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Abstract— Unwanted noise is a significant factor in traffic
corridor planning, architecture, and development. Architects,
structural experts, and traffic designers are looking for
innovative methods of minimizing or substantially reducing
noise levels. The challenge is to achieve necessary levels of
sound while preserving and improving the visual experience
at the same time. At the other hand, rubber waste, especially
waste from scrap tyres, is one of the most unmanageable. A
very serious ecological issue today is its conservation and
use. The dissertation work namely addition of various
percentages of scrap rubber by weight of cement in concrete
was. Carried forward to its logical end using an analytical and
experimental approach. The majority of the projected results
were subsequently attained by exploring various milestones
such as findings from literature survey, identification of
relevant gaps to accomplish the work, validity of the tests,
results and discussions to provide an. efficient basis. Of the
subject for implementing its applications for a coherent use
in future prospects. Some of the highlights are mentioned
below: The overall analysis and emphasis of this research
work is an eco-friendly approach and at the. Same is techno-
economical from. The commercial point of view the depleing
trend of the natural. = Source like the aggregates can be
reduced to a greater extends by making it sustainable for the
judicious use of future generation and reduces various
problems associate with environment. The research work
shall be further explored by increasing the percentage of
rubber as aggregate. The commercial implications in
promoting the implementation of this dissertation work can
be little bit on higher side, but the saving of environmental
degradation and large land fill area can be considered as the
pay back assets.
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I. INTRODUCTION

It has been realized that the generation of solid waste and the
disposal problem related to it is a standout amongst the most
vital issues which our human progress is confronting in
present era. Risky and non-biodegradable waste is being
produced in boundless amount bringing on genuine danger to
our environment, Population growth, urbanization and the
industrialization causes increased growth in the utilization of
various sorts of materials which has resulted in the huge
amount of solid waste generation, . The generation of non-
biodegradable and hazardous waste alongside the consumer
population growth has brought waste disposal crisis. Solid
waste can be arranged into various sorts relying upon their
source: a) Household, b) Industrial (toxic and hazardous) and
¢) Bio-medical (infectious), Among industrial wastes, the tyre
rubber wastes or scrap tyres are one of the hazardous wastes
which are being generated and accumulated on very large
scale worldwide every year. As tyre rubber waste is classified

as non-biodegradable waste, thus its non-decaying nature
creates a huge problem in proper and safe disposal. Every
year, more than one billion tyres are manufactured around the
world, and equivalent number of tires is permanently expelled
from vehicles, getting to be distinctly squandered. The U.S.
is the biggest producer of waste tires, around 290 million a
year, although increments in new vehicles deals in China and
India are quickly adding to waste tire volumes. European
Union contributes around 180 million tons to the scrap tyres
volume. India’s waste tyres represent around 6-7% of the
worldwide aggregate. The waste rubber tyres in India are
rising with the 12% per annum growth in the local tyre
industry, .Generally the waste tires are either stockpiled
(whole tyre) or land filled (shredded tyre) but this accounts
for huge space requirement, moreover, it becomes the home
of nesting insects, rats and breeding ground for mosquitoes,
which leads to the outbreak of many diseases. Globally, in
2011, just 7% of waste tires were recycled at site, 11% were
used for fuel, 5% were sent out for processing somewhere
else and the remaining 77% were sent to landfills, stockpiled,
or illicitly dumped; the equivalent of some 765 million tyres
a year wasted. The danger of tyre rubber wastes catching fire
is always there and once tyres start to burn uncontrollably it
takes long time to extinguish, also, it leads to the release of
toxic smoke in the air and contaminate the soil and water. One
of such tyre wastes fire occurred at Heyope in whales where
tyre wastes fire started in 1989, about 10 million tyres had
been dumped there and it took about 15 years to extinguish
this fire, . Thus stockpiling and land filling is not an effective
way to dispose the waste rubber tyres as it greatly contributes
in degradation of our ecology and causes various health
hazards. On realizing the negative impact of waste rubber
tyres due to disposal crisis on our society and the other
problem related to it, the European Union completely
restricted the disposal of all intact tyres into the surrounding
ecosystem since 2003 and shredded rubber waste tyre since
2006 as per the norms stated under the European Union
Directive 199/31 EC.

