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Abstract 

 

The objective of this thesis is to use coconut fibers as admixture and fly ash as a partial replacement of cement in M20 grade 

concrete. The compressive strength, split tensile strength and flexure strength of concrete at the age of 7, 14, 28, 56 and 90 days 

in normal water and sea water are tested and the comparison of strength of concrete cured in normal water and sea water are 

made. Based on the results there is an increase in compressive strength, flexural strength and split tensile strength of concrete is 

observed on 30% fly ash as a replacement and 5% coconut fibers as an admixture in cement when the specimens are cured in 

normal water. The compressive, flexural, split tensile strengths of concrete are tend to decrease which are cured in sea water 

when compared to the specimens cured in normal water. 

Keywords: Fly Ash, Coconut Fibres, Seawater 

_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Concrete is the most commonly used construction material, which can be used in construction to have a better strength, tougher 

flexural structure, better workability and durability. Concrete is one of most extensively used construction materials in the world 

with two billion tons placed worldwide each year. It is attractive in many applications because it offers considerable strength at a 

relatively low cost. Concrete can generally be produced of locally available constituents and can be cast into a wide variety of 

structural configurations and requires minimum maintenance during service. However, as far as environmental concerns 

stemming from the high energy expense and CO2 emission associated with cement manufacture have brought about pressures to 

reduce cement consumption through the use of supplementary materials. The waste materials are fly ash, blast furnace slag, 

Coconut fibers, waste plastic bags, foundry sand and colliery sand, which are the industrial wastes posing problems in the 

disposal and being deposited near the industries in India. 

 Fly Ash 

Fly ash can be grouped under either high calcium or low calcium type depending on its CaO content. The un burnt carbon 

content in fly ash should be less than 5%. The surface area of the fly ash particles are in the range of 300-400 m2/Kg. The use of 

fly ash is recommended from point of view of its durability, economy and energy saving considerations. 

 
Fig. 1: Fly Ash 
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 Coconut Fibres 

Coconut fiber, which is an agricultural waste, is obtained from the fibrous husk (meso carp) of the coconut (cocos nucifera), 

from the coconut palm which belongs to the palm family (palmae). Large quantities of this waste, if not properly disposed, can 

lead to social & environmental problems. There is need to channel this waste product to a more profitable venture like Concrete 

technology. Use of these also helps in reducing the cost of concrete production by reducing the quantity of cement used. 

 
Fig. 2: Coconut Fibers 

 Application of Coconut Fiber 

White coir spun into yarn is used in the manufacture of rope and, thanks to its strong resistance to salt water, in fishing nets. 

Brown coir is used in sacking, brushes, doormats, rugs, mattresses, insulation panels and packaging. In Europe, the automobile 

industry upholsters cars with pads of brown coir bonded with rubber latex. 

Geotextiles made from coir mesh (at left) are durable, absorb water, resist sunlight, facilitate seed germination, and are 100% 

biodegradable. 

II. EXPERIMENTAL ANALYSIS MATERIALS USED 

 Cement 

Ordinary Portland cement is by far the most important type of cement. The OPC was classified into three Grades viz., 33 Grade, 

43 Grade and 53 Grade depending upon the strength of the cement at 28 days when tested as per IS 4031-1988. If the 28 days 

strength is not less than 33 N/mm2,it is called 33 Grade cement, if the strength is not less than 43 N/mm2, it is called 43 Grade 

cement, and if the strength is not less than 53 N/mm2, it is called 53 Grade cement. 

The manufacture of cement is decreasing all over the world in view of the popularity of blended cement on account of lower 

energy consumption, environmental pollution, economic and other technical reasons. In advanced western countries the use of 

cement has come down to about40% of the total cement production. Ordinary Portland cement available in the local market of 

standard brand was used in the investigation. Care has been taken to see that the procurement made from a single batch is stored 

in airtight containers to prevent it from being affected by the atmospheric, monsoon moisture and humidity. The cement procured 

was tested for physical requirements in accordance with IS 4032-1977. In this investigation the cement used is 53 Grade. 

 Testing for Cement 

 Initial setting time 

 Final setting time 

 Specific gravity of cement 

 Fineness 

 Strength 

 Soundness 
Table – 1(a) 

Properties of Cement 

S. No Property Test Result 

1. Normal consistency 33% 

2. 

