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Abstract— The utilization of Crumb Rubber i.e. the rubber 

obtained from the waste tires of vehicles in the construction 

of flexible pavement is gaining importance day by day. It is 

also significance mentioning that, the modifier raw-material 

has been sourced from disposed crumb rubber. This not only 

allows us to collect modifier raw material at very low cost, 

but also provides a solution towards ecological menace posed 

by increased use of rubber. In the present study, an attempt 

has been made to use Crumb Rubber, blended using wet 

process. Marshal method of Bituminous mix design was 

carried out for varying percentages i.e. 8%, 10%, 12% and 

14%  of Crumb Rubber to determine the different mix design 

characteristics. The Dense Bituminous Macadam (DBM) mix 

was prepared using Marshall Method of bituminous mix 

design. The DBM was prepared with conventional VG-30 

grade bitumen, VG10 grade bitumen added with varying 

percentages of Crumb Rubber. Marshall’s mix design was 

carried out by changing the modified bitumen content at 

constant optimum rubber content and subsequent tests have 

been performed to determine the different mix design 

characteristics and for conventional bitumen (VG-30). This 

has resulted in much improved characteristics when 

compared with straight run bitumen and improve the strength 

of the pavement Modified Bitumen is one of the important 

construction materials for construction of flexible pavements. 

Keywords: Region of Interest, AdaBoost, Decision Tree, 

Entropy Estimation 

I. INTRODUCTION 

A. Background 

The increased Road Traffic during the last two decades along 

with inadequate maintenance inputs caused an accelerated 

deterioration of road structures. To counter these mechanisms 

several types of measures are found effective. These include 

super pave and the use of modified/ multi-grade bitumen in 

structure layers. They are very beneficial not only for the 

environment but also to increase the strength of pavement and 

money saving. As it is estimated that about 60% of waste tyre 

causes land pollution in both urban and rural areas and per 

capita land is decreasing in India due to this hazardous waste, 

it is either land filled or incinerated which cause land and air 

pollution if this waste is mixed in to bitumen to improve the 

quality of road it would prove itself as an eco-friendly 

characteristics. 

B. Waste Scenario: 

The consumption of plastics have increased from5000 

tons/annum to 4 million tons/annum and it is expected to rise 

12 million tons/ annum during the year 2013. Once used 

plastic materials are grown out, they do not undergo bio-

decomposition. Hence, they are either land filled or 

incinerated. Waste tyres in India are categorized as solid 

waste or hazardous waste. The hazards of waste tyres include 

air pollution associated with open burning of tyres, aesthetic 

pollution caused by waste tyres stockpiles and illegal waste 

tyre collecting and other impacts such as alterations in 

hydrological regimes when gullies and water course becomes 

waste site. 

C. Purpose of Flexible Pavement 

1) Smooth surface to provide comfort to road users even at 

high speed. 

2) Structurally strong to withstand all types of stresses 

imposed upon it. 

3) Provides a Stable & even surface for traffic movement. 

4) Dust proof surface so that traffic safety is not impaired 

by reducing visibility 

5) Adequate coefficient of friction to prevent skidding of 

vehicles. 

6) Joint-less smooth surface. 

7) Lesser life cycle cost. 

8) Possibility of quick repair. 

9) Bituminous material recyclability. 

10) Lower noise level from vehicle-tires interaction etc. 

11) Sufficient thickness to distribute the wheel load stresses 

to a safe value on the sub-grade soil 

D. General Problem in Conventional Bitumen VG-30 

1) The Road is lesser durable and more expensive. 

2) The reflective cracks develop in temperature variation 

under traffic load. 

3) The Lesser resistance to wear and tear. 

4) Higher Penetration there by making softer grade of 

asphalt, giving lesser strength to the road and increase 

water damage 

5) Less durable for undulations, rutting, bleeding and 

potholes problems. These are the major problem in 

convention bitumen so we need to improve the properties 

of Conventional bitumen by the help of modifiers.  

E. Bitumen 

Is the heaviest material obtained from the fractional 

distillation process of crude oil? It is Black or Brown in 

colour and possess water proofing & adhesive properties. 

