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Abstract: A very large amount of waste rubber tire are being generated each year all around the world. Being non-
biodegradable in nature their recycling is not easy. On burning they produce very toxic and harmful smoke. So the
only option is to dump them to landfills. It is also not a proper solution as it takes a lot of space and stockpiles of waste
rubber leads to soil pollution and contaminate water bodies along with ground water. Statistics show that every year
more than 500 million tires are discarded to landfills, and the estimation is about 5000 million tires would be
discarded by 2030. Many research studies has shown that the waste rubber tires could be used in concrete. Concrete
with rubber tire has shown reduction in compressive and flexural tensile strength but they do possess some positive
aspects as they have better toughness, impact resistance, thermal and sound properties. This paper presents a
literature review on using waste rubber tire in concrete as a partial replacement of cement, coarse or fine aggregates.
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1. Introduction

The recent growth of automobile industry and use of vehicles has increased the production of tires all through
the world. This has lead to large accumulation of used tires. The major problem of these tires is their disposal. Million of
tires are discarded each year causing environmental risk to pollution.

It is estimated that each year about 1000 million tires end their service life and more than 500 million among
them are discarded to landfills [30]. A future estimation is that the number of waste tire discarded yearly would reach
1200 million. And there could be as many as 5000 million of stockpiled discarded tire throughout the world. In 2008, the
global production of waste tire was about one billion and production of new tires was about 1.5 billion. Rubber
Manufacturer's Association [31] in one of their statement say that every year about 75 million of waste tires are
stockpiled in US itself and more than 230 million are produced. In India also there would be about 112 million of
discarded tire per year after retreading twice [13].

These waste tires are non-biodegradable in nature and on burning produces very harmful and toxic gases
dangerous to health. So, a maximum amount of these waste tires are thrown to landfills causing very adverse effect on
environment. A very small amount of rubber from the tire gets abraded after its whole service life, this means that a
whole of rubber is discarded. Their disposal in landfill also has some adverse effect on nature. Along with occupying a
very large space in a landfill their decomposition also creates a variety of issues making it unfeasible to decompose.
Waste tire rubber own shape allows it to store water for a long period causing a breeding place for mosquitoes and other
insects. It also causes contamination of underground water and above ground water and also spoils the fertility of soil by
destroying many beneficial bacteria present in soil. [Wikipedia]

Research in the past has shown that these waste tire rubbers could be used in concrete. In literatures, the term
"Rubberized Concrete"” or "Rubber Modified Concrete” is used for concrete made with mixing waste tire rubber particles
into plain concrete. A lot of properties gets enhanced by replacing some components of concrete with waste tire rubber
particles making it suitable for use in a particular work. Many countries have made it compulsory to use waste tire rubber
in their construction work. In this way it could be proved to be a means of sustainable development.

Waste tire rubber particles have been used in concrete in three different forms: (1) Shredded or Chipped rubber-
It's size vary from 2- 20 mm. It is used to partially replace coarse aggregates. (2) Crumb rubber- It's size vary from 4.75-
0.425 mm. It is generally used to partially replace fine aggregates. (3) Ground rubber- It is in the powder form. It's size is
less than 0.425 mm. It is used to partially replace cement content.

2. Experimental study
Five concrete mixes were cast with varied percentage of rubber chips and combination of rubber chips and silica
fume for w/c ratio as 0.41. Compressive strength, split tensile strength and unit weight of these specimen were
determined as per codal guidelines.

2.1 Material

Pozzolana Cement(PPC- Fly ash based) conforming to IS 1489 (part I) manufactured by Ambuja Cement having
specific gravity 3.15 was used for the concrete mixes in this study. Fine aggregates (natural sand) of specific gravity 2.6
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and coarse aggregate (crushed gravel) having nominal size of 20 mm and specific gravity 2.69 was used in this
experimental work. Rubber was obtained from local market and cut into desired nominal size of 20 mm. Physical and
mechanical properties of cement, fine aggregates and coarse aggregates has been shown in Table 1.

Rubber chips and silica fume in the mixes were used as partial replacement of coarse aggregates and cement
respectively. Rubber chips particle size distribution ranges from 10 mm to 20 mm.

