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Abstract: 

Concrete is the most widely utilized “man-made” material globally for construction in 

many developing countries in all types of civil engineering works.  Also, concrete is an 

environmental - friendly material and in areas of growing environment - related 

awareness that is of prime importance. It is construction material due to its many 

advantages such as high compressive strength, availability of ingredients at reasonable 

cost, mould-ability to any shape giving aesthetic appearance and resistance to fire and 

weathering.  Concrete is a material used in civil engineering constructions, consisting of 

a hard, chemically inert particulate substance, known as an aggregate (usually made 

from different types of sand and stone), that is bonded together by cement and water..  In 

this experimental investigation cement used is Portland Pozzolanic Cement (RAASI 

GOLD’ 53 grade) Fiber reinforced concrete is a composite material essentially 

consisting of conventional concrete or mortar reinforced by randomly oriented, short 

continuous and discrete fibers of specific geometry. The fiber is a piece of reinforcing 

material usually described by aspect ratio. Aspect ratio is the ratio of length to diameter 

of fiber. The quantity of fiber is specified by volume fraction. These fibers act as crack 

arrestors, thereby increasing first crack strength and also ultimate strength.  This 

chapter tries bringing some basic information on the subject and the objective of the 

study is reported. 
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INTRODUCTION: 

Concrete is a material composed of cement, coarse aggregates, fine aggregates and 

water. This concrete is called as conventional concrete. The cost of this  conventional 

concrete is high when comapred with this replaced concrete. There are different types of 

cements which are in use thet are the high alkali cement, low heat cement, quicksetting 

cement etc., they are used basesd on the purpose of construction. Based on the amount of 

cement and other materials the strength of concrete will be varied. And all these raw 

materials are added in proportions for giving the strength the proportioning of different 
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materials of concrete is called as mix design. In this present study M25 grade cocncrete 

is used. Thre are different types of concretes they are the high density concrete, light 

weight concrete, aerated concrete, mass concrete, glass reinforced concrete, fiber 

reinforced concrete, polymer concrete etc., all these concretes are used based upon the 

type of construction. 

 

2. REVIEW OF LITERATURE  : 

The art and science of construction developed through the pre-historic ages itself. The 

unending quest for the better building materials and better construction practices lead to 

the discovery of many building composite. History envisages Romans as the first to 

recognize the pozzolanic action of certain volcanic ashes. The modern recognition of ash 

materials as a pozzolana and using various types of fibers in concrete had lead to 

revolutionary developments in the construction industry and research.   

 

3.METHODOLOGY: 

All the materials used in this study are abun dantly available and cheap and these 

materials give long term strength to concrete. Coconut coir resiststhe alakali nature of 

cement and surkhiand PPC gives long term strength to cocncrete and reduces the heat of 

hydration of cement in concrete. Coocnut shells used in this concrete produces high bulk 

volume and light in weight structures can be developed but the water absorption for 

cocnut shells is high whe compared with general aggregates.  

 

4. EXPERIMENTAL STUDY: 

There are different tests which are conducted on the materials used for making of 

concrete. They are the fineness modulus test for OPC, PPC, coarse aggregate, 

sand,surkhi, coconut shells. Specific gravity tests for OPC, PPC, coarse aggregate, 

sand,surkhi, coconut shells water absorption test for coarse aggregate, coconut shells and 

bulking test for  sand, surkhi, normal consistency test, initial and final setting time tests 

for OPC, PPC. 

4.1 Table-1 Tests For Basic Materials 

Fiber 
Specific 

gravity 

Young’s 

Modulus 

KN/mm2 

Tensile 

Strength 

KN/mm2 

Elongation 

Break (%) 

Acrylic 1.1 2.1 0.2 to 0.4 25 to 45 

Asbestos 3.2 8 to 14 0.56 to 0.99 0.6 

Glass 2.6 70 to 80 2 to 4 2 to 3.5 

Polypropylene 0.91 6 to 7 0.5 to 0.7 20 

Polycrystalline Alumina 3.9 245 0.65 …….. 