Bitumen is manufactured from crude oil. 

F. Grade of Bitumen 

Material is further treated and blended to make different 

grades of paving grade bitumen. Bitumen VG-10, VG-20, 

VG-30 and VG-40 and meets IS 73-2006 specification. 

G. Crumb Rubber Modified Bitumen and Advantages 

Normally, the tire rubber is ground to a particulate or crumb 

earlier to adding it to bitumen. This form of the tire rubber is 

called Crumb Rubber Modifier When CRM is added to 

bitumen, the resulting product is called Crumb Rubber 
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Modified Bitumen (CRMB). In the United States CRMB is 

simply called Asphalt-Rubber (AR). Bitumen CRMB-50, 

CRMB-55 and CRMB -60and meets IRC-SP-53-2002 

specification. 

H. Properties  

 Advantages 

1) High resistance to deformation at increase in road 

temp. Smooth driving 

2) Improved adhesion & bonding with aggregates 

Increase in life 

3) Higher softening point Indicates melting temp. 

4) High flow resistance & higher impact resistance 

takes heavy vehicular traffic 

5) Higher elongation & tensile strength Increase 

elasticity & avoids Cracking. 

6) Reduce degree of rutting Even on high axle-load. 

7) Anti-stripping properties Resistance to moisture so 

no damage during rains. 

8) Higher aging resistance No oxidation due to anti-

Oxidant properties 

9) No effect of temp. variation Increases renewal cycle 

I. Source of Crumb Rubber 

It is basically powdered rubber from discarded tyres. Tyre 

rubber is a combination of (i) Natural rubber (2) SBS Polymer 

(3) Antioxidants (4) Cross -Linking Polymers and (5) Ultra 

violet inhibitors. Truck tires contain 80 per cent more rubber 

hydrocarbons than automobile tires and also contain 

significantly higher amounts of natural rubber 20 per cent. 

Whole truck tire contains 18 per cent natural rubber compared 

to 9 per cent in an automobile tire and 2 per cent in tire treads. 

The quantity of natural rubber has exposed to influence the 

properties of CRMB significantly. Each lot of crumb rubber 

may have different chemical composition depending on the 

source (truck tires or automobile tires or mixture of both) and, 

therefore, when combined with the same source of bitumen 

may give different time versus viscosity curve. 

J. Method of Producing Crumb Rubber 

There are basically four methods of processing scrap tire 

rubber into crumb rubber.  

 Cracker Mill Process: 

In this procedure the scrap tire is tore apart, falling the size of 

the rubber by passing the material between the rotating 

corrugated steel drums. The tearing action is achieved by the 

spacing between the pair of drums and the differential speeds 

of the drums. The process is performed at ambient 

temperature and requires that the scrap tire be preprocessed. 

By shredding 

 Granulator Process: 

The granulator process shears apart the scrap tire rubber, 

cutting the rubber with revolving steel plates that pass at close 

tolerance this process is/performed at ambient temperatures 

and can accommodate any form of scrap tire rubber, 

including the whole tires. 

 Micro Mill Process: 

In this process the crumb rubber is further reduced in size to 

a very fine ground particle the micro-mill process mixes 

crumb rubber with water to make a rubber slurry the slurry is 

forced between rotating abrasive disc which reduce the 

rubber crumb to a smaller size. 

 Cryogenic Process: 

This process reduces the temperature of scrap tire rubber by 

submerging it in a bath of liquid nitrogen. The brittle rubber 

is then crushed to the desired particle size although this 

technique has been successfully demonstrated, it is too costly 

for full scale production at this time. 

II. LITERATURE REVIEW 

A. General 

Conventional bituminous materials performed their function 

satisfactorily in most of the of the pavements. However, 

existing highway systems have been dealing with increased 

traffic volume, higher axle load and tyre pressure and extreme 

environmental impacts. The situation is apparent since the 

last three decades, that the pavement has been facing more 

demands than before resulting in the need for an enhancement 

in the properties of bituminous materials. In order to find 

solution of economy in construction of road on flexible 

pavement investigation. In this regard aim to improve the 

strength of bituminous concrete. Many researches were 

carried out by many scholars and professors of civil 

engineering in this field, to find the ways and crumb rubber 

mix in conventional bitumen to improve in engineering 

properties of bitumen. 

