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With the industrial revolution, many inventions have been introduced with many solid waste materials
in return. This study investigates the potential recycling of waste plastic sheets, made from low-density
polyethylene, as asphalt modifier in the paving mixture. The shredded plastic sheet was used in the
asphalt mixture via the wet process. The dosage rate was set up to 9 % by weight of asphalt binder (0,3,6,
and 9)%. The experimental program was designed to assess the mechanical properties (Marshall stability
and flow, and volumetric properties), durability, and short-term aging of asphalt mixtures, in addition to
economical assessment. The test results revealed the applicability of using this solid waste material in
paving construction as a surface layer, since its usage enhances the pavement performance by increasing
stability, index of retained strength, and volumetric characteristics before and after aging as well as
saving in cost. The best enhancement can be achieved with 6% of recycled low-density polyethylene.
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1. INTRODUCTION

Works on the polymer-modified asphalt mixture have
been increased in recent years [1-6]. Researchers
recommended using polymers to enhance pavement
performance to accommodate local traffic and weather
conditions and avoid the common types of distresses.
With the industrial revolution and the advance of material
science, more materials and polymers have been
introduced and used in every detail of life. Some of these
materials are non-biodegradable like plastics. In other
words, it would be stuck in dump places for hundreds of
years and cause real risks to the environment as land and
marine pollution. The presence of microplastic in the
seawater threatens the aquatic organisms, thereby
disrupting the bio-system [7]. Moreover, soil
contamination with microplastics may damage the health
of the flora-fauna ecosystem. And these plastic particles
would intake by the human body through food chains [8].
To alleviate these concerns, these materials are recycled
by crushing and using again as secondary paving
materials. Apart from virgin polymers, incorporating
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waste polymers has also been revealed to improve the
asphalt pavement properties to a level similar to that
observed with virgin polymers besides its potential
sustainable practice [9]. Researchers in the field of
pavement engineering used recycled expanded
polystyrene as Al-Haydari and Masued [10]. They
noticed a reduction in Marshall properties and increasing
moisture resistance with the inclusion of this recycled
polymer. Whereas, Ramadan et al. [11] enhanced binder
performance in terms of rutting resistance to achieve
mixtures that can sustain up to 64°C temperatures with
styrofoam incorporation. Additionally, Al-Haydari and
Al-Haidari [12] and Naghawi et al. [13] utilized recycled
polyethylene terephthalate to enhance the mechanical
properties, tensile strength, and moisture damage
resistance of the hot mix asphalt. Mosa et al. [14] also
used this type of additive to modify the warm mix asphalt
performance in terms of rutting resistance in addition to
other mechanical properties.

Plastic bags, characterized as low-density
polyethylene (LDPE), are widespread plastic polymers
that can be shredded to 5 mmx 5mm particles or smaller
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and used in paving layers. It can be used in form of pellets
or flakes. However, Angelone et al. [15] recommended
using LDPE as flakes in the paving mixture. Singh et al.
[16] stated that the inclusion of shredder polyethylene to
the asphalt mixture enhances the volumetric properties,
Marshall stability, and flow for the mixture. Also, it
improves the recovered asphalt binder in terms of
complex modulus and phase angle. Similarly, El-saikly
[17] recommended using waste plastic bags as a modifier
for pavement mixture as well as a sustainable practice.
To sum up, Wu and Montalvo [9] summarized most of
the studies conducted on the utilization of recycled LDPE
on asphalt mixture. They stated that there is a common
consensus among researchers that recycled LDPE can
enhance the mixture resistance to rutting, fatigue, and
moisture susceptibility. However, resistance against
thermal cracking is still problematic. To solve this
problem, using waste oil as facilitator can possibly
improve the aging resistance and reduce thermal cracks,
as well as enable the engineers to use an extra amount of
the recycled LDPE, as stated by Nouali et al. [18], even
with reclaimed asphalt pavement [19].

In Iraq, it is estimated that the population provides
31000 tons of solid waste daily with the capacity to
dispose of 4000 tons per day only [20]. Most of the trash
is waste plastics. This discrepancy in solid waste
production and disposing necessitates the local
government to find a suitable management system to
overcome these challenging environmental tasks.
Moreover, most of the LDPE-modified pavement
mixtures studies did not take into consideration the
change in mixture properties during the mixing and
construction process. The plastic is affected by
temperature change during mixing and compacting for
the surface paving layer. This change in behavior would
affect the pavement mixture performance. Thereby this
research aims to investigate the short-term aging to
simulate the mixture behavior when mixed, placed, and
compacted in the field. In addition, the effect of weather
through moisture susceptibility on this layer (durability)
of hot mix asphalt containing recycled plastic sheets,
made from LDPE, besides its cost-effectiveness are the
main focus of this study.

