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Abstract: Asbuton is an abundant indigenous resource in Indonesia. However, its
application in road construction remains limited due to its non-uniform physical
properties. Variations in bitumen content, hardness, and mineral composition resulting
from natural formation processes reduce its effectiveness as an asphalt binder. This
study aimed to evaluate the mechanical and volumetric properties of Asphalt
Concrete-Binder Course (AC-BC) mixtures incorporating extracted Asbuton modified
with waste engine oil and Low-Density Polyethylene (LDPE) using the Marshall
method. The test results showed that the extracted Asbuton did not satisfy the technical
specifications and was therefore modified with 7% waste engine oil and LDPE contents
of 0%, 0.5%, 1.0%, 1.5%, and 2.0%. The combination of 7% waste engine oil and 0.5%
LDPE exhibited the best binder performance. Subsequently, the Optimum Asphalt
Content (OAC) was determined through Marshall testing of AC-BC mixtures
incorporating of 50% Modified Asbuton (MA) using 15 specimens. The determined
OAC was then used to evaluate the properties of AC-BC mixtures with varying MA
contents of 0%, 25%, 50%, 75%, and 100%, with 15 specimens prepared for each binder
ratio. The results indicated that the mixture containing 50% MA exhibited the best
overall mechanical and volumetric performance, achieving the highest stability and
Marshall Quotient (MQ).
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stability, rutting resistance, and pavement durability
(Gusty et al., 2024; Irianto et al., 2020; Maha et al., 2024;
Rahman et al, 2024; Sihombing et al, 2021).
the utilization of Asbuton remains

Introduction

Road infrastructure development in Indonesia

continues to expand in line with economic growth and
increasing population mobility, leading to a growing
demand for asphalt. However, the domestic production
capacity of petroleum asphalt remains insufficient to
meet national demand, highlighting the importance of
utilizing locally available resources. One of the most
promising indigenous resources is Buton asphalt
(Asbuton), as Indonesia possesses abundant natural
asphalt reserves on Buton Island with a high bitumen
content (Pratama et al., 2022; Syahputra, 2019).
Numerous studies have demonstrated that semi-
extracted, fully extracted, and modified Asbuton can be
used as a binder in asphalt mixtures, improving mixture
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Nevertheless,
constrained by the non-uniform quality of its bitumen,
resulting from variations in bitumen content, hardness,
and mineral composition (Arisona, 2021; Karyawan et
al., 2023). In addition, its relatively stiff binder
characteristics make asphalt mixtures more susceptible
to cracking due to aging and repeated traffic loading
(Abualia et al., 2024; Karakas, 2026; Safaei et al., 2016).
Therefore, binder modification is required to achieve an
appropriate balance between stiffness and flexibility.
Waste Engine Oil (WEO) has been widely
investigated as a rejuvenator because it enhances binder
flexibility while restoring and improving the properties
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of aged asphalt (Wildansyah, 2020; Yandes et al., 2021).
Meanwhile, Low-Density Polyethylene (LDPE) has been
extensively used as a modifier due to its ability to
improve bitumen properties, Marshall stability, and the
deformation resistance of asphalt mixtures (Afriyanto et
al.,, 2019; Hidayati et al., 2021; Iqbal et al., 2024; Poudel et
al., 2024; Singh & Gupta, 2024). The utilization of these
two materials also contributes to more sustainable waste
management practices (Aljarmouzi & Dong, 2022; Khan
et al., 2016; White, 2020).

Previous studies have reported that modifying
Asbuton with polymer additives and rejuvenators
improves binder characteristics, while the application of
modified Asbuton in Asphalt Concrete-Binder Course
(AC-BC) mixtures produces Marshall properties that
satisfy the required specifications (Agustin, 2023;
Karyawan et al., 2023). Likewise, LDPE has been widely
applied as an asphalt modifier and has demonstrated
considerable potential for enhancing both binder
properties and asphalt mixture performance (Ghani et
al., 2022; Nisar et al., 2024). However, the application of
LDPE in extracted Asbuton modified with waste engine
oil for AC-BC mixtures has received limited attention.

