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ABSTRACT: Solid waste management has gained a lot of 

attention of the research community now-a- 

days.Maintaining non-biodegradable waste is an 

international issue, out of the various solid waste, waste 

tyres, has become a problem which needs an immediate 

solution. Though waste tyre rubbers are already used as 

a fuel in many industries such as thermal power plant, 

cement kilns and brick kilns etc. Unfortunately, this 

kind of usage is not environment friendly and requires 

high cost. Thus, it was need of society to identify areas 

where tyre rubber can be used without much investment 

and at mass scale. The use of scrap tyre rubber in the 

preparation of concrete has been thought as an 

alternative for disposal of such waste to protect the 

environment. 

In this study an attempt has been made to identify the 

various properties necessary for the design of concrete 

mix by replacing aggregates with crumb tyre rubber. 

M20 grade concrete has been chosen as the reference 

concrete specimen. Scrap tyre rubber powder, has been 

used as fine aggregate with the replacement of 

conventional fine aggregate. 

This will not only allow the sustainable use of aggregates 

available to us but also provide an effective and mass 

management of rubber tyre waste. The rubber tyre 

waste is powdered into fine crumb and then this crumb 

tyre aggregate is added as 5%, 10%, and 15% to replace 

the fine aggregate. In this study, workability, 

homogeneity, compressive and flexural strength of 

rubberised concrete are evaluated to investigate the 

optimal use of crumb rubber as fine aggregate in 

concrete. 

Keywords– Concrete, Crumb Rubber as Fine Aggregate, 

Compression Testing.  

II. INTRODUCTION 

A very Large amounts of used rubber tyres cumulate in the 

world every year out of which 275 million in the India [1] 

and around 180 million in European Union [2]. One of the 
most popular methods to get rid of this rubber waste is to 

pile these tyres in landfills, and since they have low density 

and poor degradation, we cannot burry them as landfills [3]. 

These tyres are also placed in a dump, or disposed of by 

simply piling them in large holes in the ground. And these 

dumps serve as a great homage to mosquitoes and these 

mosquitoes spread many diseases, this becomes a serious & 

dangerous health hazard [4]. However, this rubber waste’s 

higher amounts can be utilized as fuel, pigment soot, in 

bitumen, roof and floor covers etc. One of such applications 

that could use old rubber tyres effectively is rubberized 

concrete. Concrete can be made cheaper by replacing a 

fixed percentage of fine aggregate with granulated rubber 

crumbs from rubber waste. These granulated rubber crumbs 

can be achieved through a process called continuous 

shredding, which is done to create crumbs small enough to 

replace aggregates as fine as sand effectively. Such kind of 

concrete can be used in manufacturing process of reinforced 
pavement and bridge structures because this have better 

resistance to frost and ice thawing [5, 7, 8]. In present 

scenario, the disposal of waste tyre rubber is a major 

concern in waste management throughout the world. It is 

estimated that around 1.2 billion of waste tyre rubber is 

produced per year around the world. It is also estimated that 

around 11% of tyres are exported post consumption and 

27% are piled as landfill, stockpiled or dumped illegally and 

only 4% of it is utilised for civil engineering works. Hence, 

efforts have been made to identify the potential of this waste 

tyre rubber in civil engineering projects. Our present study 
aims to investigate in the same context i.e. the optimal use 

of crumb rubber as fine aggregate in concrete composite. 

With the increase in urbanization in countries like India the 

total number of vehicles and consequently the amount of 

used rubber tyres is increasing significantly. Hence, this 

waste is going to be a big environmental threat. This study 

shows us an alternative way of recycling tyres by 

incorporating them into concrete. Of course, the concept 

that if the problem emerges from urbanization and the 

solution must go along with it should also be appreciated. 

Therefore, the aim of this study is to introduce an 

environmental friendly technology, which will benefit the 
society and the nation. Application of used tyres in concrete 

construction as a replacement of fine aggregate is a new 

technology. Through this study, it is intended to derive a 

suitable mix proportion and percent replacement by making 

use of locally available materials by partial replacement of 

the natural fine aggregates with recycled fine rubber 

aggregates. Hence, the possibility of using waste rubber 

tyres as an alternative construction material will be 

investigated. By conducting different laboratory tests on 

prepared specimens, it is intended to analyze the 

effectiveness of crumbed rubber as fine aggregate. 

