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Abstract

The disposal of plastic waste is becoming a problem and road forming agencies are still looking for asphalt mixtures possessing higher
resistance to deformation and service life. This study focused on shredded waste plastic in dry process hot mix asphalt production which involves
the incorporation of plastic particles into heated aggregates prior to bitumen mixing. Waste plastic content in asphalt mixtures varied as follows to
prepare the mixtures: 0%, 6%, 8%, 10%, 12% by weight of bitumen. Plastic content was investigated in the asphalt mixture by testing aggregate
properties, bitumen properties, Marshall stability, and Marshall flow. The results indicated that the mixture with 8% of waste plastic had the highest
average Marshall stability of 110.00 as compared to the control mixture of 102.44. This is 7.38 % higher than the control. However, statistical analysis
indicated no significant differences (at 5%) in Marshall stability between the mixtures. So, the 8% mixture is to be understood as the best performing
average mixture, and not as a statistically optimal mixture. Plastic content significantly affected the flow of the marshals, with an increase with 6%
and 8% plastic addition, and a decrease with greater plastic addition. The results indicated that the use of waste plastic in asphalt is possible by the
dry process, but a careful dose of plastic shall be used in asphalt mixture. Additional testing in terms of volumetric properties, rutting resistance,
moisture susceptibility, fatigue behavior, ageing, and field performance testing should be done prior to putting the material into practical use.
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Introduction

Plastic waste is one of the most challenging solid waste
challenges in the world. Large quantities of plastic bags, bottles,
packaging materials, disposable cups, and household plastic
products are discarded after short-term use, but many of these
materials remain in the environment for decades. Poor disposal
practices, limited recycling, and open dumping have increased the
need for practical reuse options. Bituminous time, road construction
consumes large volumes of aggregates and bituminous binders,
making asphalt pavement a possible application area for selected
waste materials [1,2]. Hot Mix Asphalt (HMA) is a versatile material
that is commonly used in the construction of flexible pavements
due to its favorable characteristics such as good riding quality,
rapid construction and adequate load distribution if it is designed
properly. But existing asphalt mixtures remain susceptible to
rutting, fatigue cracking, thermal cracking, stripping and moisture
damage. These problems become more severe under heavy traffic,
high pavement temperature, insufficient drainage, and repeated
environmental exposure. To enhance the ability of asphalt mixtures
to resist loss of stability and deformation is thus crucial to extend
service life of pavement [3,4].

Polymer modification is one of the most frequently used
asphalt modification techniques. The use of commercial polymer
modifiers may increase stiffness, elasticity, adhesion and resistance
to permanent deformation of the binder, but increases construction
cost. Waste plastic has therefore been receiving attention as a
low-cost alternative modifier, particularly as many thermoplastic
polymers are softening at the temperature of the asphalt mixing,
and so can interact with the surface of the aggregate or the
bitumen [5,6]. Asphalt mixtures with various types of plastics
have been studied such as polyethylene terephthalate (PET), low-
density polyethylene (LDPE), high-density polyethylene (HDPE),
polypropylene (PP), polyvinyl chloride (PVC), and mixed plastic
waste. The effects are not the same due to the different melting
characteristics, density, stiffness, particle shape, and compatibility
with bitumen of the various types of plastic. Therefore, the
performance of plastic modified asphalt is closely correlated
with the type of plastic, particle size, mixing temperature, binder
content, and incorporation process of the plastic [7,8].

The waste plastic can be incorporated into asphalt mixture by
two methods: the wet method and the dry method. The wet process
involves mixing the plastic directly with hot bitumen before mixing
with aggregates. The dry process is where shredded or powdered
plastic is mixed with the heated aggregates prior to the bitumen
being added. The two methods have been reported to enhance the
performance of asphalt provided the conditions are appropriate, but
the final outcome will depend on the dispersion of plastic, mixing
temperature, coating uniformity, and the interaction between the
plastic, binder, and aggregates [9,10].