Setting times  

Initial (Minutes) 55 

Final (Minutes) 295 

3. Specific Gravity 3.15 

4. Soundness (Le-Chatlier Exp.) 1.00mm 

5. Compressive strength of cement (28 days) 20Mpa 

6. Specific surface area 369 m2/Kg 

http://textilelearner.blogspot.com/2011/05/definition-of-geotextiles-advantages-of_3329.html


A Study on Strength of Concrete by Partial Replacement of Cement with Fly Ash (F) and Adding Admixture as Coconut Fibers  
(IJIRST/ Volume 3 / Issue 06/ 011) 

 

 
All rights reserved by www.ijirst.org 60 

Table – 1(b) 

Chemical composition Percentage of cement 

Composition Opc-53 

SiO2 21.52 

Al2O3 6.16 

Fe2O3 4.60 

CaO 63.36 

MgO 0.83 

SO3 1.87 

IR 1.30 

Loss of ignition 1.64 

 Aggregate 

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 aggregate 

 Coarse aggregate  

a) Fine Aggregate 

Fine   aggregate   are   material   passing   through   an   IS   sieve   that   is   less than 4.75mm gauge beyond   which they   are 

known   as coarse   aggregate.  Fine   aggregate   form   the   filler   matrix   between the coarse aggregate. The most important 

function of the fine aggregate is to provide workability and uniformity in the mixture. The fine aggregate also helps the cement 

paste to hold the coarse aggregate particle in suspension. 

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. The sand obtained from river beds or quarries is used as fine aggregate. Locally available river sand in dry 

condition was used for the preparation of specimens. The grading of sand conforms to zone- II .As per IS 383-1970. The specific 

gravity of sand was 2.74 

 Testing for fine aggregate 

1) Specific gravity 

2) Fineness modulus 
Table – 1(c) 

Properties of Fine Aggregate 

S. No. Property Test Result 

1. Specific Gravity 2.74 

2. Bulk density (Kg/m3) 1543(loose state) 1750(dry rodded) 

3. Fineness Modulus 2.74 

4. Zone II 

b) Coarse aggregate 

The coarse aggregate are granular materials obtained from rocks and crushed stones. Coarse aggregate form the main matrix   of   

the   concrete, in case of coarse aggregate maximum 20 mm coarse aggregate is suitable for concrete work. But where there is no 

restriction 40 mm or large size may be permitted Crushed granite aggregate conforming to IS:383-1970 was used for the 

preparation of concrete. Coarse aggregate of size 20mm, having the specific gravity of 2.78. 

 Testing for coarse aggregate 

1) Specific gravity 

2) Fineness modulus 
Table – 1(d) 

Properties of Coarse Aggregate 

S. No. Property Test Result 

1. Bulk density (Kg/m3) 1468 [loose state] 1611 [dry rodded] 

2. Specific Gravity (G) 2.78 

3. Fineness Modulus 7.17 

 Water 

Clean potable water was used for mixing concrete. Water used for mixing and curing shall be clean and free from injurious 

amounts of oils, acids, alkalis, salts, sugar, organic materials or other substances that may be deleterious to concrete and steel. 
Table – 1(e) 

Analysis of Water (Limitations As Per IS: 456-2000) 

S. No. Impurity Max. Limit Results 

1 PH Value 6 to 8.5 7 

2 Suspended matter mg/lit 2000 220 

3 Organic matter mg/lit 200 20 

4 Inorganic matter mg/lit 3000 150 

5 Sulphate (SO4) mg/lit 500 30 

6 Chlorides (Cl) mg/lit 2000 for P.C.C. 1000 for R.C.C. 60 
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 Sea Water 

Sea Water used for  curing shall be clean and free from injurious amounts of oils, acids, alkalis, salts, sugar, organic materials or 

other substances that may be deleterious to concrete and steel. 
Table – 1(f) 

Analysis of Sea Water 

S. No. Impurity Max. Limit Results 

1 PH Value 7.5 to 8.4 7.1 

2 Suspended matter mg/lit 2000 180 

3 Organic matter mg/lit 200 21 

4 Inorganic matter mg/lit 3000 195 

5 Sulphate (SO4) mg/lit 500 42 

6 Chlorides (Cl) mg/lit 2000for P.C.C. 1000for R.C.C. 74 

 Admixtures 

Concrete Admixtures –The admixtures can be broadly divided into two types: chemical admixtures and mineral admixtures 

The common chemical admixtures are as follows.  