Based on the foregoing, this study aims to evaluate
the effects of extracted Asbuton modified with waste
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engine oil and LDPE on the volumetric and mechanical
properties of AC-BC mixtures using the Marshall
method and to determine the optimum proportion of
modified Asbuton that provides the best overall mixture
performance.

Method

This study employed a laboratory experimental
method to evaluate the characteristics of Asphalt
Concrete-Binder Course (AC-BC) mixtures
incorporating extracted Asbuton modified with Waste
Engine Oil (WEO) and Low-Density Polyethylene
(LDPE). The experimental program was conducted at
the Transportation and Highway Engineering
Laboratory, Faculty of Engineering, University of
Mataram.

Materials Preparation

The initial stage of the study involved preparing all
materials required for the production of modified
Asbuton and AC-BC mixtures. The materials used in this
study are presented in Figure 1.

Figure 1. Research materials: (1) Extracted Asbuton, (2) 60/70 penetration grade asphalt, (3) Waste Low-Density Polyethylene
(LDPE), (4) Waste engine oil, (5) Coarse aggregate, (6) Fine aggregate, and (7) Filler.

Extracted Asbuton was modified with waste engine
oil and LDPE before being used as the binder in the AC-
BC mixtures. The coarse and fine aggregates consisted of
local crushed stone, with Portland cement used as the

filler. The combined aggregate gradation met the
required specifications for AC-BC mixtures, as shown in
Figure 2, where the gradation curve remains within the
upper and lower limits.
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Figure 2. Aggregate gradation of AC-BC mixtures
Material Testing

The subsequent stage involved evaluating the
characteristics of the constituent materials used in the
asphalt mixtures. The tests conducted on the coarse
aggregate, fine aggregate, and filler included sieve
analysis, bulk specific gravity, saturated surface-dry
specific gravity, apparent specific gravity, effective
specific gravity, water absorption, and aggregate impact
value. The 60/70 penetration grade asphalt, extracted
Asbuton, and modified Asbuton were characterized
through penetration, softening point, ductility, flash
point, specific gravity, and loss on heating tests. The test
results were used to verify that all materials satisfied the
technical requirements specified in the General
Specifications for Road and Bridge Construction, Bina
Marga 2018 Revision 2 (2020) before being incorporated
into the AC-BC mixtures (Kementerian Pekerjaan
Umum dan Perumahan rakyat & Direktorat Jenderal
Bina Marga, 2020).

Following the characterization of the extracted
Asbuton as the basis for the modification process, a
preliminary study was conducted using waste engine oil
as a rejuvenator at dosages of 5%, 6%, and 7% by weight
of the extracted Asbuton. The selected waste engine oil
contents were adapted and further developed from the
study conducted by Karyawan et al. (2023).
Subsequently, the extracted Asbuton modified with the
selected waste engine oil content that satisfied the
specification requirements was further modified by
incorporating LDPE at dosages of 0%, 0.5%, 1.0%, 1.5%,
and 2.0% by weight of the extracted Asbuton. The LDPE
dosage range was established by adapting the additive
proportions reported by Maniagasi (2020).

The modified Asbuton binder was prepared using
the wet mixing process, in which the asphalt binder and
LDPE were heated separately in different containers
until fully melted. The molten asphalt was then poured
into the molten LDPE and thoroughly mixed until a
homogeneous and uniform blend was obtained. The
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mixing temperature required to achieve a homogeneous
binder was also recorded as part of the experimental
observations (Sistra et al., 2016). Mixing was carried out
under continuous stirring until no agglomeration was
observed. The homogeneity of the modified binder was
assessed visually to ensure that the asphalt binder and
LDPE were uniformly blended without the presence of
plastic agglomerates (Afriyanto et al., 2019). At this
stage, the waste engine oil was added simultaneously
with the heating of the LDPE.

