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Abstract

Bitumen is predominantly used to construct pavestemtroads, highways, and airports. Due to thee@asticity nature of bitumen,
it plays a predominant role in the performance loé tpavements where temperature and rate of loadicappn have a great

influence. In India, the specifications for bitumirs binders rely on different empirical tests whitgtve almost no significance on
their performance characteristics are reportedthis paper, the physical and rheological propertidituminous binders commonly
used in India, at high and intermediate field tenapéres are reported in terms of their performarad®racteristics. Considering

several factors that affect the behavior of bitumnis binders, the effects of variations in tempegteate of loading and amount of
loading are considered. The changes in the proeertif commonly used grades of (60-70) bitumen bothodified and modified

with crumb rubber have been reported. The Marspadperties and indirect tensile strength ratio amempared for the specimens
prepared at optimum binder content (OBC) for bitmmis concrete (BC) grading-2. Crumb rubber modifdtdmen shows higher
Marshall Stability, reduced flow, higher ITS ratiad improved rheological properties in terms ofting.

Keywords: CRMB — crumb rubber modified bitumen, ITS- Inditeetsile strength, TFOT — Thin Film Oven test, DSR-

Dynamic shear rheometer MSCR- multiple shear creepvery.
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1. INTRODUCTION

Bituminous roads are the major part of networkridid. The
high intensity of traffic in terms of commercialhieles and
the over loading of trucks have been responsibteefarly
development of distress symptoms like undulationgting,
cracking and potholing of pavement. The factorsichvlare of
serious concern, are the varying climatic condgipnevalent
in India and the inadequate quality control duritige
construction of the roads. A flexible pavement cfinee is a
sensitive system whose conditions change progedgsas a
result of the effects of traffic and the naturatiemnment, rate
of loading and number of repetition of loads. Daénicreased
loads and high temperature differential which asgdal for
Indian condition the conventional bitumen failsgiwe longer
life for pavements. Addition of modifiers into camtional
bitumen results in the improvement of performance
characteristics of bituminous mixes used in roaastiction.
The principle modes of failure of bituminous cowsare
fatigue and rutting which are influenced by tempmea
Bitumen being a viscoelastic material, factors suah
temperature, rate of loading and number of repetitif loads
have a significant effect on the performanégeing of
bitumen is a very complex process leading to handeof
bitumen. One of the major factor that cause pavésném
crack and disintegrate is ageing phenomenon ofriitous

binder (Aderson et al., 1994Bituminous materials exhibit
viscoelastic response and the performance of flexib
pavements depends on the rate of loading and tetupes.
The performance of bituminous binders can be medshy
means of rheological parameters because the tedtecdone
under wide range of temperatures and frequency {Gdo .,
1998)

2. EXPERIMENTAL PROGRAMME
2.1 Materials

Two grades of modified bitumen (CRMB 55 and CRMB 60
and one grade of plain bitumen (60/70) suppliedHbfMCOL
were used in the present investigation. Aggregatesze less
than 19 mm were obtained from local quarry wereduse
Standard laboratory tests like penetration, dagtiboftening
point test were conducted for bitumen and Marsktbility
and indirect tensile strength tests were conduatethe mixes
prepared with both plain and crumb rubber modifigédmen.
All rheological tests were conducted using dynarsiear
rheometer for plain and modified binders (both sherm
aged and unaged). All the test results are intergran terms
of MORTH and IRC recommendations.
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2.2 Preparation of Test Specimen.

2.2.1 Preparation of Marshall Test Specimens

Marshall Test specimens were prepared by adding 4.5®%,
5 %, 5.5 %, 6 %, and 6.5 % of Bitumen. The specirnisen
compacted by giving 75 blows on both top and botside by
keeping the temperature in the range of 4€0- 140°C. The
compacted specimens were removed from moulds after
hours. The specimens were conditioned by keepiegitin
thermostatically controlled water bath maintaine®&@? C for
30 minutes before testing.

2.2.2 Preparation of Test Specimens for Rheological
Tedts.

A disk of binder with diameter equal to the ossilgtplate of
the DSR is needed for testing. About 10-20 g oflbimat solid
cosistancy is taken and placed in between thelpbpddtes of
DSR.The thickness of the bitumen binder sandwidietd/een
the spindle and the fixed plate must be carefutiytmlled by
removing the excess material using knife. The prope
specimen thickness (1 mm) is achieved by adjudtieggap
between spindle and fixed plate using micrometezekh

2.2.3Thin film oven test (TFOT)

Thin film oven test was conducted for plain and ified
binders for determining the properties after shemtn ageing.

Binder samples were placed in thin film oven appes for 5
hours at a constant temperature of (B3This test simulates
the hardening conditions as would be expected duhat
mixing operations.

3. RESULTSAND DISCUSSIONS

Investigations are carried out on bituminous cotecrédBC
grading 2) mix with different types of binders viz,
conventional bitumen (60/70), CRMB 55 and CRMB @0 t
evaluate the mechanical properties such as Marstaility,
Indirect Tensile Strength (ITS) and rheological gedies of
both aged and unaged binder samples. The obsersatiade
on the results are presented and discussed inottmvihng
paragraphs.