 Air-entraining admixtures  

 Water reducing admixtures  

 Set retarding admixtures  

 Set accelerating admixtures  

The common mineral admixtures are as follows.  

 Fly ash 

 Ground granulated blast-furnace slag 

 Silica fumes 

 Rice husk ash 

 Metakaoline 

 Waste ceramic tiles powder 

 Coconut fibbers 

These are cementitious and pozzolanic materials. In this experimental study we are using mineral admixtures named Fly ash 

and Coconut fibers. 

 Conventional Concrete Mix Design Procedure (as per IS: 10262-2009) 

Table - 2(a) 

Mix Proportions by weight 

Cement   Kg Fine Aggregate Kg Coarse Aggregate Kg W/C Ratio 

412 458.27 1464.3 176.8 

1 1.11 3.55 0.43 

Table - 2(b) 

Details of different Mixes notations Fly Ash 

Mix OPC Fly Ash 

M0 100% 0% 

M1 90% 10% 

M2 80% 20% 

M3 70% 30% 

M4 60% 40% 

Table - 2(c) 

Details of Optimal Mixes notations 

Mix OPC Fly Ash Coconut Fibers 

M0 100% 0% 5% 

M1 90% 10% 5% 

M2 80% 20% 5% 

M3 70% 30% 5% 

M4 60% 40% 5% 
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Fig. 3: Compression testing with Normal Water Cube 

 
Fig. 4: Compression testing with Sea Water Cube 

III. RESULTS AND DISCUSSIONS 

 Fly Ash  

 Compressive Strength Normal Water Curing 
Table – 3(a) 

Tests Results for compressive strength 

Days 0% 10% 20% 30% 40% 

7 18.91 21.01 22.36 23.29 20.56 

14 24.12 25.96 27.01 28.46 25.04 

28 27.96 29.45 29.92 31.59 28.66 

56 31.48 32.98 33.51 35.38 32.09 

90 34.67 36.51 37.1 39.17 35.53 

 

 
Fig. 5: Tests Results for compressive strength 
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 Compressive Strength Sea Water Curing 
Table - 3(b) 

Tests Results for compressive strength 

Days 0% 10% 20% 30% 40% 

7 17.39 19.32 20.57 21.42 18.91 

14 22.19 23.88 24.84 26.18 23.03 

28 25.72 27.09 27.52 29.06 26.36 

60 28.32 29.68 30.15 31.84 28.88 

90 31.21 32.86 33.39 35.26 31.98 

 

 
Fig. 6: Tests Results for compressive strength 

 Split Tensile Strength Normal Water Curing 
Table - 3(c) 

Tests Results for Split Tensile strength 
Days 0% 10% 20% 30% 40% 

7 1.7 1.89 2.01 2.09 1.85 

14 2.17 2.36 2.43 2.56 2.25 

28 2.56 2.65 2.69 2.84 2.62 

56 2.84 2.96 3.02 3.18 2.91 

90 3.12 3.28 3.34 3.52 3.21 

 

 
Fig. 7: Tests Results for Split Tensile strength 

 Split Tensile Strength Sea Water Curing 
Table - 3(d) 

Tests Results for Split Tensile strength 
Days 0% 10% 20% 30% 40% 

7 1.28 1.45 1.53 1.65 1.33 

14 1.72 1.75 1.87 1.98 1.74 

28 1.89 1.92 2.06 2.17 1.93 

56 2.21 2.24 2.31 2.43 2.16 

90 2.35 2.47 2.56 2.69 2.41 
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Fig. 8: Tests Results for Split Tensile strength 

 Flexural Strength Normal Water Curing 
Table - 3(e) 

Tests Results for Flexural Strength 
Days 0% 10% 20% 30% 40% 

7 2.64 2.94 3.14 3.26 2.87 

14 3.37 3.63 3.78 3.98 3.51 

28 3.91 4.13 4.18 4.42 4.02 

56 4.42 4.62 4.69 4.95 4.49 

90 4.85 5.15 5.19 5.48 5.01 

 

