is provided in table. In the 

present work 53 grade cement was used for casting 

cubes and cylinders. The cement was uniform color i.e. 

grey with a light greenish shade and was free from any 

hard lumps. 

 

Table: 1 Composition limits of Portland cement 

 

Ingredient Percentage Content 

CaO (Lime) 60 – 67 

SiO2 (Silica) 17 – 25 

Al2O3(Alumina) 3- 8 

Fe2O3 (Iron Oxide) 0.5 – 6 

MgO (Magnesia) 0.1 – 4 

Alkalies 0.4 - 1.3 

Sulphur 1 – 3 

(Reference: Book concrete technology M.S Shetty ) 

 
AGGREGATES: 

Aggregate properties greatly influence the behavior of 

concrete, since they occupy about 80% of the total 

volume of concrete. The aggregate are classified as 

Fine aggregates 

Fine aggregate are material passing through an IS sieve 

that is less than 4.75mm gauge. Usually natural sand is 

used as a fine aggregate at places where natural sand is 

not available crushed stone is used as a fine aggregate. 

The sand used for the experimental works was locally 

procured and conformed to grading zone III. Sieve 

Analysis of the Fine Aggregate was carried out in the 

laboratory as per IS383-1970 and results are provided 

in Table .The sand was first sieved through 4.75mm 

sieve to remove any particle greater than 4.75 mm sieve 

and then was washed to remove the dust. According to 

IS 383:1970 the fine aggregate is being classified in to 

four different zone, that is Zone-I, Zone-II, Zone-III, 

Zone-IV. 

Coarse aggregates 

The materials which are retained on a 4.75mm sieve are 

called coarse aggregate. Coarse aggregate forms the 

main matrix of the concrete. The nature of work decides 

the maximum size of the coarse aggregate. Locally 

available coarse aggregate having the maximum size of 

20 mm was used in the present work. 

Sieve analysis of coarse aggregates used was carried out 

and results are provided in table. 

 

WATER: 

Water is an important ingredient of concrete as it 

actively participates in the chemical reaction with 

cement. Since it helps to form the strength giving 

cement gel, the quantity and quality of water is required 

to be looked into very carefully. Potable water is 
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generally considered satisfactory. In the present 

investigation, tap water was used for both mixing and 

curing purposes. 

 

CARBON FIBERS: 

Carbon fiber was first used to reinforce concrete in the 

1960s. Carbon is a synthetic hydrocarbon polymer, the 

carbon fiber of which is made using extrusion processes 

by hot- drawing the material through a die. Carbon 

carbon fibers are produced as continuous mono- 

filaments, with circular cross section that can be 

chopped to required lengths, or fibrillated films or tapes 

of rectangular cross section. 

 

Carbon carbon fibers are hydrophobic and therefore 

have the disadvantages of poor bond characteristics 

with cement matrix, a low melting point, high 

combustibility and a relatively low modulus of 

elasticity. Long carbon carbon fibers can prove difficult 

to mix due to their flexibility and tendency to wrap 

around the leading edges of mixer blades. Carbon 

carbon fibers are tough but have low tensile strength 

and modulus of elasticity; they have a plastic stress- 

straincharacteristic. Monofilament carbon carbon fibers 

have inherent weak bond with the cement matrix 

because of their relatively small specific surface area. 

Fibrillated carbon carbon fibers are slit and expanded 

into an open network thus offering a larger specific 

surface area with improvedbond characteristics. 

 

Carbon fiber contents of up to 12% by volume are 

claimed to have been used successfully with hand- 

packing fabrication techniques, but volumes of 0,1% of 

50-mm carbon fiber in concrete have been reported to 

have caused a slump loss of 75 mm. Carbon fibers have 

been reported to reduce unrestrained plastic and drying 

shrinkage of concrete at carbon fiber contents of 0,1 to 

0,3% by volume. 

 

Carbon fibers the most popular of the synthetics are 

chemically inert, hydrophobic, and lightweight. They 

are produced as continuous cylindrical monofilaments 

that can be chopped to specified lengths or cut as films 

and tapes and formed into fine fibrils of rectangular 

cross section .Used at a rate of at least 0.1 percent by 

volume of concrete, carbon carbon fibers reduce plastic 

shrinkage cracking and subsidence cracking over steel 

reinforcement. The presence of carbon fibers in 

concrete may reduce settlement of aggregate particles, 

thus reducing capillary bleed channels. 