The conceivable and effective solution of waste
rubber tyres disposal crisis is exhibited by applying the
philosophy of sustainable development. The application
range of sustainable development is for all intents and
purposes limitless, considering that the present concept is
applicable to all types of human activity. Among various
aspects of sustainable development the recycling and reuse of
waste products are the major ones, as it helps in reducing the
area required for junkyard/ landfills by reusing the
waste/scrap. A rubber tyre is a composite of rubber elastomer
sheets fortified transversely with steel fibers. Tire recycling
makes utilization of interesting traits of natural rubber such
as high tensile, shear strength and high fatigue resistance.
Some of the best available choices for reusing scrap/waste
rubber tires include incineration of waste rubber tires for the
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production of power and steam. Scrap rubber tires have been
utilized effectively in kilns of cement industries for the
production of cement, as proposed prior by different
researchers. Such applications/implementation in various
fields make utilization of attributes like good durability and
adhesion of waste rubber tyres. Other effective employments
of scrap/waste tires included their utilization in hot mix
bitumen as a road construction material. However, a few
challenges are related with its application as roadway
material, for example, the high viscosity of the rubberized
bitumen and the higher temperature for generation of
rubberized asphalt.

While these fields of utilizations gave positive
outcomes for recycling and reusing scrap tyres, utilization of
scrap/waste tires with respect to the present volumes of tyres
in landfills is very little. Since, concrete forms the biggest
segment of construction materials around the world, it has
been recommended to utilize scrap/waste tyres as material in
concrete. The yearly production of concrete worldwide
consumes around 9 billion tons of aggregate and more than 2
billion tons of cement.

[1. OBJECTIVES OF THE STUDY

In the view of gaps identified, the objectives of the present

research work are as follows:

— Todesign a concrete mix in accordance to IS 10262:2009
for developing the reference concrete of M35 grade.

— To develop rubberized concrete mix samples by
replacing the fine aggregate (sand) with untreated and
treated (with synthetic resin) crumb rubber as aggregate
at different percentages.

— To determine the density and slump of rubber modified
concrete mix samples having different crumb rubber
content.

— To determine the compressive strength for untreated and
treated rubber modified concrete.

— To suggest the optimum dosage of crumb rubber
aggregates both treated and untreated based on
laboratory test results obtained; and draw conclusions for
field application.

[1l. RESULTS AND DISCUSSION

STAGE 1: In this stage the procurement of various materials
will be carried out and testing of procured materials will be
done to assess the properties of material used. Moreover, the
results of sieve analysis and specific gravity test for fine
aggregate and coarse aggregate will be utilized for designing
the reference concrete mix of required grade. The various
materials used will be tested as per Indian standard
specifications.

A. Constituent Materials

The constituent materials that will be used in this
experimental study will Ordinary Portland Cement, coarse
aggregates, Natural River sand, crumb rubber aggregate,
synthetic resins and water. The various materials will be
tested as per specifications laid down in Indian standard
codes. The quantity of the materials will selected on the basis
of trial mixes done to achieve control concrete mix of desired

compressive strength of 35 N/mm2. Various specifications
related to the materials are discussed below.

1) Cement

Ordinary Portland Cement (OPC) of 43 grade will be used
throughout the experimental investigation. various tests such
as fineness modulus test, consistency test, and initial and final
setting time test will conducted on cement sample in order to
match the requirements of OPC 43 as per IS: 8112-1989.

. Requirement as
Sr. No Properties oer IS code
Standard Consistency
1. - —— -
(using Vicat’s apparatus)
2. Initial Setting Time (min.) > 30 min.
3. Final Setting Time (min.) <600 min.
4, Specific Gravity 3-3.15
Specific Surface Area
5. 2 >2250
(cm™~/g)

Table 1: Physical Properties of OPC 43 Grade Cement
2) Fine Aggregates
Crusher sand will be used as fine aggregate. Sieve analysis
will done to determine the zone of sand as per IS: 383-1970.
Physical properties of sand like specific gravity, water
absorption and fineness modulus will determined.
3) Coarse Aggregates
Crushed aggregates, angular in shape will be used in
experimental work. Grading of coarse aggregate will be done
according to 1S: 383-1970 and nominal size will determined.
4) Crumb Rubber
The rubber tire waste will use in this study will be crumb
rubber. Crumb rubber will be added to the concrete mix at
replacement level of 5, 10, and 15 % by weight of fine
aggregates.
5) Synthetic Resin (Poly vinyl acetate)
Polyvinyl acetate (PVA) based adhesive / emulsion which is
generally made from synthetic resin will be used for the pre-
surface treatment of crumb rubber aggregates. PVA adhesive
is a low cost non-toxic synthetic polymer adhesive which is
often known as wood glue, white glue, carpenter’s glue or
PVA glue”. It is easily available in market and can be handle
safely with bare hands. The purpose of using synthetic resin
is to enhance the interface interaction between cement matrix
and crumb rubber aggregates. The cost of 1 Kg of PVA
adhesive is about Rs 250/ Kg.