 
Fig. 9: Tests Results for flexural strength 

 Flexural Strength Sea Water Curing 
Table - 3(f) 

Tests Results for Flexural Strength 
Days 0% 10% 20% 30% 40% 

7 2.2 2.48 2.64 2.76 2.28 

14 2.94 3.01 3.21 3.42 2.96 

28 3.24 3.42 3.54 3.74 3.32 

56 3.63 3.83 3.97 4.22 3.72 

90 4.01 4.25 4.39 4.63 4.14 
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Fig. 10: Tests Results for flexural strength 

 Coconut Fibers 

 Compressive Strength Normal Water Curing 
Table - 4(a) 

Tests Results for compressive strength 
Days 0% 1.5 2.5 5 7.5 

7 18.91 19.54 21 22.59 18.36 

14 24.12 25.01 26.23 27.46 24.59 

28 27.96 28.03 29.02 29.78 28.13 

56 31.31 31.39 32.51 33.35 31.52 

90 34.67 34.75 35.98 36.92 34.88 

 

 
Fig. 11: Tests Results for Compressive strength 

 Compressive Strength Sea Water Curing 
Table - 4(b) 

Tests Results for compressive strength 
Days 0% 1.5 2.5 5 7.5 

7 17.39 17.97 19.32 20.78 16.89 

14 22.19 23.01 24.13 25.26 22.62 

28 25.72 25.78 26.69 27.39 25.87 

60 28.32 28.25 29.25 30.01 28.35 

90 31.21 31.27 32.39 33.23 31.39 
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Fig. 12: Tests Results for Compressive strength 

 Split Tensile Strength Normal Water Curing 
Table - 4(c) 

Tests Results for Split Tensile strength 
Days 0% 1.5 2.5 5 7.5 

7 1.42 1.57 1.68 1.87 1.46 

14 1.92 2.01 2.12 2.19 1.96 

28 2.24 2.25 2.32 2.38 2.25 

56 2.51 2.56 2.67 2.67 2.52 

90 2.78 2.82 2.87 2.95 2.79 

 

 
Fig. 13: Tests Results for Split Tensile strength 

 Split Tensile Strength Sea Water Curing 
Table - 4(d) 

Tests Results for Split Tensile strength 
Days 0% 1.5 2.5 5 7.5 

7 1.1 1.18 1.23 1.42 1.08 

14 1.43 1.54 1.67 1.74 1.42 

28 1.62 1.78 1.83 1.95 1.56 

56 1.85 1.92 1.99 2.21 1.75 

90 2.09 2.11 2.24 2.65 1.94 
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Fig. 14: Tests Results for Split Tensile strength 

 Flexural Strength Normal Water Curing 
Table - 4(e) 

Tests Results for Flexural strength 
Days 0% 1.5 2.5 5 7.5 

7 2.45 2.62 2.73 2.93 2.38 

14 3.13 3.25 3.41 3.56 3.19 

28 3.64 3.73 3.81 3.94 3.65 

56 4.07 4.12 4.25 4.36 4.09 

90 4.52 4.59 4.69 4.82 4.53 

 

 
Fig. 15: Tests Results for Flexural strength 

 Flexural Strength Sea Water Curing 
Table - 4(f) 

Tests Results for Flexural strength 
Days 0% 1.5 2.5 5 7.5 

7 2.01 2.12 2.26 2.34 1.98 

14 2.71 2.79 2.87 2.96 2.64 

28 2.97 3.07 3.14 3.22 2.86 

56 3.32 3.43 3.52 3.65 3.21 

90 3.68 3.82 3.89 4.01 3.57 
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Fig. 16: Tests Results for Flexural strength 

 OPC + Fly Ash + Coconut Fibers 

 Compressive Strength Normal Water Curing 
Table - 5(a) 

Tests Results for Compressive strength 
Days 0% 10%(F)+5%(C) 20%(F)+5%(C) 30%(F)+5%(C) 40%(F)+5%(C) 

7 18.91 19.28 19.62 20.42 20.04 

14 24.12 24.61 25.08 26.04 25.56 

28 27.96 28.51 29.12 30.19 29.63 

56 31.48 32.12 32.73 33.99 33.36 

90 34.67 35.36 36.05 37.44 36.75 

 