Specimen Preparation for Optimum Asphalt Content (OAC)
Determination

The AC-BC mixtures were designed using a binder
blend consisting of 50% modified Asbuton and 50%
60/70 penetration grade asphalt. The selection of this
binder proportion was based on the findings of previous
studies Agustin (2023) which reported the best overall
mixture performance at this binder composition.
Subsequently, Marshall testing was conducted to
determine the Optimum Asphalt Content (OAC), with
the asphalt content calculated based on a total mixture
mass of 1,200 grams. The number of specimens and the
selected asphalt contents are presented in Table 1.

Table 1. Number of Specimens and Design Asphalt
Contents

Aggregate and Asphalt Mixing
Asphalt Content (%)

Pb-1%

Pb-0.5 %

Pb %

Pb+0.5%

Pb +1%

Total 1

Number of Specimens

Q1 W W W W W

The AC-BC specimens were prepared by mixing the
binder with the aggregate blend according to the
predetermined aggregate gradation and trial asphalt
contents. The specimen preparation procedure consisted
of the following steps:

1) The required amount of shredded LDPE was
weighed and heated together with waste engine oil
at a temperature of 105-115°C.

2) The required amount of extracted Asbuton was
weighed and heated to 140-160°C.

3) The heated extracted Asbuton was poured into the
container containing the molten LDPE and waste
engine oil, followed by continuous mixing until a
homogeneous modified binder was obtained.

4) The modified Asbuton binder was allowed to cool to
room temperature.

5) The pre-weighed coarse aggregate, fine aggregate,
and mineral filler were combined and heated to
170°C while being thoroughly mixed.
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6) The 60/70 penetration grade asphalt and the
modified Asbuton binder were blended according to
the specified binder proportions and mixed at 140-
160°C until a homogeneous binder blend was
achieved.

7) The blended binder was added to the heated
aggregate mixture and thoroughly mixed at 140-
160°C until all aggregates were uniformly coated.

8) The asphalt mixture was placed into a Marshall mold
at a temperature of 120-135°C, with paper discs
positioned at the bottom of the mold.

9) The mixture was spaded 25 times using a spatula,
covered with a paper disc on the top surface, and
compacted with 75 blows on each face (2 x 75 blows)
using a Marshall compaction hammer.

10) After compaction, the specimen was removed from
the mold using a specimen extractor (ejector).

11)The specimens were allowed to cool at room
temperature for 24 h before being labeled according
to their respective mixture designations.

Preparation of Specimens Using the Optimum Asphalt
Content (OAC)

The specimens were prepared using the previously
determined Optimum Asphalt Content (OAC), with
varying proportions of modified Asbuton and 60/70
penetration grade asphalt according to the experimental
design. The mixture specifications adopted in this study
were based on the General Specifications for Road and
Bridge Construction, Bina Marga 2025, namely Asphalt
Concrete-Binder Course (AC-BC) for 60/70 penetration
grade asphalt mixtures and Modified Asphalt Concrete-
Binder Course (Modified AC-BC) for mixtures
incorporating  modified  Asbuton. (Kementerian
Pekerjaan Umum dan Perumahan rakyat & Direktorat
Jenderal Bina Marga, 2025). The binder composition
design based on the Optimum Asphalt Content (OAC)
is presented in Table 2. A total of 15 specimens were
prepared for each binder composition, resulting in 75
specimens for the entire experimental program.

Table 2. Binder Composition of AC-BC Mixtures

Modified Asbuton (%) Asphalt Pen 60/70 (%)
100 0
75 25
50 50
25 75
0 100

Marshall Testing

All compacted specimens were subsequently tested
using the Marshall method to determine the mechanical
and volumetric characteristics of the AC-BC mixtures.
The evaluated parameters included Voids in Mineral
Aggregate (VMA), Voids in the Mixture (VIM), Voids

Volume 12, Issue 9, 201-211

Filled with Asphalt (VFA), stability, flow, and Marshall
Quotient (MQ). The testing procedures and evaluation
criteria were conducted in accordance with the General
Specifications for Road and Bridge Construction, Bina
Marga 2025.