The dry processis particularly attractive for practical pavements
construction as it is easier and does not require complex binder-
modification equipment. With this technique, plastic can melt and
adhere to the surface of the aggregate as a thin film. This coating
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can help decrease the water absorption, enhance binder-aggregate
bond, and increase the moisture damage resistance. In view of
this, the use of plastic waste as a viable option in flexible pavement
applications has been investigated via plastic coated aggregates
[10-12]. Researchers’ studies have reported that plastic-coated
aggregates can enhance asphalt mixture performance. Chowdhury
et al. observed improved performance characteristics in asphalt
mixes prepared with plastic-coated aggregates [13]. The study
reported that waste-plastic-coated recycled concrete aggregates
improved rutting resistance compared with untreated aggregates
[14]. PET-coated steel slag aggregates have also been reported to
improve Marshall stability, indirect tensile strength, and moisture
resistance, indicating that plastic coating can improve aggregate-
binder interaction [15].

Marshall stability is widely used as a preliminary measure of
asphalt mixture resistance to deformation under load. Although
it does not fully represent long-term pavement performance, it is
useful for comparison of asphalt mixtures in laboratory evaluations
and for conventional mix design. It has been found from past
studies that addition of waste plastic in the mixture, it increases the
Marshall stability of the mixture by increasing stiffness, aggregate
interlock and resistance to internal deformation of the mixture
[16,17]. Marshall flow is also significant as it is the deformation
of the asphalt specimen at maximum load. Plastic’s influence on
flow is not always predictable. Various studies have indicated a
decrease in the flow rate with increasing plastic contents and other
studies have indicated an increase in flow rate at moderate plastic
contents, which is attributed to changes in the binder film behavior
and coating thickness. Thus, these two should not be interpreted
independently, stability and flow [18,19].

A critical issue in plastic modified asphalt is the optimal content
of plastic. Previous studies have reported beneficial plastic contents
in dry process mixtures between a few percent and approximately
12% of the binder, and plastic-coated aggregate studies have
indicated effective plastic contents of about 8-15% depending
on the type of plastic, aggregate properties and coating method
[13,15]. However, increasing plastic content does not always
improve performance. Excesses plastic may cause and/or result
in non-uniform coating, less effective binder contact, excessive
brittleness or compaction problems [9,16,20]. Waste plastic is also
associated with enhanced moisture resistance, rutting resistance,
fatigue behavior and aging performance. Adhesion properties of
asphalt mixtures can be enhanced by waste plastic modifiers, thus
reducing the moisture damage, reported by [21]. RRP and plastic-
modified systems have also been used in other studies which
demonstrated plastic enhancement of mechanical and durability
properties, depending on the mix design and the proper amount
[22,23].

Sustainability potential of waste plasticasphaltisalsoimportant.
Recycling plastic waste as a pavement component saves landfill, can
save natural resources, and may save the amount of virgin polymer
modifiers used in the mixture. It has also been reported that there
are some benefits of material saving due to the use of plastic-coated
aggregates [24. In some studies, which show that reduced optimum
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bitumen content is possible to achieve. These benefits, however,
should be used with caution since several issues, such as high
temperature processing, emissions, and possible release of micro-
plastics remain of concern [2,7]. Despite growing research on waste
plastic-modified asphalt, several gaps remain. First, the optimum
plastic content is highly dependent on properties of local aggregate,
the grade of bituminous material, type of plastic, particle size and
the type of mixing. Second, the effects of plastic on Marshall stability
and flow are not always consistent across studies, especially when
plastic is used through the dry process as an aggregate coating
material. Third, numerous studies give average Marshall values
without referring to variability, statistical reliability or whether or
not an improvement is considered significant.

Accordingly, this study attempts to investigate the use of
shredded waste plastic in hot mix asphalt by dry process. Waste
plastic asphalt mixtures of 0%, 6%, 8%, 10% and 12% by weight
of bitumen were prepared and tested. Aggregate characterization,
bitumen testing, Marshall stability, Marshall flow, standard
deviation, coefficient of variation, and one-way ANOVA were used
to evaluate the effect of plastic content on mixture performance.
The main objective is to identify the plastic content that results in
the best average Marshall response while maintaining reasonable
deformation behavior.

