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Crumb Rubber: A sustainable road paving material
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Abstract: In the Present Scenario, the use of automobiles has
increased significantly and due to that the waste or scrap tyres
are also increasing day by day. The waste tyres are classified as
solid waste. The proper disposal of these waste tyres has become
a serious environmental issue as the tyres are manufactured with
synthetic rubber. According to the past records, the scrap tyres
were used as a common additive to bituminous binders which
not only addresses the pavement performance issues but also
tackles the problem of disposal of these tyres. Therefore, In this
study an attempt is made to know what percentage incorporation
of crumb rubber to bitumen upgrade the strength and durability
of the pavement and a comparative study has been done using
both wet process and dry process on semi-dense bituminous
concrete. Efforts are being made to make it a Sustainable road
paving material.

Index terms: Bitumen; crumb rubber; Aggregates; SDBC
Mix

l. INTRODUCTION

Crumb rubber is usually recycled rubber which is obtained
from waste tires. In the recycling process, the steel and the
tire cords are removed and tire rubber is separated. This is
done either mechanically or by using cracker mill. Crumb
rubber is very suitable to be the used as an additive in
pavement because it has thecharacteristic that can support
the weakness of asphalt. It not only enhances the properties
of bitumen but also addresses serious environmental
pollution issues. The basis of this study is to give an overall
idea to students regarding waste disposal and how this waste
disposal problem can be addressed effectively without
harming the environment. Past literatures shows several uses
of crumb rubber with bitumen in different ways like Use in
open graded wearing course[1],,Modification using crumb
rubber and mica[7],Experimental study on partial
replacement of Bitumen with Crumb Rubber[8],Effect of
Used Motor Oil on the Macro and Micromechanical
Properties of Crumb Rubber Modified Asphalt[9], But none
has done a comparative study of dry process and wet
process of bitumen using crumb rubber .The objective here
in this study is to find out exactly what percentage of crumb
rubber addition to bitumen increases the stability values of
pavement and leads to overall improved performance.
Moreover, the use of scrap tires can save the cost for the
maintenance of roadway pavement because crumb rubber is
found to be economical. It is found to be environment
friendly and has better age-resistance properties.
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1. RESEARCH METHODOLOGY

A. Marshall mix design

The mixture was prepared using Marshall Method of
bituminous mix design. The SDBC mix was prepared with
VG-30 bitumen, VG-30 bitumen added with varying
percentages of Crumb Rubber. The materials used in this
process are: Aggregates( Gradation as per SDBC mix),
Bitumen(VG-30) , Crumb rubber and stone dust being used
as filler. The Marshall Stability and flow test provides the
performance prediction measure for the Marshall mix design
method. The aggregate gradation chart as per SDBC is
presented below

Basically the Bituminous mix design aims to find out the
proportion of materials such as coarse aggregates, fine
aggregates , bitumen and filler material to produce a mix
which is strong, workable, durable and economical. The
aggregates should be of good quality and must have
sufficient strength to withstand stresses caused due to heavy
traffic loading.

Nominal 132 mm
Aggregate
Size
Layer 30-40 mm
Thicknezz
IS Sisve Comulative % by weightof ol sgEegste
{mm) paming
Specified limit Adoptad walue
13.2 100 0
05 o0-100 o5
4.75 35-51 43
2136 1430 315
1.18 15-30 25
03 o1z 14
0.0075 3-8 55
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The Different tests on aggregates were performed and the
observed values along with their requirements are presented
in the tabular form below.

Property Test Requirements | Observed
as per table Value
500-16 of
mort&h
specifications
(fifth
revision) ,
2013
Particle Combined Max 35% 27.84%
Shape Flakiness
and
Elongation
Indices

Strength LOS
Angeles Max 30% 22.08%
Abrasion
Value Max 24% 23.56%
Aggregate Max 30% 20.33%
Impact
Value
Crushing
Strength

Water Water Max 2% 0.72%
Absorption | Absorption

Specific Specific 2.7 261
Gravity Gravity

Table 2 : Aggregate Properties

Bitumen is basically a black,very stickyand highly viscous
liquid, found in some natural deposits. It is also obtained by
the by-product of fractional distillation of crude petroleum.
Bitumen is composed of highly condensed polycyclic
aromatic  hydrocarbons, containing 95% carbon and
hydrogen, up to 5% sulphur, 1% nitrogen 1% oxygen and
200ppm metals.In this project work VG30 Bitumen is used.
The different tests were performed for bitumen and the
results are presented below:

Characteristics Requirements Observed Value
as per
IS: SP: 73 - 2013
penetration 50-70 63
Softening pointin | 47 463 Fig. 3: Moulds after Hammering
deg C
Ductility @ 27 deg | 40 85
C (cm)
Specific gravity Min 0.99 1.03

Table.3 : Properties of Bitumen

B. Sample Preparation

In this experimental work bitumen VG-30 was taken in
percentage 4 %,4.5 % ,5 % ,5.5 %, 6 % and 2 specimens
were prepared for each bitumen content and crumb rubber%.
The percentage of crumb rubber was taken as 0 % ,4 %
8% 12 %16  %,20 %.Total number  of
samples=2x5x2x6=120. So 60 Samples were prepared
through Dry Process. And 60 Samples were prepared
through Wet Process. Total 120 samples were prepared in
this experimental work.
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1. RESULT AND DISCUSSION

This chapter deals with the test results and analysis of
Marshall Test carried out in the previous chapter. In this
chapter, VA%, VMA%, VFB% and optimum binder content
has been found out for each bitumen content. Comparative
study of Dry process and Wet process is being done.

Sl. | Properties Bituminous mix with crumb rubber % of bitumen
no
0% 4% 8% 16% | 12% | 20%
1. Marshall 1636 | 1342 | 1426 | 1566 | 1462 | 1284
Stability
2. Flow(mm) | 1636 | 1342 | 1426 | 1566 | 1462 | 1284
3. Bulk 38 3.2 33 35 31 3.0
Density
4. VA(%) 219 | 212 | 216 | 216 | 214 | 214
2 0 0 0 2 0
5. VMA 348 | 352 | 352 |368 | 410 | 381
6. VFB 151 | 147 | 143 | 146 | 143 | 144
0 8 2 6 8 8
769 | 761 | 754 | 748 | 721 | 733
5 8 1 9 0 1

Table.4 :Optimum Binder Content ( Dry Process)
The principle of designing the optimum amount of bitumen
or binder content is to mix sufficient amount of bitumen so
that the aggregates are fully coated with bitumen and the
voids within the bituminous material are sealed up.

The test results for wet process is given below:
Sl. | Properties Bituminous mix with crumb rubber % of bitumen

no

0% 4% 8% 16% | 12% | 20%

1. Marshall

Stability 1543 | 1498 | 1528 | 1690 | 1560 | 1676

2. Flow(mm)
36 34 3.6 3.7 35 33

3. | Bulk
Density 218 | 214 | 216 | 213 | 215 | 214
8 2 8 5 8 6
4. | VA%)
345 | 365 | 378 | 354 | 376 | 3.98
5. | VMA

15.0 | 147 14.5 14.6 14.5 14.6
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6. VFB
754 | 751 | 740 | 757 | 741 | 728
3 7 3 5 0 3

Table.5 :Optimum Binder Content ( Wet Process)

The Requirements of the properties as per MORT&H
Specifications is tabulated below:

Sl.no Properties Requirements
asper
MORT&H
2013

1. Marshall stability Test | 9-12

2. Flow (mm) 2-5

3. Bulk Density -

4. VA(%) 3-5

5. VMA 14-16

6. VFB 60-70

Table.6 : Requirements as per MORT&H
Comparison Graphs Between Two Process:
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v. CONCLUSION

This paper presented the overall effect of crumb rubber on
semi-dense bituminous concrete using both dry process and
wet process. It showed improvement in strength and stability
values are showing an increasing trend till 12percent
addition of rubber content. Addition of 12% crumb rubber to
5% bitumen content gives satisfactory results and can be
used for construction of road pavements. As per the
comparative study of the two processes It can be concluded
that dry process method gives better performance results as
compared to Wet process.Overally waste rubber tyre was
not only economical but it proved to be a sustainable road
paving material.

REFERENCES

1. Moe Aung Lwinl, HandojoDjatiUtomo,“Crumb Rubber Modified
Bitumen in Open Graded Wearing Course of Flexible Pavement”,
Scientific Research, 2017.

2. Ministry of Road Transport & Highways (MORT&H),specifications
for Road & Bridge works.

3. Nimisha P. R.1, Muhammedshahid P. T.2, Krishna priya K. U.3 ,
Muhnis Mohammed4, Raveena Jobbi5, “Experimental Studies on the
Properties of Modified Bituminous Mixes using Crumb-rubber”,
International Research journal of Engineering &
Technology,(IRJET),2018.