Result and Discussion

Material Test Results

Before specimen preparation and Marshall testing,
the constituent materials were characterized to verify
their suitability for use in the asphalt mixtures. The
detailed test results are presented in Tables 3-8. The
coarse aggregate, fine aggregate, and filler were tested
to ensure that their properties complied with the General
Specifications for Road and Bridge Construction, Bina
Marga 2018 Revision 2 (2020). As shown in Table 3, all
tested properties of the coarse aggregate, fine aggregate,
and filler satisfied the specified requirements, indicating
that these materials were suitable for use as constituents
of the pavement mixtures investigated in this study.

Table 3. Aggregate and filler test results

Aggregate testing Results  Specifications
Coarse Aggregate

Bulk Specific Gravity 2.72

Saturated Surface-Dry Specific 2.77

Gravity >25
Apparent Specific Gravity 2.86

Effective Specific Gravity 2.79

Water Absorption 1.76 <3%
Aggregate Impact Value (%) 16 <30%
Fine Aggregate

Bulk Specific Gravity 2.66

Saturated Surface-Dry Specific 2.73

Gravity >25
Apparent Specific Gravity 2.86

Effective Specific Gravity 2.76

Water Absorption 2.70 <3%
Filler (Portland Cement)

Bulk Specific Gravity 2.61

Saturated Surface-Dry Specific 2.61

Gravity >25
Apparent Specific Gravity 2.61

Effective Specific Gravity 2.61

Water Absorption 0.06 <3%

Before the modification process, the extracted
Asbuton was characterized to determine its physical
properties as a binder for AC-BC mixtures in accordance
with the requirements of the General Specifications for
Road and Bridge Construction, Bina Marga 2018
Revision 2 (2020). The evaluated properties included
penetration, softening point, ductility, flash point,
specific gravity, and loss on heating. The test results for
the physical characteristics of the Extracted Asbuton

(EA) are presented in Table 4.
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Table 4. Test results of extracted Asbuton

Types of Testing Extracted Specification
Asbuton

Penetration at 25°C (0.1 19.8 50-60
mm)

Softening Point (°C) 54 >51
Ductility at 25°C (cm) 124 >100
Flash Point (°C) 268 =232
Specific Gravity 1.06 >1.0
Loss on Heating (%) 0.09 <0.8

The test results presented in Table 4 indicate that
most of the physical properties of the extracted Asbuton
complied with the requirements of the General
Specifications for Road and Bridge Construction, Bina
Marga 2018 Revision 2 (2020). However, the penetration
value did not satisfy the specified requirement,
necessitating modification using waste engine oil. The
use of waste engine oil was based on the study by
Karyawan et al. (2023) which demonstrated that the
incorporation of waste engine oil can increase the
penetration value of Extracted Asbuton (EA) . The test
results for the physical properties of the Modified
Asbuton (MA) are presented in Table 5.

Table 5. Test results of modified Asbuton with different
waste engine oil contents
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(2020). This binder composition was subsequently
selected for use in the AC-BC mixtures. The test results
for the physical properties of the selected modified
Asbuton are presented in Table 7.

Table 7 Test results of modified Asbuton with 7% waste
engine oil and 0.5% LDPE

Types of Testing Modified Specification
Asbuton
Penetration at 25°C (0.1 mm) 51.7 50-60
Softening Point (°C) 52 >51
Ductility at 25°C (cm) 130.5 >100
Flash Point (°C) 265 >232
Specific Gravity 1.05 >1.0
Loss on Heating (%) 0.10 <0.8

Penetration Test Result  Specification
EA 100% 19.8
EA 95% + WEO 5% 39.6 50-60
EA 94% + WEO 6% 49.7
EA 93% + WEO 7% 90.4

As shown in Table 5, the penetration value of the
extracted Asbuton increased progressively with
increasing waste engine oil content. However, at a waste
engine oil content of 7%, the penetration value exceeded
the specified limit. Therefore, LDPE was incorporated to
obtain binder properties that satisfied the specification
requirements. This finding is consistent with the study
by Al-Gurah et al. (2023) which reported that the
addition of LDPE reduces the penetration value of
asphalt binders. The test results for the modified binder
incorporating LDPE are presented in Table 6.

