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Abstract— The growth rate of vehicles is the   backbone of 

economic development of any country. India is the second 

fast growing automobile industry in the world. In today’s era 

solid waste management is the thrust area. It is estimated that 

60% waste tyre are disposed in different routes in the urban 

as well as rural area. Waste tyre are categorized as solid or 

hazardous waste this leads to create various problems on 

human beings as well as aquatic life. Due to its burning and 

dumping the tyre in sea shore. On the other side, the traffic 

intensity is also increasing. As a result amount of waste tyre 

is also increasing. The increase in consumption of waste tyre 

has generated many problems such as increase in landfill 

space, environmental pollution and causing health hazards. 

Parallel to this is the increasing of roads construction as a 

result of heavy traffic on road. This study reviews to use the 

crumb rubber (waste tyres in powder form) in bitumen. The 

study focuses on the crumb rubber as a replacement to the 

total weight of bitumen. The design or life span for all 

highways and urban roads is 10-20 years. Unfortunately, 

damages distresses on pavements are still occurring before 

reaching the maximum period of the design serviceability. 

Among the major influencing factor that is contributing to the 

distress is the repeated heavy traffic loading on the road 

surfaces. Moreover, the use of waste crumb rubber in road 

construction as a pavement surface as a better skid resistance, 

fatigue crack resistance and increases rut resistance. The 

review includes physical test that are used to determine the 

physical properties of bitumen and modified crumb rubber 

mix. The physical tests involves penetration test, ductility 

test, softening point test, specific gravity. The expectations 

from the study are to develop bitumen with waste crumb 

rubber that would minimize the cost as well waste rubber up 

to some extent. And providing better physical properties 

compare to the convention bitumen based on the tests that 

was conducted. 
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I. INTRODUCTION 

The change in expectations for everyday comforts of the 

general population the utilization of two wheelers and four 

wheelers has expanded day by day giving ascent in vehicular 

density on roads. As vehicles are utilized as often as possible 

the wear and tear of tyres are more, this results decreases the 

life of tyres and finally it become useless. The dumping of the 

tyres has become a major issue, it is non-biodegradable in 

nature causes environmental issue. Crumb rubber is made by 

shredding of scrap tyre which is specific material free from 

fibre and steel the rubber particle is graded and found in 

numerous size and shapes. Crumb rubber are user friendly not 

eco-friendly. These waste are disposed either by landfilling 

or incineration as shown in the figure (1&2) both the process 

are certain impact to the environment. The hazardous waste 

tyre include air contamination associated with open burning 

of tyres particular smell, visual effect and other unsafe 

contaminant such as polycyclic hydrocarbon. 

 It is necessary to find the way for safe disposal of 

the waste material, recycling is the common solution for the 

disposal problem. The recent development in technologies 

and research have been proving there are several successful 

ways to reuse the waste materials one of the best arrangement 

being utilization of waste material into the construction of 

road the utilization of crumb rubber in bituminous mix helps 

accomplish better execution of wearing courses, lower 

temperature susceptibility, higher resistance to deformation, 

better age resistance properties, higher fatigue life, better 

adhesion between aggregate and bitumen, reducing cracking 

and reflection cracking[11] , reduced traffic noise on the 

study carried out by united states and India the rubber asphalt 

road can reduced the noise from 4 decibels to 10 decibels so 

that it is better to application on roads 

A. General  

Definition of Rubber crumb: Crumb rubber is recycled rubber 

produced from automobiles and truck scraped tires. During 

the recycling process of these rubber crumb, steel and tire 

cord (fluff) are removed, and tire rubber are produced with a 

granular consistency. 

 Definition of Bitumen: Bitumen is defined as a 

virtually involatile, adhesive, and waterproofing material 

derived from crude oil, or  present in natural asphalt, which is 

completely  or  nearly  completely  soluble  in toluene,  and 

very  viscous  or  nearly  solid  at  ambient temperatures. 

B. Applications of Rubber Waste  

 Waste tyre rubber chips find application in geotechnical 

due to its low density and high shear strength. Tyre chips 

can be used with sand as a lightweight geomaterial for 

embankments or as backfill against retaining walls.These 

tyre chips are also cheaper as compared to other fill 

materials. 

 Waste tyre rubber can be used as a shock absorber and 

earthquake shock-wave absorber in the building.It 

reduces plastic shrinkage cracking and reducing the 

vulnerability of concrete to catastrophic failure. Waste 

tyre rubber can also be used as sound absorber in sound 

barriers. 