1) Dongliang Hu, Jianzhong Pei, Rui Li, Jiupeng Zhang, 

Yanshun Jia, Zepeng FanFrontiers of Structural and Civil 

Engineering 14 (1), 109-122, 2020The thermodynamic 

property of asphalt binder is changed by the addition of 

crumb rubber, which in turn influences the self-healing 

property as well as the cohesion and adhesion within the 

asphalt-aggregate system. This study investigated the 

self-healing and interface properties of crumb rubber 

modified asphalt (CRMA) using thermodynamic 

parameters based on the molecular simulation approach. 

The molecular models of CRMA were built with 

representative structures of the virgin asphalt and the 

crumb rubber. The aggregate was represented by SiO2 

and Al2O3 crystals. The self-healing capability was 

evaluated with the thermodynamic parameter wetting 

time, work of cohesion and diffusivity. The interface 

properties were evaluated by characterizing the adhesion 

capability, the debonding potential and the moisture 

susceptibility of the asphalt-aggregate interface. The 

self-healing capability of CRMA is found to decrease as 

the rubber content increases. The asphalt-Al2O3 

interface with higher rubber content has stronger 

adhesion and moisture stability. But the influence of 

crumb rubber on the interfacial properties of asphalt-

SiO2 interface has no statistical significance. Comparing 

with the interfacial properties of the asphalt-SiO2 

interface, the asphalt-Al2O3 interface is found to have a 

stronger adhesion but a worse moisture susceptibility for 

its enormous thermodynamic potential for water to 

displace the asphalt binder. 

2) Nuha S. Mashaan(2012),In his study explained the 

utilization of crumb rubber modifier in the asphalt 

modification of the flexible pavement. From the results 

of earlier researches and study, it seeks to consider CRM 
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(crumb rubber modifier) in hot mix asphalt to improve 

resistance to rutting and produce pavement with better 

durability by minimizing the distresses caused in hot mix 

asphalt pavement. Hence, road user would be ensured of 

safer and smoother roads. 

3) Satya kumar M. and Surya S. Nair (2011),An ideal 

modifier should be resistant to increase multiple types of 

distresses. Pavements constructed with Crumb Rubber 

Modified Bitumen (CRMB) are more resistant to fatigue; 

thermal cracking, rutting and stripping than neat bitumen 

over wider range temperature. The size of alteration 

depends on the nature of the base bitumen and afterward 

the compatibility of the bitumen-modifier scheme. It was 

reported that the visco elastic properties of bituminous 

mixes are considerably improved by the addition of 

crumb rubber. These properties of binder depend on 

temperature, bitumen grade and modifier content The 

Shear Modulus and dynamic viscosity increases with the 

increase in modifier content and decreases with the 

increase in temperature. Temperature vulnerability of the 

modified binder is lesser than that of the neat bitumen 

i.e., increase in the % of modifier decreases the 

temperature vulnerability. The rheological behavior of 

the CRMB is not very consistent due to the requirement 

of continuous stirring during storage, transportation and 

mixing. The phase separation during storage or 

application, if not addressed, may result in a poorly 

performing pavement. Hence, CRMB should be 

consumed within a specified number of hours after 

production. 