Table 6. Test results of modified Asbuton incorporating
waste engine oil and LDPE

Penetration Test Result Specification
EA 93% + WEO 7% + LDPE 0% 90.4
EA 92.5% + WEO 7% + LDPE 0.5% 51.7
EA 92% + WEO 7% + LDPE 1% 429 50-60
EA 91.5% + WEO 7% + LDPE 1.5% 34.6
EA 91% + WEO 7% + LDPE 2% 26.2

As shown in Table 6, the modified Asbuton
containing 7% waste engine oil and 0.5% LDPE satisfied
the requirements of the General Specifications for Road
and Bridge Construction, Bina Marga 2018 Revision 2

As presented in Table 7, the modified Asbuton
containing 7% waste engine oil and 0.5% LDPE satisfied
the requirements of the General Specifications for Road
and Bridge Construction, Bina Marga 2018 Revision 2
(2020) and was therefore selected as a binder for the AC-
BC mixtures. The properties of the 60/70 penetration
grade asphalt binder were also evaluated to verify its
compliance with the technical specifications before
incorporation into the asphalt mixtures. The evaluated
properties included penetration, softening point,
ductility, flash point, specific gravity, and loss on
heating in accordance with the General Specifications for
Road and Bridge Construction, Bina Marga 2025. The
test results for the physical properties of the 60/70
penetration grade asphalt are presented in Table 8.

Table 8. Test results 60/70 penetration grade asphalt

Types of Testing Asphalt  Specification
Pen 60/70
Penetration at 25°C (0.1 mm) 66.2 60-70
Softening Point (°C) 48 >48
Ductility at 25°C (cm) 140 >100
Flash Point (°C) 290 >232
Specific Gravity 1.04 >1.0
Loss on Heating (%) 0.08 <0.8

As shown in Table 8, the 60/70 penetration grade
asphalt binder satisfied all the requirements specified in
the General Specifications for Road and Bridge
Construction, Bina Marga 2025. These results indicate
that the binder possessed the required properties for use
in the AC-BC mixtures.

Determination of the Design Asphalt Content (Pb) and the
Optimum Asphalt Content (OAC)

The initial asphalt content was determined based
on the total mixture mass, taking into account the
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proportions of each aggregate fraction, namely 44.79%
coarse aggregate, 47.87 % fine aggregate, and 7.34% filler.

Pb = 0.035(%CA) + 0.45(%FA) + 0.18(%FF) + K
Pb = 0.035(44.79) + 0.045(47.87) + 0.18(7.34) + 0.75
Pb = 5.79% ~ 6%

Based on the calculation results, the design asphalt
content (Pb) was determined to be 6.0%. Additional trial
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asphalt contents were subsequently established, as
presented in Table 1. After all trial asphalt content levels
had been defined, the Optimum Asphalt Content (OAC)
was determined. Based on the results of the volumetric
and mechanical tests, the data were compiled and
analyzed to determine the Optimum Asphalt Content
(OACQ).

Table 9. Summary of Volumetric and Mechanical Properties for Optimum Asphalt Content (OAC) Determination

Parameter Modified AC-BC Mixture Asphalt Content (%)
Specifications 5.0% 5.5% 6.0% 6.5% 7.0%
VMA (%) >14% 12.03 13.29
VIM (%) 3-5% 2.69 2.84
VFA (%) >65%
Stability (kg) >1000 kg
Flow (mm) 2-4 mm
Marshall
Quotient > 300 kg/mm
(kg/mm)
Note:

: Does not satisfy the specifications
: Satisfies the specifications

[
/]

Based on the summarized test results, an asphalt
content of 6.5% satisfied all the requirements specified in
the General Specifications for Road and Bridge
Construction, Bina Marga 2025 for Modified AC-BC. In
contrast, asphalt contents of 5.0%, 5.5%, and 6.0% did not
satisfy the specified volumetric requirements, whereas
an asphalt content of 7.0% failed to meet the required
mechanical performance criteria. Therefore, the
Optimum Asphalt Content (OAC) adopted in this study
was 6.5%.

