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ABSTRACT

The purpose of this research is to investigate the possibility of using High Density Polyethylene as polymer
additives in Bituminous Mix. The characteristics of HDPE-modified binder obtained by fix mixing time and fix
mixing temperature. was investigated. The binders were prepared by mixing the HDPE in 0.5%, 1%, 2% and
4% (by the weight of optimum bitumen) with 80/100 penetration grade bitumen at temperature of 180 °C and 60
min of mixing time. It may be inferred that HDPE-modified bituminous binders provide better resistance against
permanent deformations due to their higher complex shear modulus and lower phase angle as compared to
conventional binder. It also contributes to recirculation of plastic wastes as well as to the protection of the
environment.
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INTRODUCTION

It has been known that the addition of some waste material and certain polymers to asphalt binders can improve
the performance of asphalt concrete [1]. The use of recycled instead of virgin materials will help to ease landfill
pressures and reduce demands of extraction. This is especially the case in surface layers of asphalt pavements
that may represent a value application for recycled solid waste material [2].

Polyethylene has been found to be one of the most effective polymer additives [1]. The use of polymer in
asphalt mixture as a modifier started in the eighties and has been tested in a number of countries around the
world. The addition of polymers typically increases the stiffness of the bitumen and improves the rutting
resistance of mixture in hot climates and allows the use of relatively softer base bitumen, which in turn provides
better low temperature performance [3].

Plastic material can be classified into 6 major types which are listed in Table 1 [4].

Table 1: Six major types of plastics.

LDPE Low Density Polyethylene Film and trash bags

HDPE High Density Polyethylene Milk jugs

PVC Polyvinyl chloride Pipes, siding and flooring
PP Polypropylene Battery casings and luggage
PS Polystyrene Egg cartons, plate and cups
PET Polyethylene Terepthalate Soda bottles

Polymer modified binders also showed improved adhesion and cohesion properties. The polymers used in
modifying bitumen are classified as plastomers and elastomers. Plastomers include ethylene vinyl acetate,
Polyethylene and various compounds based on polyethylene. These products may require high shear mixing
which depends on the modification process. They increase the viscosity and stiffness of bitumen at normal
service temperatures. However, they do not increase the elasticity of bitumen significantly and on heating, they
do not perform satisfactorily [3]. In this research the use of High Density Polyethylene (HDPE), which is one
type of plastomers, to modify asphalt mix properties was investigated.
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MATERIALS AND METHODS

Modified Binder Materials

HDPE modified bitumen was prepared by mixing 80/100 penetration-grade bitumen with various percentages of
HDPE. The content of HDPE additive was varied to see the effect of HDPE contents. Four levels of HDPE
content were used, namely 0.5%, 1%, 2% and 4% by mass of bitumen. The HDPE modified bitumen was
prepared using the high shear mixer. Mixing is done at a speed of 250 rpm for one hour at 180°C.

Binders Testing

Binders were characterised by using a number of standard physical tests such as penetration test (temperature,
load and time are 25°C, 100g and Ssec respectively), softening point test, viscosity test using Brookfield
viscometer (temperature range from 90 to 170°C, spindle No.27, and a rotating speed of 20rpm), and also
rheological measurements by using a Dynamic Shear Rheometer (tests conducted by using a fix temperature 76
°C, and the frequency is 1.159Hz).

RESULTS AND DISCUSSIONS

Penetration Test Results

Penetration is an empirical measure of asphalt consistency. Figure 1 shows the variation of penetration value
with the various percentages of bitumen and it shows that consistency decreases with the addition of HDPE. The
penetration values for the modified binders decrease as the HDPE content in the mix increase. The decrease is
approximately 8%, 34% and 75 % with the addition of 1%, 2 % and 4% of HDPE, respectively, as compared to
the original bitumen. This means that the addition of HDPE makes the modified bitumen harder and more
consistent. This is good in one sense since it might improve the rutting resistance of the mix, but on the other
hand this may affect flexibility of the bitumen by making the asphalt much stiffer, thus the resistance to fatigue
cracking can be affected.
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Figure 1 Penetration grade in different percentage of HDPE
Softening Point Test Results

Figure 2 show that softening point increases with increasing HDPE content. It appears clearly from the results
that the addition of HDPE to bitumen increase the softening point value, and as the HDPE content increase the
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softening point also increase. This phenomenon indicates that the resistance of the binder to the effect of heat is
increased and it will reduce its tendency to soften in hot weather. Thus, with the addition of HDPE the modified
binder will be less susceptible to temperature changes.

The effect of softening point of a binder on resistance to permanent deformation of bituminous pavement mixes
has been studied by various researchers. An example is hot rolled asphalt where it was found that the rate of
rutting in the wheel tracking test at 45°C, was halved by increasing softening point by approximately 5°C [5].
Therefore it is expected that by using the HDPE in the bituminous mix the rate of rutting will decrease due to
the increase in softening point.
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Figure 2 Softening point in various percentage of HDPE

Viscosity Test Results

Modified asphalt binders are usually more viscous than unmodified ones [6]. Figure 3 shows the viscosity
curves of Modified bitumen and Table 2 shows the ratio of viscosity of the modified asphalt binders to viscosity
of the base binder at 135 °C. This ratio varies between 1 and 3.5 for the modifiers used in this study. In the
extreme case of adding 4% HDPE to the base binder, the viscosity increased from 400 mPas to 2413 mPas. This
value is less than 3000 mPas and therefore satisfies the ASTM D6373 criterion for asphalt binder workability

[6].

Table 2: Viscosity of modified asphalt binders.

Sample Viscosity (mPas) Viscosity Ratio
Original Binder 400.0 --

Average 0.5% 412.5 1

Average 1% 444.0 1.1

Average 2% 681.5 1.5

Average 4% 2413.0 3.5
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Figure 3 Viscosity vs. Temperature

Dynamic Shear Rheometer (DST) Test Results

The complex shear modulus (G*) is a ratio of the applied shear stress (I'1) to the resulting shear strain ([]). The
phase angle, & , provides a relative indication of the viscous and elastic behavior of the asphalt binder. Figure 4
shows G* increases with increasing the HDPE content. a lower value of complex shear modulus G* means that
the asphalt is softer, and it can deform without developing large stresses [7]. In addition binders with high
complex shear modulus G* may reduce rutting problems (deformations) in the asphalt.
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Figure 4 Complex shear modulus vs. different percentage of HDPE
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Figure 5 Phase angles vs. different percentage of HDPE

CONCLUSIONS

From the findings of the present work it may be concluded that the bituminous binders modified with HDPE
showed encouraging results. It appears that high density polyethylene decreases the consistency and increases
the resistance of the material to temperature changes while the resistance to flow also increases. Further tests are
required especially on bituminous mixes in order to have a greater understanding about the effect of this type of
modifier on mix properties.
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