Materials and Methods
Experimental Framework

The experimental program consisted of testing to determine
the effect of shredded waste plastic on Marshall stability and flow
of hot mix asphalt produced by the dry process. Material selection,
preparation of waste plastics, characterization of aggregates,
characterization of bitumen, preparation of plastic-coated
aggregates, preparation of Marshall specimens, and Marshall
stability and flow tests were included in the study. The entire
experimental procedure is shown in Figure 1. The flow of work
starts by the collection of aggregates, bitumen and waste plastic,
then laboratory characterization of the aggregates and bitumen.
After determining the control asphalt mix, shredded waste plastic
was incorporated into hot aggregates using the dry process. Asphalt
mixtures were then prepared at different waste plastic contents,
compacted into Marshall specimens, and tested for stability and
flow. The control mixture was prepared without waste plastic,
while modified mixtures were prepared with 6%, 8%, 10%, and
12% waste plastic by weight of bitumen. The performance of each
mixture was compared with the control mixture to identify the
optimum plastic content.

&

1. Materials Collection
[Aggregates, bitumen, and waste plastic)

2. Characterization of aggregates
(Abrasion, impact value, sperific gravity, water absorption, and soundness)

3. Characterization of bitumen
[Penetration, ductility; saftening point, specific gravity, flash point, and fire point]

4. Determination of optimum bitumen content
(Control HMA mix using Marshall mix design)

5. Waste plastic Preparation

6. Preparation of plastic-coated apgregates
{Dry process]

7. Preparation of HMA mixtures at different plastic contents
(0%, 636, 5%, 10%, and 12% by weight of bitumen]

8. Marshall specimen preparation and compaction

9. Marshall stability and flow testing

10. Analysis of results and selection of optimum plastic content

Figure 1: Experimental workflow for preparation and evaluation of waste plastic-modified hot mix asphalt.
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Materials Used asphalt mixture, bitumen acted as the binder, and waste plastic was
used as a modifying/coating material through the dry process. The
materials and their functions are summarized in Table 1, and the
physical appearance of the major materials are shown in Figure 2.

The main materials used in this study were coarse aggregate,
fine aggregate, 80/100 penetration grade bitumen, and shredded
waste plastic. Aggregates formed the mineral skeleton of the

Figure 2: Materials used in the Research: (a) Waste plastic, (b) Aggregates, and (c) bitumen.
k J

Table 1: Materials used in the experimental Study.

Material Description Function in asphalt mixture
Coarse aggregate Locally available road aggregate Provides structural skeleton and load resistance

Fine aggregate Fine mineral fraction within selected gradation Fills voids and improves mixture packing
Bitumen 80/100 penetration grade bitumen Acts as binder

Waste plastic Shredded locally available plastic waste Modifier/coating material

Marshall mould and compactor Standard Marshall equipment Specimen preparation
Marshall testing machine Laboratory testing apparatus Stability and flow measurement
Waste Plastic Preparation added to hot aggregates during the dry mixing process so that the

softened plastic could coat the aggregate surface. The preparation
details and dosage levels of waste plastic are given in Table 2. The
visual process of waste plastic preparation should be shown in

Waste plastic material was collected from locally available
discarded plastic products and manually cut into smaller pieces
before use. The shredded plastic particle size ranged approximately

) ) Figure 3.
from 2.36 mm to 4.75 mm. The prepared plastic particles were

( )

Figure 3: Waste plastic preparation: (a) collected waste plastic, (b) cutting/shredding process and shredded plastic particles.
k J
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Table 2: Waste plastic preparation and dosage levels.