B. Testing Of Concrete

The following test procedures will conducted in order to
study and compare the desired properties of crumb rubber
modified concrete at 0 %, 5 %, 10 % and 15 % replacement
level.

1) Workability

Consistency of rubber modified concrete mix groups having
replacement percentage 0 %, 5 %, 10 % and 15 % will
determined by carrying out slump test in accordance to IS:
1199-1959. The equipments used in slump test will frustum
shaped mould (height 30 cm, bottom dia. 20 cm and top dia.
10 cm), measuring scale, tamping rod (60 cm length and 16
c¢cm dia.) and non-porous base plate. First of all, internal
surface of the mould will cleaned and oiled. Mould will then
place on the non-porous base plate, after this, mould will
completely filled with prepared concrete mix in about four
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layers. Each layer will tamped with 25 strokes; excess
concrete will removed with the help of trowel and surface will
be levelled. Then, mould will be removed immediately by
lifting it up slowly in vertical direction. After this, slump will
determined by measuring the difference between the height
of the mould and that of highest point of the specimen mix
being tested.

2) Bulk Density of Concrete Mix

Weight per meter cube of freshly prepared rubber modified
concrete mix for replacement level of 0 %, 5 %, 10 % and 15
% was determined as per 1S: 1199-1959. The equipments
used in this test consist of cylindrical measure of 10 litres
capacity and tamping rod. Cylindrical measure was filled
with freshly prepared concrete mix in layers of; each layer
was approximately 5cm deep. The compaction of each layer
was done with the help of tamping rod by giving 60 strokes
to each layer. Exterior surface of the cylinder was tapped 15
times in order to remove air bubbles. Top layer of concrete
mix was brought in level to the top of cylindrical measure.
Top surface had been levelled and excess concrete from top
and side surfaces of cylindrical measure was cleaned.

3) Compressive Strength Test

For each mix group of treated and untreated rubber modified
concrete, a set of three cubes of 150150150 mm were
prepared for testing at 7 , 28 and 56 days of curing
respectively; this way a total of 63 cubes were casted. The
specimens were tested in Compression testing Machine
(CTM) of capacity 3000 KN. The test strength of rubber
modified concrete samples of different mix groups was taken
as the average strength of three specimens. The load was
applied gradually and increased continuously at a rate of
approximately 140 kg/cm2/min. Maximum load at which
specimen fails and any unusual features in the type of failure
were noted. Testing for compressive strength of control and
rubber modified concrete (treated and untreated) was carried
out as per IS: 516-1959.

4) Split Tensile Strength Test

The split tensile test is used to determine the tensile strength
of concrete. The Cylinders having dimensions 20 cm length
and 10 cm diameter were used to determine the split tensile
strength of treated and un-treated rubber modified concrete.
A total of 42 cylinders were cast for testing at 7, 14 and 28
days curing. Minimum of 3 cylindrical specimens of each mix
group of treated and un- treated rubber modified concrete
were cast for testing at each stage curing. The load is applied
at the uniform rate up to failure of the test sample. The test
strength of concrete samples of different mix groups was
taken as the average strength of three specimens. The test was
carried out as per IS: 5816-1999.

[%. CONCLUSION AND SCOPE OF FUTURE WORK

In the present research study, rubber modified concrete will
made by two different ways:
1) Byreplacing natural fine aggregate in normal concrete of
M 35 grade with untreated crumb waste tyre particles.
2) Byreplacing natural fine aggregate in normal concrete of
M 35 grade with crumb rubber particles treated with
synthetic resin (PVA).
The replacement of fine aggregates in both the cases
will done at 5 %, 10 % and 15 %. Size of crumb rubber will

be varied from 4.75 mm to 0.15 mm. Slump and bulk density
test will conducted on fresh concrete mix groups of untreated
and treated rubber modified concrete. Hardened properties
like compressive and split tensile strength will determined for
both untreated and treated rubber modified concrete.
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