 

Carbon carbon fibers can help reduce spalling of high 

strength, low-permeability concrete exposed to fire in a 

moist condition. 

 
New developments show that monofilament carbon 

fibers are able to fibrillate during mixing if produced 

with both, carbon and polyethylene resins. The two 

polymers are incompatible and tend to separate when 

manipulated. Therefore, during the mixing process each 

fiber turns into a unit with several fibrils at its end. The 

fibrils provide better mechanical bonding than 

conventional monofilaments. 

 

The high number of fine fibrils also reduces plastic 

shrinkage cracking and may increase the ductility and 

toughness of the concrete .Improve mix cohesion, 

improving pumpability over long distances. 
 

Figure 1-Image of Carbon Fibre Fabric 
 

Advantages of using carbon fibers 

• Carbon carbon fibers inhibits micro- cracking, 

bleeding and increase cement hydration in fresh 

concrete, thereby reducing surface permeability, 

dusting and wear. 

• They distribute localised stresses, thereby reducing 

damage from impact, flexural fatigue, spalling and 

cracking in hardened concrete. 

• They help in reducing maintenance and repair costs. 

• They provide a tough and durable surface. 

• They help in saving time due to speed and 

convenience of concrete placing andflexibility. 

• They can help in achieving a cost saving of over 50 

percent in screeds and overlays in comparison to 

crack-control steel wire fabric. 

• Improve freeze-thaw resistance. 

• Improve resistance to explosive spalling in case of a 

severe fire. 

• Improve impact resistance. 

• Increase resistance to plastic shrinkage during 

curing. 

• Higher productivity due to lower curing time 

required in curing pond. 
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• Reduced breakages during production, transit and 

placement, especially edges andcorners. 

 

MATERIAL PROPERTIES 

As per manufacturers manual 

Super Plasticizer: 
In this investigation super plasticizer- CONPLAST-SP 

430 was used. It confirms to IS: 9103- 1999. The 

properties of super plasticizer are shown below: 

 
Table 2: Properties of super plasticizer 

 

Specific Gravity 1.220 – 1.225 

Chloride content NIL 

Air entrainment approximately 1% 

additional air is 

entrained 

*As per manufacturers manual 

 

 

Cement : 

Ordinary Portland Cement of Ultra tech brand of 53 

grade confirming to IS: 12269-1987 was used in the 

present study. The properties of cement are shown 

below: 

Coarse Aggregate: 

Crushed aggregate confirming to IS: 383-1987 was 

used. 

 

Table: 3 Physical properties of cement 

Properties Values 

Specific gravity 3.15 

Normal consistency 29% 

Initial setting 169 mins 

Fineness 6% 

*As per manufacturers manual 

 

Fine Aggregate: 

Natural sand as per IS: 383-1987 was used. The 

properties are: 
 

Table: 4 Physical properties of fine aggregates 

 
Characteristics Value 

Type Natural 

sand 

Specific gravity 2.50 

Fineness modulus 2.76 

Grading zone I 

 

 

 

 

 

 

 

 

 
Table: 5 Properties of coarse aggregates 

 

Characteristics Value 

Type Crushed 

Specific gravity 2.78 

Maximum size 20mm 

*As per manufacturers manual 

 

Components 

 

Value 

Chemical Properties % 

SiO2 90 – 96 

Al2O3 0.5 – 0.8 

MgO 0.2 – 1.5 

Fe2O3 0.2 – 0.8 

CaO 0.1 – 0.5 

Na2O 0.2 – 0.7 

K2O 0.4 – 1.0 

C 0.5 – 1.4 

S 0.1 – 0.4 

Loss of Ignition 0.7 – 2.5 

Physical Properties 

Specific gravity 2.2 

Surface area (m2/Kg) 20,000 

Size (Micron) 0.1 

Bulk Density (Kg/m3) 576 

 

Suraj Punj Journal For Multidisciplinary Research

Volume 11, Issue 8, 2021

ISSN NO: 2394-2886

Page No: 127



 
Carbon fiber: 

Carbon carbon fiber (CTP 2024) is a type of carbon 

fiber developed after vast research in the area. Carbon 

carbon fibers of 6mm, 12mm, 18mm, and 24mm are 

available. Carbon fibers of length 12mm and aspect 

ratio 340 was used for the experimental work here. 