Parameter

Description

Plastic source

Locally available waste plastic

Preparation method

Manual cutting/shredding

Approximate particle size

2.36-4.75 mm

Incorporation process

Dry process

Application method

Coating over heated aggregates

Plastic contents

0%, 6%, 8%, 10%, and 12% by weight of bitumen

Dry Process for Plastic-Coated Aggregates

Waste plastic was incorporated using the dry process.
In this method, aggregates were first heated to the required
mixing temperature. Shredded plastic was then added to the hot
aggregates, allowing the plastic particles to soften and coat the
aggregate surface. After coating, hot bitumen was added and mixed
until a uniform asphalt mixture was obtained. The dry process
was selected because it is simple and does not require high-shear
binder-modification equipment. The coating formed on aggregate
surfaces may improve aggregate-binder adhesion and reduce water

Table 3: Aggregate and bitumen characterization methods.

entry at the aggregate surface.
Aggregate and Bitumen Characterization Methods

Before asphalt mixture preparation, aggregates and bitumen
were tested to confirm their suitability for pavement use. The
aggregate tests included Los Angeles abrasion, aggregate impact
value, specific gravity, water absorption, and soundness. The
bitumen tests included penetration, ductility, softening points,
specific gravity, flash points, and fire points. The characterization
methods are summarized in Table 3.

Material Test Purpose Standard
Aggregate Los Angeles abrasion test Evaluates resistance to abrasion and wear AASHTO T 96
Aggregate Aggregate impact value test Evaluates toughness under impact loading BS 812-112
Aggregate Specific gravity test Determines density and quality of aggregate ASTM method
Aggregate Water absorption test Determines absorption capacity BS 812-2
Aggregate Soundness test Evaluates resistance to weathering and disintegration ASTM C88
Bitumen Penetration Hardness/softness of binder ASTM D5
Bitumen Ductility Adhesion and elongation behavior ASTM D113
Bitumen Softening point Temperature susceptibility ASTM D36
Bitumen Specific gravity Binder density ASTM D70
Bitumen Flash and fire point Heating safety limits ASTM D92

Aggregate Gradation

Class-A aggregate gradation was used for preparing the hot mix
asphalt mixtures. Proper aggregate gradation is important because

Table 4: Aggregate gradation used for HMA mixtures.

it controls mixture density, void structure, binder demand, stability,
and flow. The aggregate gradation used in the mixture design is
shown in Table 4.

Sieve size Sieve size (mm) Control HMA passing (%) Midpoint specification (%) Specification limit (%)
1lin. 25 100 100 100
3/4 in. 19 96 95 90-100
1/2in. 12.5 79.3 — —
3/8in. 9.5 63.9 63 56-70
No. 4 4.75 41.8 42.5 35-50
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No. 8 2.38 30.2 29 23-35
No. 50 1.18 7.9 8.5 12-May
No. 200 0.075 2.8 5 8-Feb

Mixture Design Matrix

The asphalt mixtures were prepared with different percentages
of waste plastic in terms of the bitumen’s weight. The design matrix

Table 5: Asphalt mixture design matrix.

for the mixtures is presented in Table 5. The control mixture, WPO,
contained no waste plastic, while WP6, WP8, WP10, and WP12
contained 6%, 8%, 10%, and 12% waste plastic, respectively.

Mix ID Waste plastic content Incorporation method

WPO 0% Control mixture

WP6 6% Dry process/plastic-coated aggregates

WP8 8% Dry process/plastic-coated aggregates
WP10 10% Dry process/plastic-coated aggregates
WP12 12% Dry process/plastic-coated aggregates

Marshall Specimen Preparation

Marshall specimens were prepared using the selected aggregate
gradation, 80/100 penetration grade bitumen, and various
contents of waste plastic. The aggregates were first heated and then
the shredded plastic was added to form plastic coated aggregates.
Hot bitumen was then added and mixed to get a uniform asphalt
mixture. The prepared mixture was placed in a heated Marshall
mould and compacted with Marshall compaction hammer. Each
specimen was struck on one face with 50 hammer blows and then
struck on the other face with the same number of blows. After
compaction, the specimens were allowed to cool before being

Table 6: Marshall stability and flow test conditions.

removed from the mould.
Marshall Stability and Flow Testing

Marshall stability and flow tests were conducted to measure
load resistance and deformation. Compacted specimens were
placed in a water bath at 60 + 1°C for about 30-40 minutes prior
to testing. The specimens were then subjected to loading under
Marshall testing machine at a deformation rate of 50 mm /min to
maximum load. Marshall stability value was used as the maximum
load, and the deformation value was recorded as the flow. The
summary of the test conditions is presented in Table 6.

