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Abstract: The gradual increase in traffic volume, poor design and construction practice during the last few decades
in combination with an inappropriate maintenance due to Government policy has caused an accelerated and
continuous deterioration of the road network in Pakistan. The increasing traffic load and compromise on quality of
construction are the main causes of pavement failures, especially rutting. Maximum failure occurs due to the
pavement surface exhibits wheel path depressions as a result of compaction/mix design problems. In this situation,
the problem should be investigated and its proper solution should be proposed. The purpose of this research is to
compare unmodified bitumen and modified bitumen (polythene modified and crumbed rubber modified).In this
study, Low Density Polythene (LDP) and crumbed rubber were used as modifiers, and these modifiers were used to
examine the potential prospects for improving asphalt binder properties. The proportion of bitumen content was kept
as 4.5% & 5.5% by the weight of the aggregate content and in modification of polythene and crumbed rubber was
kept as 0.2% by weight of bitumen content. In this study the compacted asphalt mixes were tested for resistance to
rutting by subjecting all the specimens to 10,000 repetitions of a loaded wheel and the rut depth for each specimen
was determined using wheel tracking machine. For the testing of these sample different temperature (25°C& 55°C)
were used. A total of 12 samples have been prepared to investigate the rut depth. The result of these samples varies
according to the temperature and bitumen content. This research concludes that unmodified bitumen gives less rut
depth at 25°C temperature but when temperature increased up to 55°C, the crumbed rubber give better result in 4.5%
bitumen content. By increasing bitumen content from 4.5 to 5.5%, polythene modified bitumen give better result in
both temperature (25°C& 55°C).
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1. Introduction

Asphalt (HMA) is the common material for
road surface. It consists of crushed stone aggregates,
asphalt binder and mineral filler. The asphalt binder
acts as a glue and binds the aggregate particles

permanent deformation in the pavement Sub grade or
any other layer due to the consolidation or lateral
movement of the materials. Severe rutting in the
pavement is an indication of its structural failure.

together to form a relatively stable cohesive mass and
the stone skeleton to resist the traffic load applications
is provided by the aggregates. Due to visco-elastic
nature of asphalt binders the temperature
susceptibility, aging and visco-elasticity are the
important characteristics which greatly affect the
asphalt binder performance. Rutting (Permanent
deformation) is characterized by the surface
depression along the wheel path with or without the
pavement uplift along the sides of the rut. Each time
when a load is applied to the pavement, a small
amount of permanent deformation occurs in it. The
accumulation of these small deformations after many
load applications is represented by rutting. Ruts, if not
very severe, are noticeable only when they are filled
with water after rainfall. Rutting can be caused due to
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2. Literature Review

Musharraf Zaman et al concluded that the speed
of moving vehicle has a significant role in
determining rutting. From this paper he concluded
that finite element based model can be used as
effective tool to analyze rutting behavior of asphalt
pavements. Emmanuel O et al concluded that the
rutting strains of flexible pavements designed using
the three known CBR methods are greater than
permissible values. Kamal M.A et al in his paper
concluded that resilient modulus decreases with
increase in temperature from 46°C to 52°C. Ibrahim
Abobaker Ali Langer et al studied that increasing
load effects the pavement service life. Due to
overloading the pavement service life reduced by
70% in Demak Trengguli Road section. Dar-Hao
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Chen et al made an investigation to determine the
root cause of the premature pavement failure. The
premature pavement failure occurred in the form of
rutting and alligator cracking. It was also found
that the weak base is the root cause of the
premature failure. It was concluded that density for

construction quality control was not sufficient, as it
was not able to protect against premature failures
from occurring. (Musharraf Zaman et al, 2003;
Emmanuel U et al, 2009; Kamal M.A et al, 2009;
Ibrahim Abobaker, 2011; Dar_Hao Chen et al, 2009)

Table 1: Testing Matrix

Polymer (Plastic| Crumbed
No of | Bitumen| Aggregate| Waste)Modifier| Rubber |
v v , Temperature

Samples| Content| Content Content Content
02 4.5% 95.5% - - 25", 55"
02 4.3% 95.5% 0.2% 2 i
02 4.3% 95.5% - 0.2% 27 3
02 5.5% 94.5% - - 25", 55"
02 5.3% 94.5% 0.2% - 25" B
02 5.3% 94.5% - 0.2% 2 i

3. Objectives

The specific objectives are:

a) To study the performance of polyethylene
modified and crumbed rubber modified HMA.

b) To compare the performance of asphalt mixes with
unmodified, crumbed rubber modified and polymer
modified binder.