 

Table: 6 Specifications of the carbon fiber 

Cement material OPC (53 

e) 
 

 

 

 

 

 

 

 

= 2.78 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

*Reference: ( literature provided with the carbon 

fiber) 

 
 

8 EXPERIMENTAL PROGRAMMES 

Mix design 

1 The first objective is to achieve the stipulated 

minimum strength. 

2 The second objective is to make the concrete in the 

most economical Manner. Cost wise all concrete’s 

depends primarily on two factors, namely cost of 

material and cost of labor. Labor cost, by way of 

formwork, batching, mixing, transporting and curing 

is namely same for good concrete. 

 

DESIGN STIPULATIONS: M 35 

For M25 grade of concrete characteristic 
 

Strength at 28 days = 25 Mpa 

Maximum nominal size of = 20mm 

aggregate   

Compaction factor = 0.83 

Degree of quality control = Good 

Type of exposure 

 
TEST DATA’S 

= Extreme 

 

 

 

 

 

 

Table 7: Correction table 

 
 

Adjustments 
Water 

content 

% of sand in total 

aggregate 

For sand 

confirming to 

grading Zone II 

 
0 

 
0 

Increase or 

decrease of C.F 

by 0.1 

 

3% 

 

0 

For increase in 

W/C of 0.01 
0 0.2% 

 

Total 
3% 0.2% 

 

From corrections, 

Cross section Triangular 

Carbon fiber length 12mm 

Dispersion Excellent 

Specific gravity 0.91 

Color Variant 

Melt point 160◦c 

Filament diameter (25- 45) microns 

Alkali resistance Very good 

U V stability Good – very good 

Electrical conductivity Good 

 

Type of cement = grad 

Specific gravity of cement = 3.15 

Fine aggregate 

Specific gravity 

 

= 

 

2.50 

Fineness modulus = 2.76 

Coarse aggregate 
  

 
Specific gravity 

 

MIX DESIGN 

 

1. Target mean strength 

of concrete 

Fck=fck+1.65s 

=25+1.65*4 

= 31.62 

N/mm2 

2.Water/cement ratio 
  

W/c ratio for compressive = 0.34 

strength consideration   

(as per IS:10262:1982)   

W/c ratio for Durability = 0.47 

consideration   

(as per IS:456:2000)   

Hence, take lesser W/c of = 0.34 

above   

3. Selection of water and   

sand content   

Aggregate size = 20mm 

Water content/m3 = 180 Kg 
Sand content = 25% 
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The required sand content as 

% of total aggregate 

= 
by absolute volume 

The required water content = 

 
1. Determination of cement 

content 

 

 

 

 

 

25.2% 

 
169 lit 

carbon fiber sheet wrap around to cubes, cylinders and 

prisms of size 150mmx150mmx150mm, 150 mm 

diameter and 300 mm height and 750mmx 750mm x 

150mm were casted. And these specimens were tested 

for compression, split tensile strength and flexural 

strength. The percentage of carbon fiber which gave 

maximum strength values was taken as the optimum 

dosage of carbon fiber and this percentage was used for 

the further study. 
 

TESTS ON CEMENT 

Cement = (Water / (W/c)) = 

169 / 0.34 

As per IS:456 Table 5 

Minimum cement content 

= 
546 Kg/m3 

= 
360 Kg/m3 

To know the tensile and flexural strength the following 

tests were conducted. 

• Consistency 

Hence take cement content = 
546 Kg/m3 

2. Fine aggregate 

V= [ Ww + (Wc/Sc)+(1/p) 

{Wfa/Sfa}]1/1000 

0.98 = 

[185.4+(515/3.15)+(1/0.252) 

*(Wfa/63)]/1000 

Fine aggregate = 842 Kg/m3 

 
3. Coarse aggregate 

• Compressive strength 

Consistency is defined as the amount of water to be 

added to the cement to get a paste ofa certain standard 

solidity. It is also defined as the amount of water which 

will permit a vicat’s plunger having 10mm diameter 

and 50mm diameter to penetrate to depth of 5-7 mm 

from the base of the apparatus. Consistency of cement 

depends on its type and fineness.The quantity of water 

was determined from the formula [(P/4) + 3] % of 

binder where ‘P’ is the normal consistency. Ordinary 

Portland cement and sand confirming to grading zone II 

was used. Then compression test was conducted of 

mortars in Compression testing machine 
 

Ca = ((1-P)/P) x (Fa) x 

(Sca/Sfa)Coarse aggregate 

 