Parameter Test condition
Test temperature 60 +1°C
Conditioning method Water bath
Conditioning time 30-40 min
Loading rate 50 mm/min

Main outputs

Marshall stability and flow

Replicates

Three specimens per mixture

Data Processing and Optimum Plastic Content Selection

Three replicate specimens were used for each mixture, and the
mean and standard deviation were determined for each mixture,
as well as the coefficient of variation. The percentage change of
the Marshall stability in comparison to the control mixture was
determined from:

where is the average Marshall stability of the plastic-modified
mixture and is the average Marshall stability of the control mixture.

One-way Anova analysis of variance was used to examine
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whether plastic content had a statistically significant effect on
Marshall stability and flow. A significance level of p < 0.05 was used.

Results and Discussion
Aggregate Characterization Results

The characterization results of the aggregates are summarized
in the following Table 7. The tests were conducted to determine
the suitability of the selected aggregates in preparing for the HMA.
The Los Angeles abrasion value was 26.6% which is less than the
abrasion value specified as 30%, indicating good abrasion and wear

Sagar Ali, Zubair Gul Mangi and Ahsan Ali. Marshall
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resistance. The maximum permissible limit for the aggregate impact
value is 30% and the obtained value was 15.18%, which means it
has good toughness under impact loading. The specific gravity of
aggregate was 2.89 which is within the specified range of 2.5-3.0.
Water Absorption value: 2.12% (which is below the maximum limit

Table 7: Characterization of Aggregates results.

of 3.5%) means that the material has acceptable water absorbing
properties. The soundness value was low at 2.48% as compared to
the specified value of 12% indicating good resistance to weathering
and disintegration. In general, the selected aggregate satisfied the
basic requirements to make Marshall mixtures.

S. No. Test Standard Specification/range Result
1 Los Angeles abrasion AASHTO T 96 <30% 26.60%
2 Aggregate impact value BS 812-112 <30% 15.18%
3 Specific gravity ASTM 2.5-3.0 2.89
4 Water absorption BS 812-2 <3.5% 2.12%
5 Soundness test ASTM (88 <12% 2.48%

Bitumen Characterization Results

The characterization results of bitumen are presented in Table
8. The binder used in this study was 80/100 penetration grade
bitumen. The flash point and fire point were 270°C and 330°C,
respectively, indicating that the binder could be safely heated
during preparation of asphalt mixture. The ductility test presented

no breaking, suggesting adequate elongation and adhesive behavior.
The specific gravity of bitumen was 1.01, while the penetration
value was noted as 61-70. The softening point was 47°C, indicating
the binder’s temperature susceptibility. These results confirm that
the bitumen was suitable for preparing the asphalt mixtures used
in this study.

Marshall Stability
( )
Marshall Stability vs Waste Plastic Content
115
Z
= 110
=
< 105
=
= 100
w
=
= 95
20
0% 0% 8% 10% 12%
Waste plastic content (%)
Figure 4: Variation of Marshall stability with waste plastic content.
- J

Table 8: Bitumen characterization results.

S. No. Test Standard Result
1 Flash point ASTM D92 270°C
2 Fire point ASTM D92 330°C
3 Ductility ASTM D113 No breaking
4 Specific gravity ASTM D70 1.01
5 Penetration ASTM D5 61-70
6 Softening point ASTM D36 47°C
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Table 9: Marshall stability statistical summary.