III. PROPERTIES 

FRESH CONCRETE PROPERTIES 

 Workability 

Raghavan, et al. [13] reported that mortars incorporated in 

rubber shreds have achieved workability comparable to or 

even better than a controlled mortar without rubber. 

Khatib and Bayomy [14] investigated and reported that the 

workability of rubberized concrete decreases with increase 
in rubber content by total aggregate volume. They further 
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reported that for rubber contents of 40% by total aggregate 

volume, slump reported was almost zero, and that means 

concrete was not at all workable manually. It was also 

observed that concrete mixtures prepared with fine crumbed 

rubber were more workable than those with coarse tyre 

chips or a combination of tyre chips and crumbed rubber. 
 

 Air Content 
Fedroff, et al. [15] have reported higher air content in 

rubberized concrete mix than controlled mixtures even 

without the use of any air-entraining admixture (AEA). The 

similar observation was also made by Khatib and Bayomy 

[14]. This result was may be due to the non-polar nature of 

rubber particles and their unique tendency of entrapping air 

in their rough surface, and when the rubber was added to 

concrete mixture; it may have attracted air particles as it has 

tendency to repel water. This way air may have adhered to 

the rubber particles. Therefore, it may be reported that on 
increasing the rubber content, air contents of rub Crete 

mixtures also increases. 

 

 Unit Weight 

The rubber particles have low specific gravity and unit 

weight of mixtures containing rubber also decreases with 

any further increase in the percentage of rubber content. 

Moreover we know that, the increase in rubber content 

results in an increase in the air content, which in turn also 

reduces the unit weight of the mixtures. Also, the decrease 

in unit weight of rubberized concrete with crumb rubber is 
negligible when rubber content is around & lowers than 15 

to 20% of the total aggregate volume [14]. 

 

IV. METHODOLOGY & EXPERIMENTAL 

INVESTIGATION 

 MATERIAL USED 

The basic ingredients of rubberized concrete which were 

used in this research work are OPC (ultra tech cement), Fine 
crumb rubber, Natural Coarse aggregate (sedimentary rock 

source), and Natural Fine aggregate (sand), Water (fresh 

drinkable water). 

 

ORDINARY PORTLAND CEMENT 

The ordinary Portland cement of 53grade manufactured by 

the ULTRATECH Cement Company was used in the study, 

which is in accordance with IS 12269:1987.Having design 

strength for 28 days being a minimum of 53 MPa or 

530kg/sqcm.  

COARSE AGGREGATES 
Locally available coarse aggregates were used for the 

preparation of test samples using rubberized concrete. 

Graded coarse aggregate were used & is described by its 

nominal size i.e. 40mm, 20mm, 16mm, 12.5mm etc. The 

coarse aggregate having nominal size 20mm has been used 

in this study. Sieve analysis on the coarse aggregate samples 

was carried out in the laboratory and the results obtained are 

shown in the Table 3.2. The properties of the coarse 

aggregates used for the experiment are shown in Table 3.1. 

 

 

Table: 3.1 Properties of coarse aggregates 

Properties 

 
Value as per 

test 

Results 

 

Value as per IS 

standards for 

R.C.C work 

Specific gravity 2.62 2.60 

Water absorption 1.1 % < 2 % 

Impact factor 6.16 % < 45 % 

 

Table: 3.2 Sieve analyses of coarse aggregates 

S

r. 

N

o 

IS-

Sie

ve 

(m

m) 

Wt. 

Retain

ed 

(gm) 

%a

ge 

Ret

ain

ed 

%ag

e 

Passin

g 

Cumula

tive % 

Retaine

d 

1 80 0.00 0.0

0 

100.

00 

0.00 

2 40 0.00 0.0

0 

100.