4) Rupam Gogoi, Krishna Prapoorna Biligiri, Narayan 

Chandra Das Materials and Structures 49 (9), 3479-3493, 

2016 One of the very popular techniques of improving 

asphalt pavement performance is the use of rubber 

materials as modifiers in the mix. Although rubber 

modification of asphalt binder has been found to be a 

promising technique towards improving the performance 

of asphalt mixtures, an insight impact of locally available 

rubber materials on asphalt mix performance is yet a 

research problem. Thus, it is important to investigate the 

effect of locally available rubber-modifiers on asphalt 

mixes chiefly to be able to prescribe and recommend the 

optimal percent of rubber materials in the preparation of 

durable rubber-modified asphalt mixtures. Thus, the 

main objective of this study was to investigate the 

performance of rubber-modified asphalt mixtures, and 

help recommend the optimal dosage of rubber materials 

in the asphalt mix to be able to use locally available 

rubber products in durable asphalt roads. Asphalt 

mixtures with gap-graded gradation and varying rubber 

dosages namely 10, 15, and 20 % were manufactured. 

Fatigue life estimations indicated that 15 % rubber by 

weight of the base binder provided excellent fatigue 

performance. Also, rubber-modified asphalt mixture 

materials produced lower accumulated strain than the 

conventional mix due to enhanced endurance properties 

of the rubber-modification. Although 10 % rubber 

dosage was found to be higher rut-resistant, 15 % rubber 

composite material was recommended mainly to have a 

common ground to counter fatigue and rutting distresses 

simultaneously. Thus, this study showed that locally 

available rubber materials are very promising candidates 

to serve as alternatives to the commercially available 

modified binders used in asphalt roads. 

III. METHODOLOGY OF WORK 

A. General 

Detailed laboratory experiments were conducted on all the 

aggregate, conventional bitumen (VG30) and Crumb rubber 

modified bitumen to find out the individual properties of the 

materials i.e. Impact, shape test, and Penetration, Softening 

point, specific gravity, Ductility. Using the marshal Mix 

design characterization of conventional bituminous mix (VG-

30) for Dense Bituminous Macadam were carried out and 

comparison was made for conventional bitumen VG-10 

mixed with Crumb rubber and prepared CRMB-60 (i.e., 

Crumb rubber modified bitumen). Finally detailed analysis 

was carried out for development of strength for flexible 

pavement. Comparative assessment was made between 

conventional bituminous mix with VG-30 and Crumb rubber 

modified bituminous mix with CRMB-60 for Dense 

Bituminous Macadam. 

B. Physical Requirements for Course Aggregate for Dense 

Bituminous Macadam (D.B.M.) 

 Sieve Analysis of Aggregate 

The sieve analysis test helps to determine the particle size 

distribution (PSD) of the coarse and fine aggregates. This is 

completed by sieving the aggregates as per Indian Standard 

Code IS: 2386 (Part 1) - 1963.  

i) A set of IS Sieves of sizes – 80mm, 63mm, 50mm, 

40mm,31.5mm, 25mm, 20mm, 16mm,12.5mm, 10mm, 

6.3mm,4.75mm, 3.35mm, 2.36mm, 1.18mm, 600um, 300um, 

150um and75um and balance or scale with an accuracy to 

measure 0.1 percent of the weight of the test sample. 

 Aggregate Impact Test 

This experimental test is done to determine the aggregate 

impact value (AIV) of coarse aggregates as per IS: 2386(Part 

IV) - 1963.A AIV test designed to evaluate the toughness of 

the stone i.e. the resistance of the stones to the fracture 

beneath repeated impacts may be called an impacted test for 

road stones. 

 IS Sieves of sizes – 12.5mm,10mm and 2.36mm, A 

cylindrical metal measure of 75 mm dia. and 50mm depth, A 

tamping rod of 10mm circular cross section and 230mm 

length, rounded at one end, Oven capable of maintain 

constant temperature between 100 to 110°C and a balance of 

capacity about 500 gm to weight accurate to 0.1 gm. 

 Specific Gravity and Water Absorption of Aggregate 

Tests 

The specific gravity (SG) of an aggregate is considered to be 

a measure of strength or quality of the material. The aggregate 

which have low specific gravity (SG) are normally less than 

those with higher specific gravity standards. The specific 

gravity test facilitates in the identification of stone. Water 

absorption gives an idea of rock. The stone which absorb 

more water are more porous in the nature and are generally 

considered as inappropriate except they are found to be 

acceptable based on the strength, impact and hardness tests. 