 
Fig. 17: Tests Results for Compressive strength 

 Compressive Strength Sea Water Curing 
Table - 5(b) 

Tests Results for Compressive strength 
Days 0% 10%(F)+5%(C) 20%(F)+5%(C) 30%(F)+5%(C) 40%(F)+5%(C) 

7 17.39 17.73 18.08 18.78 18.43 

14 22.19 22.63 23.07 23.96 23.52 

28 25.92 26.23 26.95 27.99 27.47 

56 28.32 28.89 29.45 30.58 30.01 

90 31.21 31.83 32.45 33.71 33.08 
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Fig. 18: Tests Results for Compressive strength 

 Split Tensile Strength Normal Water Curing 
Table - 5(c) 

Tests Results for Split tensile strength 
Days 0% 10%(F)+5%(C) 20%(F)+5%(C) 30%(F)+5%(C) 40%(F)+5%(C) 

7 1.71 1.92 1.96 1.99 1.92 

14 2.17 2.43 2.49 2.51 2.45 

28 2.52 2.82 2.86 2.92 2.84 

56 2.84 3.18 3.24 3.29 3.21 

90 3.12 3.49 3.57 3.62 3.52 

 

 
Fig. 19: Tests Results for Split tensile strength 

 Split Tensile Strength Sea water Curing 
Table - 5(d) 

Tests Results for Split tensile strength 
Days 0% 10%(F)+5%(C) 20%(F)+5%(C) 30%(F)+5%(C) 40%(F)+5%(C) 

7 1.28 1.43 1.46 1.54 1.45 

14 1.72 1.92 1.96 2.01 1.94 

28 1.89 2.11 2.15 2.25 2.13 

56 2.18 2.44 2.48 2.73 2.46 

90 2.34 2.62 2.66 2.81 2.64 
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Fig. 20: Tests Results for Split tensile strength 

 Flexural Strength Normal Water Curing 
Table - 5(e) 

Tests Results for Flexural strength 
Days 0% 10%(F)+5%(C) 20%(F)+5%(C) 30%(F)+5%(C) 40%(F)+5%(C) 

7 2.64 3.04 3.09 3.21 3.08 

14 3.37 3.87 3.91 4.04 3.94 

28 3.91 4.49 4.53 4.67 4.57 

56 4.49 5.06 5.12 5.36 5.15 

90 4.85 5.58 5.62 5.78 5.67 

 

 
Fig. 21: Tests Results for Flexural strength 

 Flexural Strength Sea Water Curing 
Table - 5(f) 

Tests Results for Flexural strength 
Days 0% 10%(F)+5%(C) 20%(F)+5%(C) 30%(F)+5%(C) 40%(F)+5%(C) 

7 2.21 2.53 2.57 2.73 2.57 

14 2.94 3.38 3.42 3.67 3.43 

28 3.24 3.72 3.76 3.93 3.79 

56 3.67 4.17 4.22 4.52 4.24 

90 4.02 4.62 4.66 4.87 4.71 
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Fig. 22: Tests Results for Flexural strength 

IV. CONCLUSION 

1) The compressive strength, flexural strength and split tensile strength of concrete with partial replacement of cement by fly 

ash at percentages of 10%, 20%, and 30% is observed to increase at 28 days, 56 days, 90 days when compared to 

conventional concrete specimens cured in normal water and sea water, further replacement of flyash resulted in decrease of 

strength of concrete in normal and sea water. 

2) The compressive strength, flexural strength and split tensile strength of concrete with coconut fibers as a admixture in 

cement at percentages of 1.5%, 2.5%, 5.0% is observed to increase at 28 days, 56 days, 90 days when compared to 

conventional concrete specimens cured in normal water and sea water, further adding of coconut fibers resulted in decrease 

of strength of concrete in normal and sea water. 

3) The compressive strength, flexural strength and split tensile strength of concrete with partial replacement of cement by fly 

ash at percentages of 10%, 20%, 30% and by keeping coconut fibres as an admixture at 5.0% constant for all mixes is 

observed to increase at 28 days, 56 days, 90 days when compared to conventional concrete specimens cured in normal 

water and sea water. 
4) The compressive strength, flexural strength and split tensile strength of concrete specimens cured in seawater is observed to 

decrease when compared to the concrete specimens cured in normal water. 
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