Polyethylene 0.95 0.15 to 0.4 0.7 10 

Rayon 1.5 7 to 8 0.4 to 0.6 10 to 25 
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Steel 7.84 200 1 to 3 3 to 4 

Sisal 1.5 ……. 0.8 3 

Nylon 1.1 4.2 0.78 to 0.85 16 0 0 

 

4.2 MIX DESIGN: 

DESIGN OFMIX FOR M25 GRADECONCRETE: 

4.2.1. GENERAL 

The grade of cement taken in this study as 53 grade and the grade of PPC was 43. And 

the mix implemented is M30. This mix is selected based on the strength criteria and 

taken for severe environmental condition.The proportions of cement, coarse aggregate 

and fine aggregate are calculated by using the IS codes and the equations for calculations 

are taken from IS:10262-2009 and those equations areas  given below. The proportions 

which are obtained during mix design are strictly implemented throughout the study. 

Concrete cubes and cylinders are casted and are cured for 56 days and are kept in sun a 

day before testing. And the cubes are tested for compressive strength and split tensile 

strength at 3, 7,14, 28, 56 days respectively for the mix proportions. And slump cone test 

is also conducted for every mix in order to check the workability of concrete. 

4.4.2. MIX DESIGN- M25 CONCRETE:  

Concrete mix design: - 

3.1.1 Mix design for M25 Grade: - 

 

(a). Design specification: -    

 

Charateristic compressive strength M25  grade at 28 days (fck )  = 25 N/mm2 

Maximum size of aggregate (Angular)    = 20mm  

Degree of workability in terms of slump           = 50 to 75 mm   

(Compaction Factor) 

Degree of quality control (assumed)           = Good 

Assumed type of exposer            = Moderate 

 

(b). Test data of materials: -  

53 grade Cement used ( RASI GOLD )         = PPC   

Specific gravity of  cement           = 3.15 

Specific gravity of C.A            = 2.68 

Specific gravity of F.A (Zone-II)         = 2.55   

 

(c). Target mean strength of concrete: - 

Standard deviation for M25 grade and good degree of control(S)  = 5.3 

Target average compressive strength at 28 days  

Fck = fck + t  X S 

 = 25 + 1.65 X 5.3 

 = 33.745 N/mm2 
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(d). Selection of water cement ratio: - 

 

From the graph given is IS: 10262:1982 corresponding to target strength  

(fck) and curve we have  

(i) water cement ratio = 0.50  

(ii) Estimation of air content: -  

For 20 mm size coarse aggregate percentage of entrapped air = 2.0% 

(e). Selection of water content and fine to total aggregate ratio:-- 

(Table-4 of IS:10262-1982)  

For 20 mm size of aggregate water content per m3 of concrete = 186 Kg.  

Percentage of sand          = 35%  

(f). Adjustment of values in water content and sand percentage of other conditions: 

 

For sand confinming to zone II percentage of reduction of sand  = 0  

Sand percentage         = 35% 

Increase in water content for increase in value of compaction factor by 0.1 

Required water content     = 186 +186X(1.5/100) 

       = 188.79 Kg. (Or) 189 Kg. 

(g). Calculation of cement content 

 

Water cement ratio       = 0.50  

Water                    = 189 Kg. 

Cement content       = 189/0.5 = 378 Kg. > 300 

Kg. 

 

(h). Adopting the equation from I.S : 10262-1982 for Calculation of aggregates 

  

   V  =  [w + 
𝐶

𝑆𝑐
 + 

1

𝑃
 X 

𝐹𝑆

 𝑆𝐹𝑎
] X

1

  1000
 

 

Where,  

 

V = Absolute volume of fresh concrete, which is equal to gross volume minus the 

volume of entrapped air = 0.98 

W   = Mass of water (Kg) per cubic meter of conrete  = 189 Kgs.   

C  = Mass of cement(Kg) per cubic meter of concrete  = 378 Kgs. 

P  = Ratio of F.A (Kg) per cubic meter of concrete   = 0.335 

Sc     = Specific gravity of cement                 = 3.15 

Sfa   = Specific gravity of fine agregate         = 2.55 

Sca   = Specific gravity of course agregate    = 2.68   

Fs      = Total mass of F.A(Kg) per cubic meter of concrete 

Ca     = Total mass of C.A(Kg) per cubic meter of concrete 
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Weight of fine aggregate       = V  =  [w + 
𝐶

𝑆𝑐
 + 

1

𝑃
 X 

𝐹𝑆

 𝑆𝐹𝑎
] X

1

  1000
    

Fa     = 573.04 Kg (Or) 573 Kg   

 

Weight of course aggregate   = V = ⌊𝑊 +
𝐶

𝑠𝑐
 +  

1

1−𝑝
 𝑋 

𝐶𝑎

𝑠𝑐𝑎 
 ⌋ X  

1

1000
 

Ca      = 1195.72 Kg (Or) 1196 Kg. 