Waste plastic content (%) | Sample1 | Sample 2 Sample 3 Mean stability SD CV (%) Change vs. control (%)
0 119 86.4 101.92 102.44 16.31 15.92 0
6 107.12 101.37 100 102.83 3.78 3.67 0.38
8 80 130 120 110 26.46 24.05 7.38
10 90 90 120 100 17.32 17.32 -2.38
12 95 90 110 98.33 10.41 10.58 -4.01

Marshall stability was used to evaluate the resistance of asphalt
mixtures to deformation under load. The statistical summary of the
Marshall stability results is presented in Table 9, and the stability
trend with standard deviation error bars is shown in Figure 4.
The control mixture achieved an average Marshall stability value
of 102.44. At 6% of waste plastic content, the average stability
increased slightly to 102.83, corresponding to a marginal increase
of 0.38%. The highest average stability was recorded at 8% waste
plastic content, with a mean value of 110.00, representing a 7.38%
increase compared with the control mixture. However, stability
decreased when the plastic content was increased beyond 8%.
The mixtures containing 10% and 12% waste plastic had stability
values of 100.00 and 98.33, respectively. The results indicate that
an increase in plastic content beyond this point might not increase
the load-resisting capacity of the asphalt mixture.

The fluctuation in stability should also be taken into account.
The 8% mixture had the highestaverage stability but also the largest
standard deviation, 26.46, and coefficient of variation, 24.05%.
One-way ANOVA showed that the impact of waste plastic content
on Marshall stability was not statistically significant at the 5% level,
. Therefore, the 8% mixture should be interpreted as the mixture

with the highest average stability. The improvement at moderate
plastic content may be related to better coating of aggregate particles
and improved aggregate-binder interaction. When shredded plastic
is added to hot aggregates, it softens and forms a film around the
aggregate surface. This coating can increase internal resistance to
deformation. At higher plastic contents, however, the coating may
become too thick or non-uniform, reducing effective bitumen-
aggregate contact and disturbing mixture cohesion.

Marshall Flow

Marshall flow represents the deformation of the asphalt
specimen at maximum load. The statistical summary of Marshall
flow is presented in Table 10, and the flow trend with standard
deviation error bars is shown in Figure 5. The control mixture had
an average flow value of 3.60 mm. The flow increased to 5.93 mm
at 6% waste plastic and reached 6.10 mm at 8% waste plastic. At
higher plastic contents, the flow decreased to 3.30 mm and 3.00
mm for the 10% and 12% mixtures, respectively. Unlike Marshall
stability, the flow response was statistically significant. One-way
ANOVA showed that waste plastic content had a significant effect
on Marshall flow at the 5% level, . This shows that plastic dosages
have a measurable influence on deformation behavior.

4 N
Marshall Flow vs Waste Plastic Content
.
E 6
Es
34
]
- 3
£
w2
©
0
0% 6% 8% 10% 129%p
‘Waste plastic content (%)
Figure 5: Variation of Marshall flow with waste plastic content.
\ J
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Table 10: Marshall flow statistical summary.

Waste plastic content (%) Sample 1 Sample 2 Sample 3 Mean flow (mm) SD CV (%)
0 3 3.3 4.5 3.6 0.79 22.05
6 6.8 5 6 5.93 0.9 15.2
8 4.8 6.5 7 6.1 1.15 18.91
10 2.5 3 4.4 3.3 0.98 29.85
12 2 4 3 3 1 33.33

The change of flow at 6% and 8% can be related to changes
in coating thickness, binder film behaviour and structure of the
internal mixture. The lower flow readings at 10% and 12% may
suggest that the stiffness has increased and the ability to deform
has decreased. These findings demonstrate the need not consider
flow as independent of stability. A mixture should have sufficient
resistance to load while maintaining acceptable deformation
behavior.

Stability-Flow Relationship and Optimum Plastic
Content

The combined stability and flow results show that 8% waste
plastic results the best average Marshall response among the tested
mixtures. At this, the mixture achieved the highest mean stability of
110.00 and a mean flow value of 6.10 mm. The percentage change
in stability relative to the control mixture is presented in Table 11
and shown in Figure 6.

~
Percentage Change in Marshall Stability
Relative to the Control Mixture

8
&
= 6
=
= 4
=]
=]
e 2
&
E o0 — —
-;5_, 0 6 8 10
= 2
2
= -4
=
© 6

) Waste plastic content (%)
Figure 6: Percentage change in Marshall stability relative to the control mixture.
N J

Table 11: Percentage change in Marshall stability relative to the control mixture.