2. MATERIALS

2.1. Conventional Paving Mixture The materials
used for asphalt concrete pavement are natural quartz
aggregate with a maximum nominal aggregate size of
12.5mm, limestone dust with a 2.78 specific gravity of
mineral filler, and (40-50) penetration grade of asphalt
binder. All these materials were individually tested
following ASTM C127 and C128 procedures for coarse
and fine aggregate respectively, to ensure that it complies
with Iragi’s specifications for roads and bridges [21].

Test results are reported in Table 1. Besides, aggregate
gradation is presented in Figure 1.

2.2.Recycled LDPE Polymers The used modifier
is the shredded plastic bags, made from low-density
polyethylene, which is globally available and non-
biodegradable material.  Thermoplastic  monomer
ethylene, recycled low-density polyethylene LDPE
polymers, have been used in this study from shredded
plastic sheets, in a wet process as partial replacement of
asphalt binder. The dosage rates, used in this
investigation, are 0, 3, 6, and 9% of asphalt weight.
Material descriptions are presented in Table 2.

3. EXPERIMENTAL PROGRAM

The initial stage of the experimental program is to find
the optimum asphalt content that satisfies most of the

TABLE 1. Physical properties of aggregate
Property

Coarse Aggregate  Fine Aggregate

Apparent specific gravity 2.69 2.68
Bulk specific gravity 2.62 2.63
water absorption, % 0.49 0.61
Los-Angeles abrasion, % 27.1

N
o

N
o

Cumulative Passing Agg., %

o

0.05 0.5 5
Sieve Size, mm

Figure 1. Gradation of aggregate in wearing layer 111

TABLE 2. Properties of the LDPE waste material

Property Measure
Chemical formation (-CH2-CH2-)n
Tensile strength (N/mm?) 0.2-04
Density (gm/cm®) 0.91-0.94
Thermal expansion coefficient 100 - 220 x 108
Softening point (°c) 100-120 °c
Melting point (°C) 110
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desirable characteristics of the asphalt concrete mixture.
Triplicate samples were prepared in accordance with
ASTMD 6926 [22] at varying asphalt content (4-6) % of
mixture weight with 0.5% interval, and tested in
accordance with ASTMD 6927 [23]. From test results,
5% is found the optimum binder content the revealed
higher stability and bulk density, lower flow, with
accepted range of voids ratio.

To study the effect of the recycled LDPE on
durability and aging of HMA, three sets were prepared as
illustrated in Figure 2. The HMA samples were prepared
by heating aggregate and asphalt binder at (160, and150)
°C, respectively. Then, it was mixed together for
approximately two minutes to ensure wetting and
covering of all aggregate particles. The first two sets were
compacted by Marshall hammer for 75 blows for each
side. While the third set was placed in the oven before the
compaction stage to prepare the mixture for short-term
aging.

The work plan for this research is presented in Figure
2.

3.1.Durability  in bituminous mixes can be assessed
through water sensitivity. Index of retained strength
(IRS), the loss of pavement serviceability due to the
presence of moisture is usually used for durability
estimation. IRS is the stability ratio of water-conditioned
samples to the unconditioned ones. [24]

S
IRS=C% x 100% @)

where, IRS: Index of Retained Strength, %, Si: Marshall
stability of the standard specimens, (S wet, 60°C, and 30
min.) KN, and S;: Marshall stability of the wet
specimens, (S wet, 60°C, and 24 hrs.) KN.

The higher IRS value is the more resistance to water
damage mixture.

A total of 8 sets of Marshall specimens of Hot Mix
Asphalt stabilized with recycled LDPE additives (0, 3, 6,

Standard Marshall
Compaction

ASTM D-6926

Loose Mixure
AASHTO R-30

Mixes with 0, 3, 6, and 9% of plastic

and 9) % by weight of asphalt, were prepared and divided
into two groups (4 specimens each). The first group was
immersed in a water bath at 60°C, for 24 hours
(conditioned sample). The samples were then removed
from the water bath to be tested for Marshall Stability at
60°C. Another set of samples (unconditioned sample) are
immersed in a water bath at 60°C for a half-hour, then
tested at 60°C.

3. 2. Aging The short-term aging of the asphaltic
paving mixture is used to simulate the effect of plant
mixing and construction on the mechanical properties of
the asphalt mixture. This test was conducted under
AASHTO R30 [25] designation.