 
= 1088.33 

Kg/m3 

TESTS ON FRESH CONCRETE 

• Slump Test 

• Compaction Factor Test 

• Marsh Cone Test 
 

 
MIX PROPORTION FOR M25 GRADE 

CONCRETE 

 

Table 8: Mix proportion for M25 

 

Water Cement 
Fine 

aggregate 

Coarse 

aggregate 

185.4 

Kg/m3 

546 

Kg/m3 

842 

Kg/m3 

1088.33 

Kg/m3 

0.34 1 1 2 

 

9. OUTLINE OF THE PRESENT WORK 

In the present investigation an effort was made to 

study the influence of carbon fibers and on strength 

and durability parameters of concrete.Carbon carbon 

fiber which is a synthetic carbon fiber is used for the 

production of carbon fiber reinforced concrete. At first, 

TESTS ON HARDENED CONCRETE: 

• Compressive strength 

• Split tensile strength 

• Flexural strength test 

• Modulus of Elasticity 

• Poisson’s Ratio 

 
DURABILITY TESTS 

• Acid attack 

• Sulphate attack 

• Water absorption and porosity 

• Initial Surface Absorption Test 

• Thermo Shock 

 
10. TESTS RESULTS AND DISCUSSIONS 

TESTS ON HARDENED CONCRETE 

Test results for Optimum dosage of carbon fibers. 

Table: 9 Optimum Dosage of carbon fiber: 
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Tensile strength results: 

 
Table: 10 Tensile strength of cubes: 

 

 

Parameters 

TENSILE 

STRENG 
HT 

BREAK 

LOAD 

OPC 475 19.69 

OPC+SINGLE 
LAYER 

290 18.29 

OPC+DOUBLE 
CARBON FIBER 

180 11.29 

COMPARISON 108 9.23 

 
10. DISCUSSIONS 

 

The action of acids on concrete is the conversion of 

calcium compounds into calcium salts of the 

attacking acid. These reactions destroy the concrete 

structure. The mix with carbon fiber shows 

maximum durability to acid and sulphate attack. 

Saturated water absorption and porosity is the 

measure of volume of pores in hardened concrete. 

Saturated water absorption and porosity is 

minimum in combination with both carbon fiber 

Hence it is found to have better durability compared 

to other combinations. In case of initial surface 

absorption test the mix only showed least water 

permeability. The combination with carbon fiber 

obtained highest compressive strength values at 

higher temperatures proving to have enhanced 

durability under thermo shock. 

 

11. CONCLUSIONS 

 

i. The thesis work were performed based on the 

literature survey because while doing the 

survey of the research paper we get the 

information about the increasing demands of 

carbon fiber reinforced epoxy resins composites 

in automobile industries, aircrafts industries and 

sports good. 

 

 

 

 

 

 

 

 

 
 

 
 

 

Carb 

on 

fiber 

(%) 

Compressive 

Strength 

(N/mm2) 

Split 

Tensile 

strength 

(N/mm2) 

Flexural 

Strength 

(N/mm2) 

0.2 25.77 1.71 3.37 

0.4 26.66 1.82 4.24 

0.6 29.23 2.65 4.43 

0.8 29.75 1.78 3.56 

i. The hand lay-up process was use in my 

research work which contain four steps to make 

a composites, first make a wooden mould then 

use the technique which can be easily make a 

composites which required a time for sample to 

preparation and finishing the sample according 

to the need. 

ii. The specimen were made based on the 

orientation of the fiber and the ratio of fiber and 

matrix. 

iii. Two different test were done on the UTM that 

is tensile test and flexural test and the 

mechanical properties of both the testing were 

shown through this test. 

iv. Tensile test shows the strength of the 

composites were going to decrease as the 

orientation of the fiber increased because the 

loading orientation was same but the fiber 

orientation were going to change. 

v. In case of flexural test results show the 

orientation of the fiber having 30° shows good 

strength as compared to other orientation of 

other the composites. 

vi. By tensile testing of the results the orientation 

of the 0° double layer carbon fiber were 

preferred because of the good tensile strength 

and young’ modulus of the composite. 

 

By flexural testing of the results the orientation of 

the 30° double layer of carbon fiber were preferred 

because of the good flexural strength and young’s 

modulus of the composites 
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