Waste plastic content (%) Mean stability Change relative to control (%)
0 102.44 0
6 102.83 0.38
8 110 7.38
10 100 -0.38
12 98.33 -4.01

Even though the 8% mixture produced the highest average
stability, the ANOVA result showed that the stability differences
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among mixtures were not statistically significant. For this reason,
8% waste plastic should be described as the best average-
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performing content, significantly than a statistically confirmed
optimum. The reduction in average stability at 10% and 12%
suggests that excessive plastic may reduce mixture cohesion. This
behavior can occur when the plastic coating becomes uneven or
may be too thick, limiting effective contact between bitumen and
aggregate. Therefore, waste plastic addition should be controlled
precisely and not increased simply to maximize waste reuse.

Mechanistic Interpretation

The improvement in average Marshall stability at moderate
plastic content can be explained by the dry-process coating
mechanism. When shredded waste plastic is added to heated
aggregates, the plastic softens and adheres to the aggregate surface,
forming a thin coating. This coating may improve aggregate-binder
adhesion, increase internal resistance to deformation, and reduce
water entry at the aggregate surface. At 8% waste plastic content,
the coating appears to provide the most favourable average
response among the tested mixtures. However, at 10% and 12%,
excess plastic may have produced a thicker or less uniform coating,
reducing effective contact between bitumen and aggregate. This
can disturb mixture cohesion and explain the decrease in average
Marshall stability at higher plastic contents.

Sustainability Implications

Theuse ofwaste plasticinasphaltmixtures offersapossibleroute
for reusing non-biodegradable plastic waste in road construction.
From an engineering perspective, the mixture containing 8% waste
plastic showed the highest average Marshall stability, suggesting
a potential improvement in resistance to deformation under load.
From an environmental perspective, the dry process provides a
practical method for incorporating discarded plastic materials
into asphalt mixtures. However, these sustainability benefits
should be considered preliminary. The present study did not
evaluate emissions during mixing, microplastic release, life-cycle
performance, moisture susceptibility, rutting resistance, fatigue
behavior, or field durability. Therefore, the results support the
potential use of waste plastic-modified asphalt, but they do not yet
confirm long-term sustainability or field performance.

Conclusions

This study evaluated the effect of shredded waste plastic on the
Marshall stability and flow behavior of hot mix asphalt prepared
using the dry process. Based on the experimental results, the
following conclusions are drawn:

a.  The selected aggregates and 80/100 penetration grade
bitumen satisfied the basic requirements for preparing hot mix
asphalt mixtures.

b.  The mixture containing 8% waste plastic produced the
highest average Marshall stability, with a value of 110.00,
compared with 102.44 for the control mixture.

c.  The 8% waste plastic mixture showed a 7.38% average
increase in Marshall stability relative to the control mixture.
However, ANOVA showed that the stability differences among
the mixtures were not statistically significant at the 5% level.
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Therefore, 8% waste plastic should be described as the best
average-performing content, not as a statistically proven
optimum.

d.  Marshall stability decreased when waste plastic content
increased to 10% and 12%, suggesting that excessive plastic
addition may reduce mixture cohesion and weaken aggregate-
binder interaction.

e.  Marshall flow was significantly affected by waste plastic
content. Flow increased at 6% and 8% plastic content, then
decreased at 10% and 12%, indicating that plastic dosage
influences deformation behavior.

f. The dry process provides a simple method for
incorporating shredded waste plastic into asphalt mixtures by
coating heated aggregates before bitumen addition.

g.  The results indicate that waste plastic-modified asphalt
has potential for sustainable pavement applications, but further
testing is required before field implementation.

Limitations and Future Research
a)  This study was limited to Marshall stability and flow tests.

b)  Future work should include air voids, VMA, VFA, density,
and optimum binder content.

c¢) Additional performance tests such as rutting, fatigue,
moisture susceptibility, indirect tensile strength, and resilient
modulus are needed.

d) Field trials should be conducted to confirm real pavement
performance.

e) Future studies should compare different plastic types
such as PET, PE, LDPE, HDPE, and PP.

f)  Environmental effects such as
microplastic release, life-cycle impact, and cost-benefit analysis

should be evaluated

mixing emissions,
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