 In this test dry soft absorbent cloth - 75cm x 45cm 

(2 nos.), Shallow tray of minimum 650 sq.cm.area, Air-tight 



Experimental Study of Design Parameters of Structural Layer on Flexible Pavement Using Crumb Rubber Modified Bitumen 

 (IJSRD/Vol. 9/Issue 05/2021/012) 

 

 All rights reserved by www.ijsrd.com 39 

container of a capacity similar to the basket, Oven capable of 

maintain constant temperature between 100 °C to 110°C and 

a balance of capacity about 3 kg to weight accurate to0.5gm. 

 Flakiness & Elongation Index Test of Aggregate 

The constituent part of aggregate shape of the aggregates is 

determined by the % of elongated and flaky particles 

contained in it. In case of gravel it’s decided by its angularity 

number. For the base course material and the construction of 

the flexible pavement or bituminous road, the presences of 

elongated and flaky particles are considered objectionable as 

they may naturally weaken with possibilities of breaking 

down under heavy loading condition. 

 The flakiness index test apparatus consists of a 

standard thickness gauge, of IS sieves 63 mm, 50 mm, 40 

mm, 31.5 mm,25 mm,20 mm,16 mm,12.5mm,10 mm and 

6.3mm and balance to weigh the aggregates. 

 The elongation test apparatus consists of a standard 

length gauge, IS sieves 63 mm, 50 mm, 40 mm, 31.5 mm, 25 

mm, 20 mm,16 mm, 12.5 mm,10 mm and 6.3mm and balance 

to weigh the aggregates. 

C. Physical Requirement of Bitumen Test for D.B.M. 

 Specific Gravity of Bitumen 

This test is performed to determine the specific gravity of the 

semisolid bitumen road tars, anthracite oil and creosote as per 

Indian Standard code IS: 1202 - 1978. The basic principle is 

that it’s the ratio of mass of a given volume of the bitumen to 

the mass of an equal volume of water both taken at a recorded 

and specified temperature. 

 Penetration of Bitumen 

The penetration value of the bitumen binder material is a 

measurement of the softness or hardness which demonstrates 

an effect by adding up the crumb rubber (CR) to the 

bituminous binding material it reduces as the rubber content 

is increased in the mixture. This test is performed to establish 

the penetration level of bitumen as per the Indian Standard 

code i.e. IS: 1203 - 1978. The law is with the aim of the 

penetration of a bituminous material is the distance in 10th of 

mm, that a standard needle would penetrate vertically into a 

sample of the material under standard conditions of load, 

temperature and time. The equipment required to determine 

the penetration of bitumen is Penetrometer, Water bath and 

thermometer - Range from 0 to 44°C, with Graduation 0.2°C. 

 Softening Point Of Bitumen 

The viscosity of a material refers to the fluid property of the 

bitumen and it’s a gauge of flow resistance, the potential of 

the resulting paving mixtures. This test is performed to 

establish the softening point of asphaltic bitumen, fluxed 

native asphalt, road tar and coal tar pitch bitumen as per the 

Indian Standard code IS: 1205 - 1978. The theory behind this 

test is that the softening point is the temperature at which the 

material attains a particular degree of softening of material 

under the particular condition of the test. Ring and ball 

apparatus and Thermometer - Low Range -2 to 80°C, 

Graduation 0.2°C - High Rang:- 30 °C to 200°C, with 

Graduation 0.5°C. 

 Ductility of Bitumen 

The ductility test is performed to find out the ductility of the 

distillation residue of blown type bitumen, cutback bitumen 

and other types of bituminous products as per the Indian 

Standard code IS: 1208 – 1978. The concept of this test 

procedure is the ductility of a bituminous material is 

measured by the distance in centimeter to which it will 

elongate before breaking when a standard briquette specimen 

of the material is pulled apart at a specified rate and at a 

specified temperature. The equipment required to perform 

this test is Standard mould, Water bath arrangement, Testing 

machine and Thermometer - Range from 0 °C to 44°C, with 

Graduation 0.2°C. 