¢) To propose the rutting resistant asphalt mixture
suitable for local climate and loading conditions

4. Methodology:

Preparation of samples involves sieve analysis to
separate the aggregates into frictions. Sieve analysis
was performed manually in according to NHA Class-
B gradation. After the gradation of the aggregate
mixing of these fractions according to the required
gradation and heating the mix along with the
modified asphalt binder (Polythene, Crumbed rubber)
at the compaction temperature of 140 'c .Test
specimens were compacted in the laboratory using
Roller Compactor.

The compaction of specimens by the roller
compactor was done in four stages.
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a) In the first stage, the specimen was compacted
under a pressure of 2 bar (200kPa) with 10 cycles of
passes.

b) In the second stage, the specimen was further
compacted under a pressure of 5 bar (500kPa) with 10
cycles of passes.

c) In the 34 stage, the specimen was further
compacted under 4 bar pressure (400kPa) with 5
cycles of passes.

d) In the 4™ and final stage; the specimen was
compacted under a pressure of 3 bar (300kPa) with 5
cycles of passes Temperature of mix during
compaction was 140°C.

After the compaction, the specimen will placed in
Wheel-tracking machine to evaluate the rutting depth
of all the mixtures. All the asphalt concrete samples
were subjected to 10,000 passes of a loaded wheel at
the rate of 26.5 revolutions per minute i.e. 53 passes
per minute. Twelve numbers of samples were prepared
in Laboratory and subjected to testing in Wheel
Tracking test. Different percent content of these
samples are listed below;
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5. Results and Discussions

The graphs mentioned below are the
comparison between the unmodified bitumen;
polymer modified bitumen and crumbed rubber
modified bitumen. The comparison of rutting depths
between the unmodified bitumen 4.5%, polymer
modified bitumen (4.3+0.2) % and crumbed rubber
modified bitumen (4.3+0.2) % at temperature 25°c, it
shows that the rut depth of the unmodified bitumen
4.5% is less than the both modified bitumen
(4.3+0.2) %(Fig 1). When the samples were tested at
a temperature of 55°c, it shows that the crumbed
rubber modified bitumen (4.3+0.2) % has less rut

depth (Fig 2). It means that to reduce the rut depth in
high temperature areas, crumbed rubber modified
bitumen (4.3+0.2)% will be preferred but in the
regions having mostly low temperature unmodified
bitumen will be preferred because it gives less rut
depth. When the percent content of the modified and
unmodified bitumen are increased up to 5.5% and
rutting behavior, it shows that the polymer modified
bitumen (5.3+0.2) % has less rut depth from both
unmodified bitumen(5.5%) and crumbed rubber
modified bitumen  (5.3bitumen+0.2  crumbed
rubber) % at both temperature 25°c & 55°c(Fig 3& 4).
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6. Conclusions

a) The graphs show that, at temperature 25°c the
unmodified bitumen has less rut depth in 4.5%
bitumen content but when the percentage of the
bitumen is higher, then the polymer modified
bitumen (5.3+0.2) % has less rut depth.

b) At the temperature 55°c, when the percentage of
the bitumen is lesser than the crumbed rubber
modified bitumen (4.3+0.2)% has less rut depth but
when the percentage of the bitumen is higher than the
polymer modified bitumen (5.3+0.2)% has less rut
depth.

7. Recommendations

a) Polymer modified bitumen is recommended at
both temperature (25°c & 55°c) when the percent
content of the bitumen is high (5.3%+0.2%).

b) Overall performance of Polythene Modified
Bitumen showed better results in high percent content
of bitumen than that of the conventional mix under
the same loading and environmental conditions in
term of permanent deformation.

8. Future Recommendations

a) There is a need of further study on different
modifiers which enhance the HMA properties
according to Pakistani climate (i.e. fiber Glass, HDP).
b) The current research may further be extended for
varying temperature conditions and percentage of
other modifiers used.
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