The quantity of cement for the above grades to obtain one cum of compacted concrete 

has shown in the following table. 

 

4.2 Quantities of Materials Used For Nominal Mixes: - 

 

Water Cement Fine aggregates Fa Coarse aggregates Ca 

189 378 573 1196 

0.5 1 1.52 3.16 

 

4.3. Quantities of fibers for 0.5% total fiber content (steel fibers &glass fibers) for 

concrete cubes: -                     

 

Total quantities of materials used for for 1 cum of concrete   : 378 + 573 + 1196 

          :  2147 Kg.   

Fibers quantity for 0.5% total fiber content: 2147 X 0.50/100 :  10.735 kg. 

Total no. of cubes to be casted     :  6 Nos.   

Concrete quantity for 6 cubes :  0.15 X 0.15 X 0.15 X 6 :  0.020 cum. 

Quantity of fibers for 6 concrete cubes:  0.020 X 10.735 :  0.217 Kg.   

 

Glass Fiber Weight (Kgs) Steel Fiber Weight (Kgs) 

0% 0 100% 0.217 

25% 0.054 75% 0.163 

50% 0.1085 50% 0.1085 

75% 0.163 25% 0.054 

100% 0.217 0% 0 

 

4.4. Quantities of fibers for 0.5% total fiber content (steel fibers & glass fibers) for 

concrete cylinders: - 

 

Total quantities of materials for 1 cum of concrete    : 378 + 573 + 1196 

          : 2147 Kg.   

Fibers quantity for 0.5% total fiber content: 2147 X 0.50/100 :  10.735 kg. 

Total no. of cylinders to be casted     :  6 Nos.   

Concrete quantity for 6 cylinders: (22/7) X 0.152 /4 X 0.30 X 6 :  0.032 cum. 

Quantity of fibers for 6 concrete cylinders:  0.032 X 10.735 :  0.344 Kg.   
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Glass Fiber Weight (kgs) Steel Fiber Weight (kgs) 

0% 0 100% 0.344 

25% 0.086 75% 0.258 

50% 0.172 50% 0.172 

75% 0.258 25% 0.086 

100% 0.344 0% 0 

 

4.5. Quantities of fibers for 0.75 % total fiber content (steel fibers & glass fibers) for 

concrete cubes: -                    

 

Total quantities of materials used for for 1 cum of concrete   : 378 + 573 + 1196 

          : 2147 Kg.   

Fibers quantity for 0.75% total fiber content: 2147 X 0.75/100 :  16.103 kg. 

Total no. of cubes to be casted     :  6 Nos.   

Concrete quantity for 6 cubes :  0.15 X 0.15 X 0.15 X 6             :  0.020 cum. 

Quantity of fibers for 6 concrete cubes:  0.020 X 16.103  :  0.322 Kg.   

 

 

Glass Fiber Weight (Kgs) Steel Fiber Weight (Kgs) 

0% 0 100% 0.322 

25% 0.081 75% 0.241 

50% 0.161 50% 0.161 

75% 0.241 25% 0.081 

100% 0.322 0% 0 

 

 

4.6: Quantities of fibers for 0.75% total fiber content (steel fibers & glass fibers) for 

concrete cylinders: - 

 

Total quantities of materials for for 1 cum of concrete    : 378 + 573 + 1196 

                     : 2147 Kg.   

Fibers quantity for 0.75% total fiber content: 2147 X 0.75/100 :  16.103 kg. 

Total no. of cylinders to be casted     :  6 Nos.   

Concrete quantity for 6 cylinders: (22/7) X 0.152 /4 X 0.30 X 6 :  0.032 cum. 

Quantity of fibers for 6 concrete cylinders:  0.032 X 16.103 :  0.515 Kg.   
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Glass Fiber Weight (kgs) Steel Fiber Weight (kgs) 

0% 0 100% 0.515 

25% 0.129 75% 0.386 

50% 0.2575 50% 0.2575 

75% 0.386 25% 0.129 

100% 0.515 0% 0 

 

4.7. Quantities of fibers for 1.00% total fibers content (steel fibers & glass fibers) for 

concrete cubes: -                      

 

Total quantities of materials used for for 1 cum of concrete   : 378 + 573 + 1196 

                     : 2147 Kg.   