 The use of waste tyre rubber in ground surface enhances 

its drainage capability and durability. 

 Shredded waste tyres can be used as fillers in roads, 

railway and construction developments. Finely shredded 

waste tyres can also be used as mulch (protective cover) 

which is long lasting and non-leachable. 

 Colored rubber mulches are use in gardens and parks. 

 Waste tyre can be used as an alternative fuel in cement 

industry to burn the cement kilns. 

 Waste Tyre Rubber is also used in Concrete. 

 Waste rubber is used in bituminous road construction. 

C. Sources of Generation of Crumb rubber:   

Crumb rubber is manufactured from two primary feedstock: 

tire buffing (shredded rubber), a byproduct of tire retreading 
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and scrap tire rubber. On average, 10 to 12 pounds of crumb 

rubber can be derived from one passenger tire. 

D. Advantages of Using Crumb Rubber Modified Bitumen: 

 Higher resistance to deformation under increased road 

temperature improves smoothness to drive.  

 Improved adhesion property and bonding nature with 

aggregates, higher softening point, High flow resistance 

and higher resistance to impact, withstanding heavy 

traffic.  

 High skid resistance, better road grip and smoothness in 

pavement during vehicle break application, which 

reduces road accident.  

 Higher elongation and tensile strength, increases 

Elasticity. Reduction in thermal sensitivity, which avoids 

cracks caused under stress.  

 Reduced degree of rutting, improves driving comforts 

even on higher axle loads. 

 High resistance to moisture or water absorption hence 

there is no damage to roads during rain and improper 

drainage 

 
Fig. 1.1: 

E. Problem Statement 

 Annually over 15 million waste tyres are generated India. 

This waste will create environmental and health hazards. 

 To tackle this problem, we can use the crumb rubber in 

various ways. We are using crumb rubber mixed with 

bitumen to make flexible pavement. 

 Overall, using the crumb rubber in bituminous mixture 

helps to: 

1) Utilization of crumb rubber waste.  

2) Reduction in the use of bitumen by around 10%. 

3) Increase in the strength and performance of the road. 

4) Provide better adhesion between the asphalt and the 

aggregate 

5) Reduce the cost.  

F. Objectives: 

 To study the properties of materials used i.e. aggregates 

and bitumen. 

 To design crumb rubber modified bituminous mix. 

 To test stability value & flow value for different 

percentages of crumb rubber. 

 To compare results with standard specimen 

 The large scale use of such materials will help in 

conserving the ecological balances. 

G. Materials: 

In this study, materials used are: 

 Bitumen 

 Crumb Rubber 

 Aggregates 

II. LITERATURE REVIEW 

Minati Mohanty, Sagarika Panda [2019]: This paper showed 

improvement in strength and stability value are showing an 

increasing trend till 12% addition of rubber content.  Overall 

waste rubber tyre was not only economical but it proved to be 

a sustainable road paving material. 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. 

 Gautam Bir Singh Tamrakar, Prasanna Humagain, 

Pushpa Lal Homagai[2017]: The paper investigates the 

experimental performance of bitumen modified with various 

percentage (6 to 14%) by weight of crumb rubber using the 

wet process. Marshall Test is used for the mixed design and 

other common laboratories test such as softening point, 

penetration and ductility test are used to investigate properties 

of modified bitumen. The penetration and ductility values 

goes on decreasing with increase in crumb rubber content 

whereas the softening point increases. With increase in crumb 

rubber content, the softening point is found to be increased. 

Hence high percentages of crumb rubber should be used in 

areas with higher average temperature. The penetration 

shows lower value as crumb rubber content increases which 

signifies that the binder becomes more stiff and viscous by 

use of crumb rubber.The Marshall Stability increases which 

indicates that rubber-bitumen reaction enhances the strength 

of bituminous mix, decreases air voids and provides durable 

flexible pavements. The value of optimum rubber content is 

8% on basis of IRC considerations.  

III. METHODOLOGY 

A methodology based on technically sound information will 

have to be formulated before collecting the data and its 

analysis. The various stages are presented below.  

1) Stage 1: Collection of materials such as Bitumen 

(VG30), Aggregate, fine aggregate, filler, Crumb rubber  

2) Stage 2: Test on aggregate such as Abrasion test, Impact 

test, Crushing test  

3) Stage 3: Test on Bitumen such as Penetration test, 

Softening point values, Ductility test, Specific gravity 

test. 