3.1 Physical Properties

The basic tests such as softening point, penetratial elastic
recovery conducted on plain bitumen are presenteig 1.
After subjecting the binder sample to thin film avest which
simulates the short term ageing, the residue itede$or
various physical properties such as softening point
penetration and elastic recovery. The results pbthiare
shown in Fig 2.
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Fig 1: Properties of binder before short term ageing

It is observed from Fig 1 that the crumb rubber ified
bitumen shows lower penetration, higher softeningtpand
higher elastic recovery when compared to plainnbén. From
Fig 1 and 2 it is observed that crumb rubber shoeter
resistance to ageing compared to plain bitumen videt
from lower mass loss (0.2 % against 4.4 % not itegor
here),small increase in softening point and smedrelase in

Fig 2: Properties of binder after short term ageing

penetration. This resistance to short term ageimgonounced
by reduced evaporation of volatiles in CRMB. Theiddn of

crumb rubber results in hardening of bitumen, thaing of

rubber absorbs some of the oily constituents inbiemen.

These grains swollen to about five times the voluane

dispersed in the bitumen, which is then harder tttzat of the
same type as original (Van rooigen., 1941 ,White ,GE990)
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Table 1 shows the Marshall properties in terms afious
binders considered in the present study. It is ivesefrom the
Table 1 that Marshall oproperties confirms to th©RITH
recommendations. CRMB 55 and CRMB 60 have higher
stability and lower flow value compared to the plaitumen.
Optimum binder content was obtained correspondiog t
median of air voids percentage (4.5 %) the OBC ftbree
different binder is 5,5.1,5.2 for plain, CRMB 56dcaCRMB

60 respectively. Though the optimum binder contémt
CRMB is slightly higher than that of plain bitumé&nshows
higher strength in terms of increased Marshall istgkand
decreased flow value. The stability and flow valndicates
increased life and service condition and thereldy igsult in
reduced life cycle cost.

Table 1. Marshall Properties of the mixes for OBC of diéfet binders

OBC
. Stability Flow
0, 0

Binder type Gmb oVMA 0% VFB (kN) (mm)
Plain 60/70 2.373 16.080 72 13.6 3.8 5
CRMB 55 2.339 16.105 71 15.8 3.3 51
CRMB 60 2.335 16.450 73 14.6 2.8 5.2
MORTH - Min 14 6575 | Min9kN | 2-4 5-7
specification

Figure 3 shows the Results of indirect tensile ngjtie ratio

(ITS ratio), it is observed that there is a marbinarease in

indirect tensile strength ratio for CRMB. The imase in

indirect tensile strength ratio results in highesistance to the
damage associated with moisture.
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Fig3: Variation of Tensile Strength Ratio

Addition of crumb rubber resulted in increased iadi tensile
strength ratio. Crumb rubber modified mixtures wienend to
be less susceptible to moisture damage comparedrtoal
mixtures as indicated by higher retained Marshédibity,
higher tensile strength ratio and improved strigpin
characteristics (S. K. Palit.et.al., 2004)

3.2 Rheological Test Results

Figure 4 shows the variation of Complex Modulus hwit
temperature, in general the complex modulus ofhgbéiumen

is less when compared to CRMB 55 and CRMB 60. Among
this CRMB 55 shows higher complex modulus with
temperature. It is clearly observed from the Fibat the plain
bitumen fails (value of complex modulus less thak Ra) at
temperature 64 C, but CRMB 55 and CRMB 60 are stable.
But whereas CRMB 55 and CRMB 60 fails at 7C this
clearly indicates that CRMB grades are less suiiepto
temperature changes when compared to plain bitumen.
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Fig 4. Variation of Complex Modulus with
temperature
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Figure 5 shows the results of frequency sweep tésis
observed that, the general trend is that the complear
modulus (G*) increases with the testing frequer@@gMB 55
after ageing has higher complex modulus when coatp&s
other binders. This indicates CRMB 55 possess great
strength.
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Fig 5: Complex modulus v/s Frequency

When the crumb rubber is added to the bitumen useahe
absorption of aromatic oils thereby softening aneléng of
the rubber particles.. In conclusion, the additmicrumb
rubber as modifier to the base bitumen producd$ atid
tough bitumen. (Oliver et. al., 1982)

The TFOT materials were obviously much stiffer ththe

unaged samples over the entire range of frequendish

indicates that once the binder is aged the stiffngsanges
greatly with the frequency of loading. Hence itcencluded
that as the binder is aged it becomes stiffer anderelastic.
Ageing has significant influence on bitumen rheglogy

increasing complex modulus (Mohammed et. al., 2008)

Figure 6 shows the results of multiple shear cressvery
(MSCR) test, Plain bitumen shows higher non recalvier
compliance when compared to modified bitumen. Highe
non recoverable compliance can possibly increase th
magnitude of rutting in the actual service life. &dhrubber is
added to base bitumen, the elastomer absorbs tlitenma
content thereby increasing the asphaltene coniéig.is why
the CRMB is harder than the base bitumen and ¢aidd to an
increased resistance to pavement rutting. (Robeal 2000).
Rubber content has the potential to resist ruttiafprmation
that occurs in road pavement as result of incredssftic
loading (Nuha et.al., 2012).
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Fig 6: Variation of percentage recovery with applied stre

CONCLUSIONS

» The addition of crumb rubber to the bitumen resints
the improvements in the basic properties like sirfig
point, penetration and elastic recovery.

> The resistance to ageing of CRMB is more when
compared to the plain bitumen because, evaporafion
volatiles in case of CRMB is less.

> The increase in indirect tensile strength ratio is
observed for the mixes prepared using CRMB.This
results in higher resistance to the damage assdciat
with moisture.

> The modified bitumen has higher complex modulus
than plain bitumen which means that it is more Istab
This means that using crumb rubber with plain bgam
increases the binder elasticity at high temperatare
improves the flexibility at low temperatures theyeb
lessening both rutting and fatigue cracking.

> From MSCR tests, it is observed that, plain bitumen
shows higher non recoverable compliance when
compared to modified bitumen. Higher the non
recoverable compliance can possibly increase the
magnitude of rutting in the actual service.
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