 Elastic Recovery of CRMB-60 

The elastic recovery of a material is a property that posses the 

quality of the polymer components in the bitumen binders 

accomplished from its research study, which the elastic 

recovery of rubberized bitumen binding materials leads to an 

increase as the percentage (%) of the rubber particle size 

decreases. Modified bitumen binders showed significant 

enhancement on the elastic recovery Prepare three test 

specimen for one sample and condition as prescribed in test 

Method IRC:SP:53-2002 at specified temperature. Elongate 

the specimen at the specified rate to a deformation 10 cm at 

rate of 5 cm /minute at specified temperature. Immediately 

cut the test specimen in to two halves at the midpoint using 

the scissors. Keep the test specimen in the water bath in the 

water bath in an undisturbed condition for 1 hour specified 

temperature. After the one hour time period move the 

elongated half of the specimen back into position near the 

fixed half of the specimen so that the two pieces of modified 

bitumen just touch. Record the length of the recombined 

specimen. 

 Marshall Stability of Bitumen Mixture 

This test is done to determine the Marshall stability of 

bituminous mixture as per ASTM D 1559. 

 The basic principle of this test is that the Marshall 

Stability is the resistance to the plastic flow of cylindrical 

specimens of a bituminous mix loaded on the lateral surface 

of the specimen. It’s the load carrying capacity of the mixture 

at 60°C temperature and is measured in the kg. 

 The apparatus needed to determine Marshall 

Stability of bituminous mixture is 

1) Marshall stability apparatus 

2) Balance and water bath 

 From the Marshall’s stability graph, select the 

extents of coarse aggregates, fine aggregates and of the filler 

material in such a way, so as to accomplish the required 

specification. The total weight of the mixture should be 

1200gms. 

IV. EXPERIMENTAL WORK 

A. General 

The Dense Bituminous Macadam (DBM) mix was prepared 

using Marshall Method of bituminous mix design. The 

D.B.M. was prepared with conventional VG-30 grade 

bitumen, VG10 grade bitumen added with varying 

percentages of Crumb Rubber. The details of the 

experimental programme are as follows. 

B. Sample Preparation for Bituminous Concrete 

 Aggregate 

According to MORT&H specification, aggregate for BC is 

prepared using 32% 20 mm, 23% 10mm,43% 6 mm &dust 

and 2% cement. Specific gravity and density of 20mm 
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aggregate, 10mmaggregate, 6 mm aggregate, dust and cement 

is determined, which will be used later in result analysis. This 

aggregate mix will be common for all types of samples. 

 VG-30 Bitumen 

The above aggregate mix is blended with VG-30 bitumen 

using wet process. A detail description of wet process is given 

in the end of this section. Three specimens were prepared by 

varying bitumen percent from 4.5%-5.5% an increase of 

0.25% for each sample by the weight. Three samples for each 

specimen is prepared and tested to obtain average value for 

various characteristics. 

 To prepare sample for Marshal Stability Mix 

Design, following design steps were followed 

1) Aggregate was selected. 

2) Determine the proportion of each aggregate size 

required to produce the design grading. 

3) Determine the specific gravity of the aggregate 

combination and asphalt cement. 

4) Prepare the trial specimens with varying bitumen 

contents. 

5) Determine the specific gravity of each compacted 

specimen. 

6) Perform stability tests on the specimens. 

7) Calculate the percentage of voids, and percent voids 

filled with Bitumen in each specimen. 

8) Select the optimum binder content from the date 

obtained. 

9) Evaluate the design with the design requirements. 

