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Abstract 

The use of coir fiber and scrap tyre rubber in the preparation of concrete has been thought as an alternative disposal of such waste 

to protect the environment. In this study an attempt has been made to identify and compare the various properties necessary for the 

design of concrete mix with the coir fiber and scrap tyre rubber chips in a systematic manner. Coir fiber and scrap tyre rubber 

chips, were used as an additional material in the conventional concrete. The construction industry is increasing the use and 

applications of concrete. Therefore, it is required to find an alternative materials to reduce the cost of concrete. On the other hand, 

Non-biodegradable waste i.e. water bottles, cool drink bottles and disposable glasses, shredded or crumbed rubber etc., is creating 

a lot of problems in the environment and its disposal is becoming a great difficulty. The objective of this research is to investigate 

the use of rubber pieces and coconut fibers in the concrete and to compare their results with the conventional concrete.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

 General 

Concrete is most widely-used Man made construction material and studies indicate that it will continue to be so in the years and 

decades to come. Such versatility of concrete is due to the fact the common ingredients, namely cement, sand, coarse aggregate 

and water. Concrete is good in compression and also it is very strong in carrying flexural force. A Reinforced concrete section, 

where the concrete resists compression and the steel resists the tension. 

 Background  

 Coir Fiber 

Coconut fiber is extracted from the outer shell of a coconut. The common name, scientific name and plant family of coconut fiber 

is coir, Cocos nucifera and Arecaceae (Palm), respectively. There are two types of coconut fibers, brown fiber extracted from 

matured coconuts and white fibers extracted from immature coconuts. Brown fibers are thick, strong and have high abrasion 

resistance. White fibers are smoother and finer, but also weaker. 

 
Fig. 1: Coconut Tree, Coconut and Fiber 

Coir is a lingo-cellulose natural fiber. It is a seed-hair fiber obtained from the outer shell, or husk, of the coconut. It is resistant 

to abrasion and can be dyed. Total world Coir fiber Production is 250,000 tonnes. The Coir fiber industry is particularly important 

in some areas of the developing world. Over 50% of the Coir fiber produced annually throughout the world is consumed in the 

countries of origin, mainly India. Because of its hard-wearing quality, durability and other advantages, it is used for making a wide 

variety of floor furnishing materials, yarn, rope etc. However, these traditional coir products consume only a small percentage of 

the potential total world production of coconut husk. 
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 Rubber 

Countries and cities have been faced with major increasing problems with the disposal of recycled materials, such as rubber, glass, 

and plastics for several years. The consumption of the world's rubber has nearly reached 24.9 million tons in year 2010. In the U.S. 

alone, approximately 3.9 million tons of scrap tires are produced every year, out of which 1.36 million tons are recycled and 2.54 

million tons are burned or land-filled. In view of the wide and vast market for scrap tires, about a quarter of all scrap tires end-up 

in landfills numbering to approximately 27 million tires or roughly 6 million tons annually, making-up over 12% of all solid waste.  

The disposal of the scrap tires materials become very costly once they are sent to landfills; not to mention the wide space that they 

use in landfills to dispose of, and the hazard that they cause towards the environment. Based on this information, the rubber use in 

concrete and pavement material provides an environmentally sustainable method for disposing of the millions of tires that are 

annually generated. Powdered rubber is a general term or an expression given to recycled rubber that is generated from scrap tires. 

The production of powder rubber consists of removing the steel and fluff, then using a granulator and/or cracker mill, with the aid 

of cryogenics or mechanical means, in order to reduce the size of the tire particles.  

1) Chipped Rubber: This type of rubber has dimensions of about 25–30 mm and used to replace the coarse aggregates in concrete. 

2) Crumb Rubber: The particles of rubber are highly irregular, varying between 3–10 mm, and are used to replace the fine 

aggregates.  

3) Powdered Rubber: The particles of the rubber are smaller than 1 mm and consist of the powder formed during the crunch 

process, fallen from the machinery of the plant that is handling the waste rubber. This type of rubber could be used as filler in 

concrete due to its size. 