Fibers quantity for 1.00% total fiber content: 2147 X 1.00/100 :  21.470 kg. 

Total no. of cubes to be casted     :  6 Nos.   

Concrete quantity for 6 cubes :  0.15 X 0.15 X 0.15 X 6 :  0.020 cum. 

Quantity of fibers for 6 concrete cubes:  0.020 X 21.470  :  0.429 Kg.   

 

Glass Fiber Weight (Kgs) Steel Fiber Weight (Kgs) 

0% 0 100% 0.429 

25% 0.107 75% 0.322 

50% 0.2145 50% 0.2145 

75% 0.322 25% 0.107 

100% 0.429 0% 0 

 

 

4.8. Quantities of fibers for 1.00% total fibers content (steel fibers & glass fibers) for 

concrete cylinders: - 

 

Total quantities of materials for for 1 cum of concrete    : 378 + 573 + 1196 

                                :  2147 Kg.   

Fibers quantity for 1.00% total fiber content: 2147 X 1.00/100 :  21.470 kg. 

Total no. of cylinders to be casted     :  6 Nos.   

Concrete quantity for 6 cylinders: (22/7) X 0.152 /4 X 0.30 X 6 :  0.032 cum. 

Quantity of fibers for 6 concrete cylinders:  0.032 X 21.470 :  0.515 Kg.  
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Glass Fiber Weight (kgs) Steel Fiber Weight (kgs) 

0% 0 100% 0.687 

25% 0.172 75% 0.515 

50% 0.3435 50% 0.3435 

75% 0.515 25% 0.172 

100% 0.687 0% 0 

  

4.9. Water Cement Ratio: - 

 

Water cement ratio has been fixed depending on the compacting factor test the 

workability tests are carried out by tallying different water cement ratios to find-out the 

compacting factor as moderate, w/c ratio is maintained as 0.5 in this investigation.   

 

5. RESULTS AND DISCUSSIONS: 
 

There are number of tests conducted on concrete before and after the castinf of  cubes,  

casted by using conventional cocncrete and replacement concrete, they are the slump 

cone test which is conducted to test the workability of  fresh concrete and compressive 

tests and split tensile test are conducted after concrete. 

 

5.1Compressive Strength: - 

 

Percentages of fibers in 

concrete specimens 

For 0.50% total 

fiber content 

Compressive 

Strength in 

N/mm2 

For 0.75% total 

fiber content 

Compressive 

Strength in 

N/mm2 

For 1.00% total 

fiber content 

Compressive 

Strength in 

N/mm2 

Glass Fiber 

% 

Steel Fiber 

% 

1 2 3 4 5 

0 100 52.44 53.78 56.44 

25 75 51.56 52.89 54.67 

50 50 47.11 49.33 51.11 

75 25 43.56 44.44 47.11 

100 0 41.33 43.11 44.89 

Conventional Concrete 38.22 38.22 38.22 

 

The cube compressive strength results obtained at the age of 28 days are 

presented in the above table for 0%, 0.5%, 0.75% and 1.00% total fiber content. The 

glass fiber content is varied from 0% to 100% in the above table and the results 

compared with that of plain concrete specimens. Likewise, the results of 0.75% total 
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fiber content and the results for 1% total fiber content are compared with that of plain 

concrete specimens.  

Hence the results presented in the above table shows the variation of compressive 

strength at the end of 28 days with various percentages of glass fibers of 0%, 25%, 50%, 

100% by volume used as replacement of steel fiber in total fiber content of 0%,0.5%, 

0.75% and 1.0% by volume, 

5.2 Split Tensile Strength: -  

 

Percentages of fibers in 

concrete specimens 
For 0.50% total 

fiber content Split 

Tensile Strength 

in N/mm2 

For 0.75% total 

fiber content 

Split Tensile 

Strength in 

N/mm2 

For 1.00% total 

fiber content 

Split Tensile 

Strength in 

N/mm2 

Glass Fiber 

% 

Steel Fiber 

% 

2 3 4 5 6 

0 100 4.53 4.81 5.09 

25 75 4.31 4.53 4.88 

50 50 4.17 4.38 4.67 

75 25 3.89 4.17 4.31 

100 0 3.68 3.89 3.96 

Conventional Concrete 3.54 3.54 3.54 

 

Similarly the split tensile strength test results are presented in the above table for 

0%, 0.5%, 0.75%, 1.0% total fiber content. The glass fiber content is varied from 0% to 

100% in the above table. The variation of split tensile strength at the end of 28 days with 

various percentage of glass fibers of 0%, 0.5%, 0.75%, 1.0% is also shown in the above 

table.  