 To control the gradation of the test specimens, all 

aggregates were separated into the various sized factions and 

stored in metal buckets. The coarse aggregate, fine aggregate, 

and the filler material should be proportioned so as to fulfill 

the requirements of the relevant standards. The quantity of 

aggregate is taken so as to produce a batch, which will result 

in compacted specimen of 63.5 mm height. 1200 gm of 

aggregates and filler are required to produce the desired 

thickness. The aggregates are heated to a temperature of 

175°C to 190°C the compaction mould assembly and rammer 

are cleaned and kept pre-heated to a temperature of 100°C to 

145°C. The bitumen is heated to a temperature of 120°C-

140°C and the required amount of first trail of bitumen is 

added to the heated aggregate and thoroughly mixed. The mix 

is placed in a mould and compacted with number of blows 

specified. The compaction was done by the standard hammer 

of 4.5 kg weight falling from 45.7 cm height by giving 75 

blows n each of the face. The sample was cured for 24-hour 

at room temperature before being extracted using standard 

extraction procedure. Finally, the specimen is measured and 

weighed in air and water for volume determination. The 

specimen is then marked and stored for stability and flow 

measurements. Three specimens were prepared for BC. 

Optimum Binder Content has been obtained by taking 

average of the bitumen contents at which the mix has 

maximum Bulk Density, maximum Stability and design Air 

Voids. In the present study two methods are used for sample 

preparation- wet process. The details of dry and wet processes 

are given in the next sub-section. Various apparatus used in 

the preparation of sample using above given design steps are 

as follows: 

1) Mould Assembly: cylindrical moulds of 10 cm 

diameter and 7.5 cm height consisting of a base plate 

and collar extension. 

2) Sample Extractor: for extruding the compacted 

specimen from the mould. 

3) Compaction pedestal and hammer. 

4) Breaking head. 

5) Loading machine 

6) Flow meter, water bath, thermometers 

(A) Marshal Stability Test Data for Dense Bituminous Macadam 
Bitu-

men 

% 

Ps 
Si. 

No 

Wt.  

In Air 

Wt. 

In 

water 

SSD 

WT IN 

AIR 

VOL BULK 

DENSITY 
GMM VIM% VMA% VFB% 

STABILITY IN KG FLOW 

IN 

MM 
DAIL 

RADING 
CORRECTION 

ADJU 

STED 

3.50 96.50 

1 1190.1 730 1192.1 462.1 2.575     122 1.04 742.44 2.00 

2 1194.5 728 1196.1 468.1 2.552     115 1.04 762.33 2.20 

3 1198.1 724 1190.0 466.0 2.571     106 1.04 702.67 1.90 

       2.566 2.736 6.230 14.350 57.00   735.81 2.03 

4.00 96.00 

1 1194.2 734.5 1196.1 461.6 2.587     116 1.04 768.96 2.10 

2 1191.8 733 1193.6 460.6 2.587     130 1.00 828.62 2.50 

3 1187.5 723 1189.1 466.1 2.548     125 1.04 828.62 2.30 

       2.581 2.690 4.030 14.740 73.00   1049.59 2.6 

 AVG.               

5.00 95.00 

1 1197.9 722 1199.8 477.8 2.507     150 1.04 994.34 3.00 

2 1192.0 733.2 1194.5 461.3 2.584     160 1.04 1060.63 3.20 

3 1198.5 741.6 11999.4 457.8 2.618     142 1.04 941.31 2.80 

       2.570 2.667 3.640 15.560 77.00   998.76 3.00 

 AVG.               

5.50 94.50. 

1 1190.4 726.5 1192.4 465.9 2.555     135 1.00 860.49 3.20 

2 1192.6 732 1194.1 462.1 2.581     140 1.00 892.36 3.60 

3 1192.4 724 1193.5 469.5 2.540     128 1.04 848.51 3.40 

 AVG.      2.559 2.644 3.240 16.370 80.00   867.12 3.40 

Table 4.1: Marshal Stability Test Result of D.B.M. 

(B) Marshal Stability Test Data for 4.5% of Bitumen 
Bitu 

men% 
Ps 

Si. 

No 

Wt.  In 

Air 

Wt. In 

water 

SSD Wt 

in Air 
Vol. 

