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ABSTRACT

The effect of modifying asphalt concrete using fly ash and recycled HDPE
plastic is reported, This was added to 60/70 penetration grade bitumen and its
effect on penetration at 25, 30, 35 and 40°C, softening point and. Penetration
Index determined. This showed that addition of both wastes could be used to
modify these properties. Marshall design was used to evaluate the effect of the
waste / bitumen blends on mix properties. The mix data showed that the
addition of both waste materials-could improve performance of the asphalt
concrete. Greatest improvement was with the addition of waste HDPE plastic.
The paper concludes that simple bitumen and Marshall design values can be
used to determine the probable effect of waste addition. This is important as
these methods are still widely used in many countries.

KEY WORDS: Fly ash, HDPE waste plastic, Marshall design.



4 4o AigBvig Yuvedplo Aceadrikmv Miypnartwy kat Odootpopdtuy, Ocooarovik 19-2004/2007

1. INTRODUCTION

Wearing course asphalt concrete is widely used in many countries around the
wotld. In countries such as Indonesia it can suffer from problems of permanent
deformation in the wheel track due'to increased traffic volume, overloading and

“the high 1mblent temperatuxe Its fesistance to permanent deformation is

vp"lrtlcularly affected by the binder propemes with modifiers such as fly ash or.
.polymer to improve: stabmty and strength’ [13.

- This paper compares the effect of fly ash and polymer addltlon on bltumen
and mix properties.-The polymer used was a HDPE plastic derived from waste
-milk cartoons. Disposal of solid waste such as plastic containers. is a major
“problem in developmg counmes where rapid . deveiopment and c¢hanging
lifestyles in growing cities has changed the waste COI’IlDOSLthI‘l from being
“mainly organic to mamly being composed of plastics, paper and packaging
materials.

Disposal of waste becomes more ch_allenging as greater amounts of land are
needed for the disposal of such waste streams [2, 3]. Using waste as a
construction material offers an answer not only to the environmental problems
and but in certain cases may improve pavement properties [1]. With
approximately 100 miflion tonnes of fly ash and 150,000 tonnes of waste plastic
produced annually [3] in Indonesia alcne, they offer a less expensive means of |
‘modifying asphalt materials and {ormed the basis for the research reported in
this paper.

" The data reported in this paper formed part of a larger investigation into the
use of these materials [4]. This paper considers use of the simple bitumen and
Marshall design values to determine the effect of waste addition as these
methods are still widely used in many countries.

2. MATERIALS USED

Table 1 summarises the properties of the fly ash used in the study. The waste
plastic was derived from high-density polyethylene (HDPE) milk cartoons
collected from household waste. These were simply cut into small pieces
approximately 2 x 2 mm’ in size. The thickness, density, melting point, tensile
strength and elongation at break were 0.5mm, 0.94 — 0.97gm/cc, 120 — 130°C,
31.4MPa and 100% respectively. The fly ash and waste plastic was used to
modify a 60/70 penefration grade bitumen widely used in Indonesia for asphalt
concrete. The aggregate was Tertiary basalt from Northern Ireland. Table 2
summarises the main aggregate properties. A <0.075mm limestone dust was
used as filler.
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Table |: Properties of the fly ash used

Property | Fly ash used in the study
| Moisture Content - 0.25%
Fineness (45pm snevc rcsndue) 9%
Particle Density [ 2350kg/m?
Water Requnements | 94%
- | Loss on Ignition. . .~ - |4%.
| Chloride 1 0.00%
: Sulpburlc Anhydndc (803) 08%
| Calcmm Ox:de (LaO) [ 45%

Table 2: Prqpc:-rftlcs of the basalt. aggregate used

Prépeﬁy

_‘ Ag regate size. | Indonesian —[
_ - Coarse | Fine | requirement

Apparent Particle Density 12.97 292 | >25
Ovén Dried Particle Density 2.87 279 [ >25
Saturated Surface Dry Partlcle Den31ty 2.91 284 |>25"
Water Absorption 1 1.22 1.54 | <3%

| Fiakiness Index 24 1 <25%
Aggregate Impact Value 9.60. < 30%
Los Angeies value ' 19 - < 40%
Magnesium Sulphate Soundness 9 -
Aggregate Abrasion Value 6.30
Polished Stone Value 58 B

3. PREPARATION OF BITUMEN BLENDS

Fly ash / bitumen blends were prepared using 3, 6 and 9% of ﬂy ash by mass of

binder. The fly ash was first pre-heated at 17OOC for 24 hours. The 60/70
penetration grade bitumen was heated to 150°C, the fly ash added and then
blended for 15 minutes at 150°C. The chopped HDPE was added stowly as 2 x
2mm pieces to the bitimen and mixed at low speed for about 5 minutes untit all
of the plastic had been added. The blend was maintained at 160 to 170°C and
mixed at high speed for about 1 hour. Three HDPE blends were made i.e. 0.75,
1.5 and 3% by mass of binder. Based on previous studies and observed that a
uniformly dispersed binder formed only.if the temperature and time of blending

exceed 160°C and 1 hour respectivély.
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4. PREPARATION OF ASPHALT CONCRETE TEST SPECIMENS