5.3 Cracking Characteristics: - 

 

Typical failed specimens of cube & cylinder. It is observed that failure has taken 

place gradually with the formation of cracks. In the case of plain concrete specimens the 

failure is sudden and brittle. Hence it is established that the presence of fibers in the 

matrix has contributed towards arresting sudden crack formation. Even during failure, 

the specimens have not been splintered as in the case of plain concrete specimens. This is 

true with the presence of steel or glass fiber. It may also be noted that the increase in 

glass fiber content though caused reduction in the strength but has contributed towards 

arresting the crack formation.  

 

5.4 Ductility Characteristics: -   

 

Beam specimens of Nominal M25 mix with various percentages of fibers have 

been tested for flexural strength under two point loading as per the standard 

specifications. The procedure followed and the values obtained have already been 

discussed.  
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The flexural specimens tested have exhibited ductility characteristics.  At the 

failure load a diagonal crack has appeared in between the loading points and the 

specimen have not failed suddenly. The failure is not brittle and is entirely different from 

that of plain concrete, where failure is brittle. The ductility characteristics exhibited by 

the specimens are due to the introduction of fiber in the mix.  

This shows that in general introduction of fibers in specimens exhibits the 

improved ductility. The crack pattern of beams is presented in Fig. All the beams failed 

about skew axis showing typical skew bending failure. The increase in glass fiber 

content has caused reduction in the strength compared to steel fibers. But with the glass 

fiber in the matrix the ductility is very much increased.  

 

6. CONCLUSIONS: 
On the basis of experimental studies carried out and the analysis of test results, the 

following conclusions are drawn.  

 The structural integrity of the tested concrete specimens is found to be good 

under loading. 

 With the above test results, the concrete mixed with dual fibers can be 

recommended for earthquake resistance structures. 

 In addition to the fibrous contents, some of the admixtures/plasticizer can be 

mixed to enhance some of the strength properties of concrete satisfactorily.  

 It can be concluded that the concrete mixed with dual fiber would also have 

much more life in comparison with the conventional concrete. 

 The fibrous concrete is found to have maximum ultimate load carrying 

capacity as conventional concrete. 

 The fibrous concrete is stiffer than the conventional concrete in appreciable 

way. 

 For the nominal M25 mix with a water cement ratio of 0.5 used in the present 

investigation, the workability of concrete is only marginally       affected even 

with a total fiber content of 1.0 percent by volume.  

 The compressive strength of dual fiber concrete is found to be maximum at 

1.0% total fiber content of steel at 28 days compared to plain concrete. Also, 

with a total of 1.0 % glass fiber by volume the increase of compressive 

strength at 28 days compared to plain concrete.  

 There is substantial increase in the compressive strength for mixed fiber 

combination.  

 As the percentage of steel fiber is reduced and glass fiber is increased, the 

compressive strength is getting reduced compared to that of 100% steel fiber 

in the matrix.  

 Steel fiber of 1 mm diameter and length of 50 mm having an aspect ratio of 

50 can be satisfactorily mixed along with glass fiber having an aspect ratio of 

nearly 800 to increase the strength and other characteristics.  

 The split tensile strength of dual fiber concrete is found to be maximum at 1.0 

% total steel fiber content at 28 days compared to plain cement concrete. 
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Also, with a total of 1.0 % glass fiber by volume the increase of split tensile 

strength in 28 Days compared to plain cement concrete.  

 As the percentage of steel fiber is reduced and glass fiber is increase, the split 

tensile strength is getting reduced compared to that of 100 % steel fiber in the 

matrix.  

 Cracks can be controlled by introducing glass fibers. Cracks have occurred 

and propagated gradually till the final failure. This phenomenon is true with 

all the percentages of glass fiber. Glass fiber also helps in controlling the 

shrinkage cracks.  

 Compared to metallic fibers likes’ steel, alkali resistant glass fiber gives 

corrosion free concrete.  

 The crack widths in the mixed fibrous concrete are less. 

 The mixed fibrous concrete has adequate code prescribes ductility. 

 The present experimental investigation has been taken up with a view to open 

new paths and vistas for the use of dual fiber reinforced concrete for 

structural applications and the results are encouraging.    
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