00 

0.00 

3 20 68.5 2.2

8 

97.7

2 

2.28 

4 10 2776.5 92.

55 

5.17 94.83 

5 4.7

5 

113.5 3.7

8 

1.38 98.62 

6 Pan 0.00 0.0

0 

0.00  

 Tot

al 

3000.0

0 

 SU

M 

195.73+

500= 

695.73 

 

V. PREPARATION OF CUBE & BEAM SAMPLES 

Cube samples of size 15 x 15 x 15 cm & beam samples of 

size 50 x 10 x 10 cm were prepared for this project. M20 

grade of concrete was considered for the preparation of 

samples. The Table 3.3 shows the weights of materials 

taken for the preparation of test samples. The process 

included the 5 basic steps and these steps are as follows: 

 Weighing & Batching 

 Mixing 

 Placing 
 Compacting 

 Curing 

Mixing of materials 

After the process of batching, the materials were selected in 

a ratio given in Table 3-3 and they were mixed together, the 

process is called the Mixing. Mix were prepared using 

volumetric proportions for M20 i.e. a ratio of 1:1.5:3. The 

following figure 1.2 shows the process of manual mixing 

done in the laboratory; 
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Figure 1.1: mixing of materials 

Placing of concrete 

After mixing of materials, they were placed in the cube 

mould and the figure 3.3 shows theprocess of placing; 

 
Figure1.2:  placing of concrete in mould 

 

 

 

Figure 1.3: Compressive Strength test of cube samples in 

UTM 

 

VI. COMPRESSIVE STRENGTH TEST RESULT 

The compressive strength test was performed on the cubes 

of size 15 cm x 15 cm x 15 cm to check the compressive 

strength of rubberized concrete and the results obtained are 

given in Table 4.1.Target mean strength for 28 days for 

M20 concrete( f’ck) = fck + 1.65*s 
= 20 + 1.65 x 4=26.6 N/mm2 

 

Table 3.3:Results of compressive strength test 

S. No. % of 

crumb 

rubber 

Compressive 

Strength(N/mm2) 

 

7 Days 

 

28 Days 

 

1 0% 16.03 26.75 

2 5% 19.34 28.73 

3 10% 18.53 27.46 

4 15% 16.67 25.63 

 

VII. FLEXURAL STRENGTH TEST RESULT 

The Flexural test was performed on the beams of size 50 x 

10 x 10 cm to check the flexural strength of the rubberized 

concrete and the results obtained while performing the 
flexural test on UTM are given in Table below- 

 

RESULT OF FLEXURAL STRENGTH 

S.No. % of crumb 

rubber 

Flexural Strength 

(N/mm2) 

7 Days 28 Days 

1 0 % 3.8 5.05 

2 5 % 5.9 7.33 

3 10 % 5.10 6.63 

4 15 % 4.86 5.90 

 

DISCUSSION 

In this study, gradual reduction in compressive strength was 

observed with the increase in percentage of crumb rubber as 

fine aggregate. By this study, it can be concluded that crumb 

rubber can be added into concrete mixes without 

considerable reduction in compressive strength up to 10% of 

weight of fine aggregate. The variation of the compressive 

strength of the rubberized with respect to the variation of 

percentage of crumb rubber 

 
Figure: Compressive strength v/s %age of crumb rubber 
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VIII. CONCLUSIONS 

The test results of this study concludes that there is great 
potential for the utilization of waste tyres rubber in concrete 

mixes in several percentages, ranging from 5% to 15%. 

Based on present study, the following conclusions can be 

made Concrete with higher percentage of crumb rubber 

possess low workability i.e with increase in percentage of 

crumbed rubber the concrete workability decreases. The 

flexural strength of the concrete decreases about 56% when 

15% of sand is replaced by crumbed rubber. The 

compressive strength of the concrete decreases about 25% 

when 15% of sand is replaced by crumb rubber. With the 

addition of the crumb rubber, the reduction in strength 

cannot be avoided. However, these data provides only 
preliminary guideline for the strength-loss of locally 

produced modified concrete in comparison with the 

conventional concrete of 20 MPa targeted strength. 
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