4. Srinivasakumar, Textbook of Highway Engineering

5. .Shinde. S. S.1, Waychal. A. A.2, Patil. S. B, “Effect of crumb rubber
in bitumen using Marshall Stability test”, International journal for
Research in Applied Science and Engineering Technology,2016.

6. K. S. Dhivyal, P.Vidhubala2, S. Rajalakshmi3, S.

Viramathithan4,“Improvement of pavement performance using crumb
rubber and recycled glass powder”, International Research journal of
Engineering & Technology,(IRJET),2017.

7. ParmeetSingh, AkashPathania, AbhishekGupta, Deepak Kumar,
Kamalpreet Singh, Devinder

8.  Angurana, Abhishek Sharma, Bhrigu Sharma, Dr. ArvindDewangan,
Er. Khushwace Singh, “Modification of Bitumen (Using crumb
rubber and Mica)”,International Journal of Engineering Research And
Management (IJERM), 2018.

9.  VikramSingh ,“Experimental study on partial replacement of Bitumen
with Crumb Rubber” ,International journal of civil Engineering &
Technology (2017).

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)

Exploring Innovation


http://www.ijitee.org/

International Journal of Innovative Technology and Exploring Engineering (1JITEE)
PEEN Qo)L ISSN: 2278-3075 (Online), Volume-8 Issue-10, August 2019

10. MagdyAbdelrahman, MohyeldinRagab* and Daniel Bergerson,
,“Effect of Used Motor Oil on the Macro and Micromechanical
Properties of Crumb Rubber Modified Asphalt”, International journal
of Waste Resources,2015.

11. BirukYigezu Teferal, Kassa Tadele2, Anteneh
Geremewl,“Evaluation of the Effect of Rubber Modified Bitumen on
Asphalt Performance”, American journal of civil Engineering,Science
Publishing Group,2018.

12. Kumar Praveen, Mehndiratta H. C, And K. Singh Lakshman,
"Comparative Study Of Rheological Behavior Of Modified
Bitumen",Journal Of Materials In Civil Engineering, 2010: 978-984 .

13. Rahul R G, Nidhin G. Raj, Nadhiya F M, Hima Mohan, Athira K S,
GoutamDivakarSanthish, , “Effect of crumb rubber on Asphalt
mixture performance,”International journal of Science Engineering
and Technology”,2016.

14. 13.Veena Venudharan",Effect of crumb rubber gradation on asphalt
binder modification: rheological evaluation, optimization and
selection”,Materials and structures,2017..

15. V.Venudharan.,K.P.Biligiri, “Study on Recovery Behaviour of Crumb
Rubber Modified Asphalt Binders”,12th International Conference on
Transportation Planning and Implementation Methodologies for
Developing Countries, Mumbai, India, 2016.

16. V.Venudharan.,K.P.Biligiri, “Investigation on creep and recovery
behavior of Rubber Modified Asphalt Binders”, Conference on

Sustainable Asphalt Pavement for Developing Countries
(CONSAP), 2016

AUTHORS PROFILE

Minati Mohanty, She has completed 10™ and 12t from

kendriya Vidyalaya No:1, Unit-1X, Bhubaneswar. Her
Graduation is been completed from Orissa
engineering college in the year 2013. Her Masters is
been completed in the year 2017 from IGIT Sarang,
Talcher, Odisha.The author is presently working in
centurion university of technology and management,
Bhubaneswar Campus since the last 5 years. Published
a journal on “Effect of crumb rubber on semi-dense Bituminous concrete”
in International journal of advanced research in Engineering &
Management (IJAREM), Volume 3, Issue-9, 2017. She is having
membership in International Society of Research and Development .

Sagarika Panda has completed her Bachelors degree
from Orissa engineering college in the year 2010. Her
Masters has been completed in the year 2012 from
College of Engineering and Technology, Bhubaneswar
Odisha. The author is presently working as an Assistant
Professor in centurion university of technology and
management, Bhubaneswar Campus since the last 6
years. She has published 4 papers in materials. She has presented 3 papers
in various International conferences. She has attended 6 FDPs and various
National seminars on utilization of solid wastes in various construction
work. She is having membership in International Society of Research and
Development .

Retrieval Number: J96220881019/19©BEIESP Published By: o
DOI: 10.35940/ijitee.]9622.0881019 Blue Eyes Intelligence Engineering
Journal Website: www.ijitee.org and Sciences Publication (BEIESP)

3092 © Copyright: All rights reserved. Py ey


https://www.openaccess.nl/en/open-publications
http://www.ijitee.org/