The same procedure that has been adopted to prepare
the control mixture was used except the oven- condition
stage. The loose mixtures were spread in a pan to an even
thickness of 20-50mm. The pans containing the loose
mixtures were conditioned in the oven at 135°C
temperature for 4 hours. During the condition period, the
loose mixtures were stirred every 60 minutes to ensure
uniform conditioning. After the conditioning periods, the
mixtures were removed from the oven and compacted by
a Marshall hammer in the same procedure that has been
adopted for the control mixture.

4.RESULTS AND DISCUSSION

4. 1. Analysis of Modified Bitumen  The properties
of the standard and LDPE-modified asphalt binder were
investigated through the traditional tests for the asphalt,
like penetration [26], ductility [27], and softening point
[28] tests. The blending dosage rate was limited to 9% as
a partial replacement by the weight of the asphalt.
Through visual observation, an extra amount requires
more heating and energy during blending, which is not a
cost-effective solution. Thereby, the mixes were prepared

Marshall Stability |
(water immersion for Durability
2hr.@60°C)

Marshall Properties
ASTM D-6927

Marshall Compaction
and Testing
ASTM D-6926 and
6927

— Aging

Figure 2. Flow-chart for the experimental program
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and tested with a concentration of (0, 3, 6, and 9) % by
weight of asphalt. The test results are summarized in
Table 3.

The chemical function of asphalt is similar to plastic
which is a hydrocarbon. When the plastic polymers are
induced to asphalt, it works as modifiers. This modifier
does not chemically react with base asphalt, but it is
dispersed and absorbed by the asphalt component. So,
compatibility is the main requirement to ensure
homogeneity in the asphalt medium without stratification
or cohesion, or separation from each other [9].

Table 3 summarized the penetration and ductility of
modified binders substantially decrease with an increase
of blending dosage rate. This resulted in losing
workability, thus required more heating to reach the
required viscosity that can cover all aggregate particles.
This behavior is also noted by Nouali et al. [18].
However, adding plastic to the asphalt binder increase the
plasticity and toughness of the mixture. It is also noticed
an increase in penetrability index which indicates that the
mixture would have higher temperature stability [29].
That means less affected by temperature variations.

4. 2. Analysis of the Modified Mixture All the
essential tests were performed according to ASTM
D6927 [23], ASTM D 2726 [30], and ASTM D [31] to
highlight the physio-mechanical behavior of the LDPE-
modified mixture. The test results are illustrated in Figure
3. Obviously, addition of recycled LDPE enhance the
mixture properties by increasing stability and bulk
density and reducing the flow value besides keeping
other volumetric properties with the prescribed limits
recommended by lIragi's specifications for roads and
bridges [21].

This enhancement may be attributed to the bonding
ability of the recycled plastic polymer. Since recycled
polyethylene works as a “glue” [16] to bond aggregate
particles and strengthens the aggregate-binder matrix.

TABLE 3. Physical properties of the standard and modified
asphalt binders

LDPE-dosage Penetration Ductility Softening  Penetration

point Index
Testmethods  25°C, 100g,5 25°C [0.0 o o0y
[units] s [0.1mm] cm]
0% 43 125 56 -0.16
3% 39 101 60 0.43
6% 31 87 69 1.52
9% 26 63 73 1.76
Iragi’s 40-50 >100  50-60

specification®
* Iraqi specification of roads and bridges SCRB [21]

Although, there is a reduction in pavement performance
with a 9% of LDPE rate as compared to the previous rate.
However, the laboratory test results are still within the
required limit of the Iraqgis specifications [21] and better
when compared with the reference mixture. This
reduction in performance of the 9% mixture could be
attributed to the reduction in LDPE-modified asphalt
characteristics as penetration and ductility values. This
means that the binder is stiffer and having higher
viscosity that could not cover all aggregate particles.
These deficiencies in the aggregate covering cause
improper compaction that can be inferred from other
volumetric characteristics as lower density, and higher
air voids.
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/
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Figure 3. Effect of LDPE on Phsiomechanical properties of
Asphalt Mixtures

4. 3. Durability is the ability of a material to
sustain weather conditions [32]. For pavements, moisture
is a fundamental parameter that causes pavement
deterioration in a form of moisture damage (stripping)
distress [33]. The moisture sensitivity of the control and
the recycled LDPE-modified mixtures was evaluated
following ASTM D 6927 [23] specification. This test
assesses the loss in cohesion resulted from water
ingression through the mixture. The Marshall stability of
the conditioned and unconditioned samples with the
selected LDPE dosage rates with the corresponding
Index of retained strength IRS are presented in Figure 4.
The test results indicates that the IRS increase with
increasing LDPE ratio, and the rate of increase in the
index of retained strength is improving significantly with
9% of recycled LDPE material. This behavior is also
remarked by other researchers [16]. They attributed this
behavior to the bonding ability of the polyethylene
polymer with aggregates particles, acting as glue to bind
the aggregate particles together and reduce waste ingress.
Since the moisture damage depends not only on the
aggregate mineralogy but also on asphalt-aggregate
interaction as well as other volumetric properties and the
layer film thickness [12]. Enhancing these characteristics
would result in improving the moisture resistance of the
paving mixture. Noticeably, the addition of any type of
recycled plastic polymer enhances the pavement
properties against moisture damage [12, 34], especially
when using the wet method of mixing.