The optimum bitumen content was determined using the Marshall mix design
method as used in Indonesia. The coarse aggregate, fine aggregate and the filler
material were proportioned to meet the requirements: of Indonesian specxﬂcatton
(5] as shown in Figure 1. Mxxmg and ccmpautlon was carried out at 170°C (a
viscosity of 170 = 20 cSt) and 140° C (a viscosity of 280 =+ 30 cSt) respectively.
Marshall compaotnen with 75 blows each side was used. This found the
optimum bitumen content gf the asphalt concreté mix to be 6% Subaequent teist
spemmens were: plepqred usmg thkse tést condmons
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Figure 1—: Asphalt concrete grading curve
4. EFFECT OF MODIFICATION ON BITUMEN PROPERTIES

The results of modified penetration testinig at 25, 30, 35 and 40°C are shown in
Table 3. This shows that the addition of both fly ash and HDPE caused
penetration to decrease. The addition of HDPE had more effect on penetration
than fly ash. Figure 2 shows the addition of small amounts of HDPE had a
marked effect of softening point. '
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Table 3: Summary of modified penetration test data for fiy ash and HDPE

plastic blends

Penetration Fly ash / bitumen blends HDPE / bitumen / blends
test o - -
- temiperature 0% 3% 6% 9% 0% | 0.75% | 5% 3%
© 25 | 67 [ 66 | 65 | 63 | 78 | 72 | 66 | 55
30 - 130 H7 2| 0| 149 ] 122 {103 |85
.35 . |209. ] 207 | 202 | 194239 206 - 176 133
40 | 340 | 310 | 308 | 305.] 350 | 319 .| 285 | 223.
_ 60
o s6
g 0% - | ®@Fly ash
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40 - T T T T 1
0 2 4 6 8 10
’ o4

Figure 2: Effect of bitumen modification on softening point

% modilier

Figure 3 show that both wastes can recuce température suscaptibility in
terms of Penetration Index. Temperature susceptibility for the HDPE blends
was found to decrease as the waste plastic content increased. For the fly ash
blends, temperature susceptibility decreased and then increased.

Figure 3: Effect of bitumen modification on Penetration index
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5. EFFECT OF MODIFICATION ON MIX PROPERTIES

The Maishall test protocol was used to assess basic mix pr operties. The reason
why Marshall was chosen for the analysis presented in this paper was because
this method is still widely used in many developing countries around the world.
One of the aims of the investigation was to determine the ability of Marshall
testmg to highlight differences between the two waste materials.

Figure 4 shows the effect of bitumen ‘modification, on Marshall Stability.
This shows that-the addition of small amounts of HDPE can have a significant
lmprovement on stablllty Increasing the amount of waste HDPE appears to
cause the mix to become stiffer with gxeater shear resistance. ‘The addition of fly.
ash had a much smaller effect with an optimuni content of approxrmtely 4%.

- Initial addition of fly ash would appear to fill. the voids between aggregate

grains causing the mix to gain strength Increased fly ash addition then reduces
~contact between aggregate particles leading to reduction in stability.
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Figure 4: Effect of bitumen modification on Marshall Stability (kN)

Marshall Quotient is the ratio between stability and flow. It is an emperical
stiffness value which can be used to evaluate a bitumnious mix. A higher
Marshall quotient indicates a stiffer mixture with more resistance to permanent
deformation. Figure 4 plots the effect of bitumen modification on Marshall
Quotient. This reflects the trend for stability suggesting that the addition of
HDPE has a marked effect on this'empirical measure of mix stiffness.
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Figure 5: Effect of bitumen modification on Marshall Quotient
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Figure 6: Effect of bitumen modification on compacted mix density

The effect of bitumen modification on compacted mix density is shown in
Figure 6. This shows that the increased addition of both wastes causes
compacted mix density to decrease. The decrease is greater for the HDPE

plastic and reflects the effect of each waste on compaction effort.

The effect of both waste materials on moisture susceptibility is shown in
Figure 7 in terms of Retained Stability. The ‘data shows retained stability
increased to an optimum value for both materials i.e. 1.5% for HDPE and 3%
for fly ash. After this value retained stability decreased. This finding agrees
with previous studies that have highlighted the improved moisture sensitivity

with he use of filler and polymers as anti-stripping agents.
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Figure 7: Effect of bitumen mo’dificati_on on Retained Stability
6. CONCLUSIONS

Thef investigation using simple bitumen and Marshall des‘ign has shown that
these methods are capable of identifying the increased addition of both waste
materials added to the bitumen caused both bitumen properties and Marshall
properties- to change. Marshall stability was found to increase, however
compacted mix density was detrimentally effected due to the stiffening
properties of both wastes. Incredsing both waste materials content increased
VIM and VMA with the plastic having a greater effect.

Both waste materials were found Lo improve moisture susceptibility. The
overall conclusion was that the optimum waste contént was 4% fly ash and
1.5% waste HDPLE as a percentage of the bitumen content. The research has
shown that the use of these waste materials can improve the properties of
asphalt concrete and offer a potential solution to high temperature problems of
using this type of mix in a hot climate.
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