On the other hand, and for so many years, material researchers have attempted to make concrete a ductile material. It appears, 

however, that due to the brittle nature of concrete, the most direct and effective approach in creating damage tolerant concrete 

structures would be to embed tensile ductility into concrete. If concrete behaves like steel in tension (highly ductile), while retaining 

all other advantages (e.g. high and extreme compressive strength), concrete structures with enhanced serviceability and safety can 

be readily realized.  

This research attempts to provide a solution for this worst limitation of concrete, i.e. brittleness and very low tensile strength. 

Making concrete a ductile material would also improve the impact strength and toughness of the concrete. Another issue would be 

to seek ways of making the concrete “green” or environmentally friendly through the choice of materials while retaining the core 

advantages of the concrete. Ductility is a very desirable structural property because it allows the stress re-distribution and allows 

warning signs of impending failure. The ductile behaviour enables the concrete material to have the capacity to deform and support 

flexural and tensile loads even after initial cracking. Rubber is suggested as a possible material that can be used in concrete in order 

to increase the flexural and tensile strength. Mostly the rubber is collected from the waste tyres coming from automobile industry 

which helps in reducing the air pollution done by the incineration of waste tires in open atmosphere. 

II. EXPERIMENTAL INVESTIGATION 

 Materials Used In Concrete 

 Cement 

The cement used should confirm to IS specifications. There are several types of cements are available commercially in the market 

of which Portland cement Specific Gravity is 3.15 the most known and available everywhere. Portland Pozzolana Cement (PPC) 

is used for this study. 

 Fine Aggregate 

Naturally available fine aggregate is used for casting specimens. The fine aggregate was passing through 4.75mm sieve and had a 

specific gravity of 2.68. The grading zone of fine aggregate was zone II as per Indian Standard Specification (IS 383). 

 Coarse Aggregate 

Coarse aggregate are the crushed stone is used for making concrete. The maximum size of coarse aggregate used for this 

investigation is 20mm and the specific gravity is 2.78. 

 Water 

Water is an important ingredient of concrete as it chemically participates in the reactions with cement to form the hydration product 

C-S-H gel. The strength of cement concrete depends mainly from the binding action of the hydrated cement paste gel. A higher 

water-binder ratio will degrease the strength, durability, water-tightness and other related properties of concrete. As per Neville, 

the quantity of water added should be the minimum required for chemical reaction of hydrated cement, as any excess of water 

would lead end up only in the formation of undesirable voids (capillary pores) in the hardened cement concrete paste. 

Hence, it is essential to use a little paste as possible consistent with the requirements of workability and chemical combination 

with cement From HSC mix considerations, it is important to have the compatibility between the given cement and the chemical 

and mineral admixtures along with the water used cement and mineral admixtures along with the water used for mixing.  

HSC with its high content of cementitious materials is susceptible to a rabid loss of workability on account of high amount of 

heat of hydration generated. Therefore attention is required to see that the initial hydration rate of cement should not be significantly 

affected. Quality and quantity of water is required to be looked very carefully. The water used for making concrete should be free 

from undesirable salts that may react with cement and admixture and reduce their efficiency. Silts and suspended particles and 

undesirable as they interfere with setting, hardening and bond characteristics. Algae in mixing water may cause a marked reduction 
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in strength of concrete either by combining with cement to reduce the bond or by causing large amount of air entrainment in 

concrete.  

 Coir Fibers 

Locally available waste coconuts were collected from different places (mainly from temples) and properly shaped in the form of 

fibers. Uniform length of fibers was obtained by using cutting machine. Typical properties of fiber shown in table 1 
Table – 1 

Properties of fiber 

Fiber Properties 

Diameter in mm 0.48 

Aspect Ratio 104.2 

Specific Gravity 0.87 

Water Absorption in % 104.2 

Density in Kg/m3 2057 

 Rubber Strips 

Locally available waste rubber tubes and tires were    collected and properly chopped in the form of strips. The length of strips was 

maintained same by the cutting machine. Typical properties of rubber strip shown in table 2 
Table – 2 

Properties of rubber 

Rubber Properties 

Density in Kg/m3 0.94 

Size in mm 80 

Elongation in % 420 

 Materials and Mix Proportions 

Materials used include Portland Pozzolana Cement (PPC), coarse aggregate of crushed rock (max. size, 20mm), fine aggregate of 

clean river sand (zone II of is: 383-1970) and portable water. Locally available rural materials were taken from waste stream and 

converted in to fibers (coir) and strips (rubber) of required length and diameter. 