Bulk 

Density 
GMM Vim% vma% 

VFB

% 

Stability in Kg Flow 

in mm Dail Rading Correction Adjusted 

4.50 95.50 

1 1195 736 1201 465 2.570     150 1.04 994..34 2.6 

2 1193 734 1196 462 2.582     160 1.04 1060.63 2.8 

3 1194 735 1200 465 2.568     170 1.04 1126.92 2.4 

       2.572 2.690 4.32 15.00 71.00   1060.63 2.6 

4.50 95.50 

4 1179 725 1183 458 2.574     160 1.04 1060.63 2.4 

5 1191 735 1196 461 2.584     160 1.04 1126.92 2.6 

6 1191 735 1197 462 2.578     170 1.04 1126.92 2.6 

Avg.       2.579 2.690 4.13 14.82 72.00   1026.63 2.4 

Table 4.2 marshal stability test result of 4.5% bitumen 
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(C) Determination of Optimum Bitumen Content 

S.NO 
PARAMETERS OF MIX 

DESIGN 

RESULT 

ACHIEVED 

01 
Bitumen Content For 

Maximum Density 
4.5% 

02 
Bitumen Content For 

Maximum Stability 
4.5% 

03 
Bitumen Content at 4.03% 

Air Voids (VIM) 
4.5% 

04 
Bitumen Content at 73% 

VFB 
4.5% 

05 Bitumen Content at 3.5 Flow 4.5% 

 Average 4.5% 

Table 4.3 Optimum Bitumen content of mix design 

(D) Bitumen versus Density Graph 

Bitumen % Density 

3.5 2.566 

4.0 2.574 

4.5 2.581 

5.0 2.570 

5.5 2.559 

Table 4.4: 30Result of different bitumen percentage and 

density for mix design 

 
Graph 4.1: Bitumen versus Density curve of VG-30 

Bitumen Content for Maximum Density: - 4.5% 

V. CONCLUSION 

A. Conclusions 

Hence we concluded that the 12% of crumb rubber by weight 

bitumen is more suitable and recommended for execution in 

the work of road pavement as bitumen's carpet for road 

works. 

 CRMB road would be a boon for India's hot and 

extremely humid climate, where temperatures frequently 

cross 50C and torrential rains create havoc, leaving most of 

the road with heavy distresses. This adversely affects the life 

of the pavements. The modified bitumen shows better 

properties for road construction and rubber waste which 

otherwise are considered to be a pollution menace. It can find 

its use in this process and this can help in solving the problem 

of pollution. In the modified process (dry process) rubber-

waste in coated over aggregate. This helps to have better 

binding of bitumen with the rubber-waste coated aggregate 

due to increase bonding and increase area of contact between 

rubber and bitumen. The rubber contain also reduces the 

voids. 

 This prevents the moisture absorption an oxidation 

of bitumen by entrapped air. The road can withstand heavy 

traffic and show better service life. This study will have a 

positive impact on the environment as it will reduce the 

volume of rubber waste to be disposed of by burning and land 

filling. It will not only add value to rubber waste but will 

develop a technology, which is ecofriendly. Modified binders 

are well known for high stability and shear resistance for 

good load distribution and a high resistance to permanent 

deformation which lead to an increased performance and a 

longer service life with less maintenance requirements. 

 Higher values of stiffness modulus can be 

conveniently used for reduction in thickness for bituminous 

base and binder course layers. Benefits can be harvested 

either by having higher pavement life or saving of materials 

though t thickness reduction on due to the use of modified 

bitumen may be compensated through this thickness 

reduction. The other way out is to use bituminous macadam 

using modified binder in place of dense bituminous 

macadam. If the stiffness modulus requirement is met. The 

thickness reduction may be considered when at least two 

successive layers (wearing course and binder course) are 

constructed with modified bitumen. 

B. Future Work 

1) Study will give us solution for utilization of rubber form 

discarded tires. IT will help to decrease land pollution 

.Disposal of material obtained from tires is a big problem 

for environment and fertility of land. Their reuse will not 

only economical for construction but also save our 

environmental balance. 

2) The time period of next renewal may be extended by 50 

percentage in case of surfacing with modified bitumen 

like CRMB as compare to normal period indicated for 

conventional bitumen like VG-30. For example, if 

normal renewal cycle is 4 years, this may be enhanced to 

6 years in case of CRMB, it is economical and eco-

friendly. 
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