4) Stage 4: Mixing of crumb rubber, and bitumen to check 

the properties of crumb rubber modified bitumen  

5) Stage 5: Mixing of crumb rubber, Aggregate, Filler and 

Bitumen by dry process 

6) Stage 6: Test on Crumb rubber modified bitumen to 

check stability of bituminous mix of various size of 

crumb rubber by Marshall Stability test 
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A. Results on Aggregates: 

SR. NO. TESTS RESULTS 

1 Impact value 22.5 

2 Crushing value 25.63 

3 
Los Angeles 

Abrasion Value 
29 

Table 3.1: 

B. Results on Bitumen:  

SR. NO. TESTS RESULTS 

1 Penetration Test 53 

2 Ductility Test (cm) 100 

3 Softening Point Test  (℃) 49.40 

4 Specific Gravity 1.01 

Table 3.2: 

IV. EXPERIMENTAL INVESTIGATIONS     

A. Marshall Stability Test: 

Preparation of Test Specimen: 

1) 1200 grams of aggregates blended in the desired 

proportions is measured and heated in the oven to the 

mixing temperature. 

2) Bitumen is added at the mixing temperature to produce 

viscosity of 170 ± centi-stokes at various percentages. 

3) The materials are mixed in a heated pan with heated 

mixing tools. 

4) The mixture is returned to the oven and reheated to the 

compacting temperature (to produce viscosity of 280±30 

centi-stokes).  

5) The mixture is then placed in a heated Marshall mould 

with a collar and base and the mixture is spaded around 

the sides of the mould. A filter paper is placed under the 

sample and on top of the sample. 

6) The mould is placed in the Marshall Compaction 

pedestal. 

7) The material is compacted with 75 blows of the hammer 

(or as specified), and the sample is inverted and 

compacted in the the other face with same number of 

blows. 

8) After compaction, the mould is inverted. With collar on 

the bottom, the base is removed and the sample is 

extracted by pushing it out the extractor.  

9) The sample is allowed to stand for the few hours to cool.  

10) The mass of the sample in air and when submerged is 

used to measure the density of specimen, so as to allow, 

calculation of the void properties. 

B. Procedure: 

1) Specimens are heated to 60 ±1oC either in a water bath 

for 30-40 minutes or in an oven for minimum of 2 hours. 

2) The specimens are removed from the water bath or oven 

and place in lower segment of the breaking head. The 

upper segment of the breaking head of the specimen is 

placed in position and the complete assembly is placed 

in position on the testing machine. 

3) The flow meter is placed over one of the post and is 

adjusted to read zero. 

4) Load is applied at a rate of 50 mm per minute until the 

maximum load reading is obtained. 

5) The maximum load reading in Newton is observed. At 

the same instant the flow as recorded on the flow meter 

in units of mm was also noted. 

Marshall Test Results with addition of Crumb Rubber Waste: 

% of Crumb 

Rubber 

Marshall Stability 

(KN) 

Flow Value 

(mm) 

0 12.426 3.633 

2 12.403 3.533 

4 12.511 3.580 

6 13.063 3.803 

8 12.516 4.173 

Table 4.1: 

 
Graph 1: Variation of Stability by varying % of crumb 

rubber 

 
Graph 2: Variation of flow by varying % of crumb rubber 

V. DISCUSSION ON RESULTS 

The sample used in the project is VG-30 Grade Bitumen, the 

aggregates used are of sizes 20mm, 10mm, 8mm, crush sand 

and filler and crumb rubber. The sample was prepared and 

Marshall Stability Test was conducted. Fifteen Marshall 

Stability moulds were prepared, three without mixing rubber 

with mixture & other twelve at a varying percentage of waste 

rubber tyre (2%,4%.6%&8%). 

 When Marshall Stability Test was conducted, it was 

observed that the stability value at 6% increases and if we 

further increase the percentage of rubber waste the stability 

value decreases. When percentage of rubber was added above 

6% the flow value also exceed its limit.  

 Therefore, to reuse the waste rubber & also to 

increase the properties of Modified Bitumen, rubber waste 

can be added up to certain specified percentage. 

VI. CONCLUSION 

It can be concluded that the addition of crumb rubber waste 

generally improve properties of bituminous mix. Crumb 
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rubber powder mixed with the bitumen showed the 

improvement in Stability value and flow value with the 

addition of tyre content up to 6% in grade VG-30 bitumen and 

there onwards decreases with increase in tyre powder content. 

This solves the problem of disposal of crumb rubber waste up 

to certain extent. 
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