Uniform length of coir and rubber were obtained by cutting machine. Coir fiber having diameter of 0.48mm and aspect ratio of 

104.8 fiber sample (5g each) was accurately taken as 3% of volume of mould and water absorbed after 24h of continuous impression 

was determined. Rubber is used in the form of strips having length of 80 mm and 0.83 Kg/m3 density. 

A mix was designed as per is 10262-1982 to achieve a concrete grade of M25. A sieve analysis conforming to IS 383-1970 was 

carried out for both fine and coarse aggregates. The concrete mix was designed and prepared in order to make individual samples 

of coir fiber, rubber and conventional concrete.  
Table – 3 

Detail of samples 

Concrete Mix Sample No of Sample Prepared 

Coir fiber 3 (7days/14days/28days) 

Rubber strip 3 (7days/14days/28days) 

Conventional 3 (7days/14days/28days) 

 Mixing and Casting 

Hand mixing was used for convenient handling of coir fiber and rubber strip. Sand and cement were mixed dry and kept separately. 

Then coarse aggregates, coir fibers and dry mix of cement and sand were kept in three layers and approximate amount of water 

was sprinkled on each layer and mixed thoroughly. Mixing procedure was felt to be extremely tedious due to formation of small  

lumps. In order to avoid the formation of lumps the fibers were randomly oriented in the mix. The cylinders (150mm dia & 300mm 

deep) of fiber and rubber reinforced and conventional concrete specimens were casted. Each layer was compacted with 25 blows 

with 16 mm diameter steel rod. 

 
Fig. 2: Casting 
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 Mix Proportion of M25 Grade Concrete 

 Conventional, Coir Fibre and Rubber Reinforced Concrete (M25) 

M25 grade of concrete has been designed as per IS code and the mix proportions is given in the table 4 
Table – 4 

Mix Proportions 

Cement Fine Aggregate Coarse Aggregate W/C Ratio 

1 1 2 0.5 

 Workability Tests 

 Slump Cone Test 

This test is used to determine the workability of concrete. The apparatus is a cone of 10cm top diameter, 20cm bottom diameter 

and 30cm height. It has two handles for lifting purposes. Initially, the cone is cleaned and oil is applied on the inner surface. Then, 

the concrete to be tested is placed into the cone in three layers. Each layer is compacted 20 times by a standard tamping rod. After 

filling the cone, it is lifted slowly and carefully in the vertical direction. Concrete is allowed to subside and this subsidence is called 

slump. 

If the slump is even, then it is termed as true slump. If one half of cone slides, it is called shear. If entire concrete slides, it is 

called collapse. Shear slump indicates that concrete is non-cohesive and shows a tendency for segregation. Generally, the slump 

value is measured as the difference between the height of the mould and the average height after subsidence. Slump test is found 

to be the simple test and is widely used. 

 Compaction Factor Test 

The compaction factor test was developed at the Road Research Laboratory, UK and it is one of the most efficient tests for 

measuring the workability of concrete. This test is more precise and sensitive than the slump test and is particularly useful for 

concrete mixes of low workability as are normally encountered when concrete is to be compact by vibration. The compaction 

factor test is designed primarily for use in the laboratory. The apparatus consists of upper hopper, lower hopper and a bottom 

cylinder. The concrete to be tested is filled in the upper hopper to the brim. The trap door is opened so that the concrete falls in to 

the lower hopper. Then the trap of the lower hopper is opened and the concrete is allowed to fall into the cylinder. In the case of a 

dry mix, it is likely that the concrete may not fall on opening the trap door. In such a case, a slight poking by a rod may be required 

to set the concrete in motion. The excess concrete remaining above the top level of the cylinder is then cut off with the help of 

plane blades supplied along with the apparatus. 

The concrete is weighed to the nearest 10 grams. This is known as weight of partial compacted concrete. The cylinder is emptied 

and then refilled with the concrete for four (or) five layers compacting each layer fully. The top surface of the fully compacted 

concrete is then struck off in level with the top of cylinder and weighed to the nearest 10 grams. This is known as weight of fully 

compacted concrete. The test set up for the compaction factor is in photo. 