Table 1 Properties of cement, fine aggregates and coarse aggregates

Properties Observed Value
Initial Setting Time of cement 33 minutes
Final Setting Time of cement 625 minutes
Grade Zone of fine aggregates |
Specific Gravity of fine aggregates 2.6
Water Absorption of fine aggregates 1.52%
Specific Gravity of coarse aggregates 2.69
Water Absorption of coarse aggregates 0.43 %

2.2 Mix proportion

A total of five mixes were prepared. First mix was of plain concrete(PC). In the second mix, 10 percent of
coarse aggregate by weight was partially replaced with rubber chips. In the third mix, 20 percent of coarse aggregate by
weight was partially replaced with rubber chips. In the fourth mix, 10 percent of coarse aggregate by weight was partially
replaced with rubber chips and 10 percent of cement by weight was partially replaced with silica fume. In the fifth mix,
20 percent of coarse aggregate by weight was partially replaced with rubber chips and 10 percent of cement by weight
was partially replaced with silica fume. The details of all the mixes is shown in Table 2.

Table 2 Mix proportion of concrete

Mix Cement(Kg/ Silica Fine Coarse Rubber
m®) Fume(Kg/m®) | Agg reg%;e(Kg/m Agg regg;e(Kg/m Chips(Kg/m®)
1:RCO 450 0 663 1120 0
2:RC10 450 0 663 1008 112
3:RC20 450 0 673 896 224
4:SF10RC10 405 45 673 1008 112
5:SF10RC20 405 45 673 896 224

2.3 Mixing and casting

First of all, the interior of mixing drum was wetted with water in order to minimize the absorption of water
added as a part of the concrete mixture. Firstly the coarse aggregate fractions was mixed followed by the tyre rubber
chips in required amount. Rubber chips were pre soaked in cement paste before using in concrete mix in order to achieve
better bonding strength. After that fine aggregates and cement content was added and mixed properly. Were required,
silica fume was added after it. Water was added at last in three steps while the drum is operating. All the contents were
mixed for about 5 minutes.

A total of 15 cubes of 150 mm size and 9 cylinders of 150 mm X 300 mm size were casted. All the specimens
were taken to the vibrating table after casting in order to achieve proper and consistent compaction. The specimens were
left in the laboratory at room temperature for 24 hours.

After 24 hours of placing concrete in moulds, the sample were de-moulded and were kept in water for curing.
After a curing of 28 days, the specimens were tested.

The compressive strength of specimens were determined according to the Indian Standard 1S 516:1959 on cube
specimens of sizes 150 mm X 150 mm X 150 mm. The split tensile strength test of specimens were carried out according
to Indian Standard 1S 5816:1999 on cylinder specimens of height 300 mm and diameter 150 mm.
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3. Result and discussion
3.1 Unit weight

The addition of rubber chips in the concrete decreases its unit weight. Fig. 1 shows the unit weight of all the
specimens. It is observed that the unit weight of rubber chips concrete decreases with an increase in the percentage of
rubber content. The density of waste rubber chips is low in comparison to the gravel. This is why the unit weight of
rubber chips concrete is less than plain concrete.
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Fig. 1 Unit weight of specimens after 28 days
3.2 Compressive strength

Compressive strength test was performed on compression testing machine having capacity of 3000kN after 28
days of casting. It is observed that the compressive strength of rubber chips concrete decreases with an increase in the
percentage of rubber chips. Also, the compressive strength of rubber chips concrete increases to some extent after adding
silica fume. This is so because the compressive strength of waste rubber is very less in comparison to the gravel, so the
strength of specimens decreases with an increase in the percentage of rubber chips. Silica fume enhances the compressive
strength of concrete due to its very small particle size distribution which allows it in making stronger bonding with other
constituents particles. Hence, the strength of rubber chips concrete increases after adding silica fume.
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Fig. 2 Compressive strength of specimens after 28 days
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3.3 Split tensile strength

Split tensile strength test was performed on compression testing machine having capacity of 3000kN after 28
days of casting. It is observed that the split tensile strength of rubber chips concrete decreases with an increase in the
percentage of rubber chips. This is so because the tensile strength of waste rubber is very less in comparison to the
gravel, so the strength of specimens decreases with an increase in the percentage of rubber chips.
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Fig. 3 Split tensile strength of specimens after 28 days
4. Conclusion

o Unit weight of concrete with waste tyre rubber chips decreases with an increase in the percentage of rubber content.
This concludes that, rubber chips concrete could be used in making light weight concrete.

e Compressive strength of concrete with waste rubber tyre chips decreases with an increase in the percentage of rubber
contents. Also, the compressive strength of concrete increases with the addition of silica fume. As the compressive
strength of rubberized concrete is less, it is not suitable for use as a structural component but it could be used as a non
structural component.

o Split tensile strength of concrete with waste tyre rubber chips decreases with an increase in the percentage of rubber
content.
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