4. 4. Short-term Aging Volumetric properties of
the mixture are essential in predicting the performance of
the pavement service life since they affect durability.
After the aging process, the asphalt binder loses the
volatile materials through oxidation and volatilization,
thereby reducing its volume, and increase its viscosity
[35]. Subsequently, decreasing the mixture weight, and
density. This behavior is clearly noticed in Figure 5.
Figure 6 shows the effect of short-term aging on
Marshall stability, flow, and quotient which is the ratio

18 i Dry i Wet IRS 90%

16 | | 80%

14 70% &
g 60% '~§,
< 10 50% @
= =
= 8 40% 3
g ¢ ' 30% £
wv (] E

4 ; 20% g

2 J 10%

0 0%

0 3 6 9
LDPE content, %

Figure 4. Marshall stability, and retained stability for control
and conditioned samples
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Figure 5. Effect of recycled LDPE and short-term aging on
volumetric properties of asphalt mixture
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Figure 6. Effect of recycled LDPE and short-term aging on
Marshall stability and flow of asphalt mixture

of Marshall stability to flow [15]. The aging process
causes loss of volatiles that makes the asphalt binder and
mixture stiffer and can resist deformation. This behavior
is inferred from increasing Marshall stability, and
quotient values, and decreasing flow values. Moreover,
the percent change in the modified mixture is less than
that observed in the control mix. The LDPE, when mixed
with asphalt binder, disperses and absorbed by its
components [9] making the maltene phase stiffer and less
susceptible to aging. This behavior has been also inferred
from the penetrability index, presented in Table 3, which
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shows an increase in this value with increasing dosage
rate of LDPE. So, it can be concluded that the LDPE-
modified paving mixture is less susceptible to
temperature. Especially, at high temperature that causes
rutting, which is the common type of distress in Iraq [36].

4. 5. Economic Analysis The important aspect of
sustainable production is the economic assessment to
show the cost-effectiveness of a specific intervention.
Therefore, a quantity calculation and cost analysis were
implemented and explained in Table 5. The assumptions
were set as 1 km of a four-lane highway, with a surface
thickness of 50 mm. The savings are presented in Table
6 in terms of the quantity of materials per m® of the
mixture with their corresponding cost.

A cheaper and eco-friendlier material could be
achieved by incorporating recycled LDPE in the paving
mixture as a surface layer.

TABLE 5. Design parameters for the assumed road section

Design Parameters Values
Length of pavement section 1km
Number of lanes 4
Width of lane 3.6m
Thickness of surface layer 5cm

Volume of pavement mixture length x width x thickness

=720 m?
Approximate density of surface layer 2400 kg/m?
Percentage of asphalt binder 5%

volume x mix density x

Quantity of asphalt binder binder percentage = 86400

kg = 86.4 ton
Quantity of asphalt binder for 1m? 86400 kg/720 m® = 120 kg
Bitumen cost 0.5%/kg

TABLE 7. Description of saving in binder volume and cost

LDPE The reqmred 'Quantlty o_f Saving cost

rate ) quantity of bitumen saving ($/m?)
bitumen (kg/ m®) (kg/ m3)

0% 120 0 0

3% 116.4 3.6 18

6 % 112.8 7.2 3.6

9% 109.2 10.8 54

5. CONCLUSION

The hot mix asphalt with different percentages of
recycled low-density polyethylene had been prepared and
tested for Marshall stability and flow and other

volumetric properties. Another set was immersed in

water to measure its durability, whereas the other set was

conditioned in the oven before compaction to test the

short-term aging. Based on test results, the main

conclusions can be highlighted as:

= The partial replacement of asphalt binder by
recycled LDPE enhances Marshall properties and
maintains other volumetric properties to the
specified limits. Additionally, the resistance to
moisture damage increases.

= The addition of LDPE to asphalt mixture via the wet
process improves the aging characteristics of the
short-term aged mixture.

To sum up, utilization of waste materials as
plastic bags or sheets, made from low-density
polyethylene, extends pavement service life by
enhancing pavement properties in terms of mechanical,
and physical properties, durability, aging, and provides
an economical and eco-friendly paving material and
maintain a sustainable environment.
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