Compaction factor is the ratio obtained when the weight of partially compacted concrete is divided by the weight of fully compacted 

concrete. The weight of fully compacted concrete can also be calculated by knowing proportions of materials, their respective 

specific gravities and the volume of the cylinder. 

 Mixing 

Mixing of concrete should be done thoroughly to ensure that concrete of uniform quantity is obtained. Hand mixing is done in 

small works, while machine mixing is done for all big and important works. Although a machine generally does the mixing, hand 

mixing sometimes may be necessary. A clean surface is needed for this purpose, such as a clean, even, paved surface or a wood 

platform having tight joints to prevent paste loss. Moisten the surface and level the platform, spread cement over the sand, and 

then spread the coarse aggregate over the cement. Use either a hoe or a square-pointed D-handled shovel to mix the materials. Turn 

the dry materials at least three times until the colour of the mixture is uniform. Add water slowly while you turn the mixture again 

at least three times, or until you obtain the proper consistency. Usually 10% extra cement is added in case of hand mixing to 

account for inadequacy in mixing. 

 Casting 

Before casting the cylinders the entire mould is oiled, so that the cylinder can be easily removed from the mould after 24 hours. 

The concrete is filled in the mould by three layers and each layer is tamped evenly by tamping rod. 

 Compaction 

All specimens were compacted by using needle vibrator for good compaction of concrete. Sufficient care was taken to avoid the 

errors. Finally the surface of the concrete was levelled and finished and smoothened by metal trowel. 
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 Curing of Concrete 

The concrete is cured to prevent or replenish the loss of water which is essential for the process of hydration and hence for 

hardening. Also curing prevents the exposure of concrete to a hot atmosphere and to drying winds which may lead to quick drying 

out of moisture in the concrete and thereby subject it to contraction stresses at a stage when the concrete would not be strong 

enough to resists them. Concrete is usually cured by water although scaling compounds are also used. It makes the concrete 

stronger, more durable, more impermeable and more resistant to abrasion and to frost. Curing is done by spraying water or by 

spending wet hessian cloth over the surface. Usually, curing starts as soon as the concrete is sufficiently hard. Normally 14 or more 

days (28 days) of curing for ordinary concrete is the requirement. However, the rate of hardening of concrete is very much reduced 

with the reduction of ambient temperature. 

 
Fig. 3: Curing 

 Strength Related Properties 

The strength related tests were carried out on hardened conventional cement concrete 28 days to ascertain the strength related 

properties such as cylinder compressive strength. 

 Split Tensile Strength Test 

It is impossible to apply truly axial tensile on concrete specimen due to additional stresses induced by eccentricity, grip, etc. There 

is also a tendency for the specimen to break near the ends. The splitting tests are well known indirect tests for determining the 

tensile strength of concrete sometimes referred as split tensile strength of concrete. This tests are carried out in accordance with IS 

516-1999 standards conducted on concrete cylinders of 150 mm diameter and 300 mm length. 

 
Fig. 4: Split tensile test 

 Preparation of Concrete Cylinder 

For this study, experimental work involves casting of concrete cylinder of size diameter 150 mm and height of 300 mm for 

determination of split tensile strength for 7 days, 14 days and 28 days. Cylinders are casted with addition of coir fiber and rubber 

strip individually. For the study the water cement ratio of 0.5 is maintained uniform. 

 Split Tensile Tests for Cylinders 

This is an indirect test to determine the tensile strength of the specimen. Splitting tensile tests were carried out on 150mm x 300mm 

sized cylinder specimens at an age of 7 days, 14 days and 28 days using compression testing machine as per IS: 5816 – 1970. The 

load was applied till the specimen split and readings were noted. The splitting tensile strength (fct) of the specimen was calculated 

using the following equation: fct = 
2𝑃

𝜋𝐷𝐿
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III. CONCLUSION 

 Split Tensile Test Results 

The cylinder specimen (15cm diameter & 30cm height) were tested in compression testing machine with horizontal position to 

determine the split tensile strength of concrete. The results (in MPa) are given in table 5 
Table – 5 

Strength of samples 

Days/Strength Conventional sample Coir Fiber sample Rubber Strip sample 

7 1.16 1.36 1.34 

14 1.19 1.41 1.39 

28 1.63 1.74 1.71 
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