Marshall Test Results for Mixtures with Different
Proportions of 60/70 Penetration Grade Asphalt and Modified
Asbuton

The Optimum Asphalt Content (OAC) determined
in the previous section was used as the basis for the
Marshall testing of AC-BC mixtures incorporating
different proportions of Modified Asbuton (MA).

Figure 3 shows that the Voids in Mineral Aggregate
(VMA) tended to increase with increasing proportions of
MA. The polynomial regression model produced a high
coefficient of determination (R?), indicating a strong
relationship between the proportions of MA and the
corresponding VMA values. The increase in VMA
indicates that the incorporation of the modified binder
influenced the volumetric characteristics of the asphalt
mixtures. A VMA value that is too low may make the
mixture more susceptible to traffic-induced damage,
whereas an excessively high VMA value can reduce
mixture stability and increase asphalt binder demand,
resulting in lower technical and economic efficiency
(Firda et al., 2022).

y = 0.0001x?- 0.0069x + 15.861
R2=0.9554

14.50
14.00 @ @ @ ® ®
13.50
0 25 50 75 100
MA Content (%)
=@ Average Test Result

==0-— Minimum Requirement for AC-BC and Modified
AC-BC

--------- Poly. (Average Test Result)

Figure 3. Effect of the MA Content on VMA
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Figure 4. Effect of the MA Content on VIM
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Figure 5. Effect of the MA Content on VFA

As shown in Figure 4, the Voids in the Mixture
(VIM) tended to increase with increasing proportions of
MA, exhibiting a strong regression relationship. The
high coefficient of determination (R?) indicates that
variations in binder composition had a significant
influence on the VIM values. According to Sulandari et
al. (2024), excessively low VIM values may lead to
bleeding, where asphalt migrates to the pavement
surface under traffic loading at elevated temperatures
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due to insufficient void space within the mixture.
Conversely, Wantoro et al. (2013), reported that
excessively high VIM values make asphalt mixtures
more brittle, increasing their susceptibility to premature
cracking and particle loss (stripping).

As shown in Figure 5, the Voids Filled with Asphalt
(VFA) values tended to decrease with increasing
proportions of MA. The polynomial regression model
indicated a strong relationship between the binder
composition and the corresponding VFA values. Firda et
al. (2022) reported that excessively high VFA values may
lead to bleeding due to an excessive amount of asphalt
binder filling the aggregate voids. VFA represents the
percentage of aggregate voids occupied by asphalt
binder within the mixture. Higher VFA values generally
improve the impermeability of asphalt mixtures to water
and air. However, excessively high values increase the
risk of bleeding. Conversely, low VFA values result in a
thinner asphalt film, making the mixture more
susceptible to oxidation, cracking, and a reduction in
pavement service life (Sumiati et al., 2019).

y =-0.384x2 + 40.935x + 1389.9
R?=0.9622

3000.00
2500.00

2000.00

1500.00

1000.00

StabiliTY (kg

500.00

0.00
0 25 50 75 100

MA Content (%)

——@— Average Test Result
Minimum Requirement for AC-BC
Minimum Requirement for Modified AC-BC
--------- Poly. (Average Test Result)

Figure 6. Effect of the MA Content on stability

As shown in Figure 6, the Marshall stability
increased with increasing proportions of MA, reaching a
maximum at an MA content of 50%, before decreasing at
higher MA proportions. The high coefficient of
determination (R?) indicates a very strong relationship
between binder composition and stability. The stability
of asphalt mixtures is governed by aggregate
characteristics, including particle shape, quality, surface
texture, and gradation, as well as the interaction
between aggregate particles through internal friction
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and interlocking. Furthermore, the cohesion of the
asphalt binder and the asphalt content of the mixture
also play important roles in determining stability
(Sumiati et al., 2019). The incorporation of LDPE as a
modifier has been reported to enhance stability, with the
stability generally increasing to an optimum level before
declining at higher LDPE contents (Lubis et al., 2020).

6.00

5.00 y = 0.0007x2 - 0.0642x + 4.9oif/
B r0 e R=09658 .
E ..-\W
S T 3.00
S 200 @ ° o ° ®
2

1.00

0.00

0 25 50 75 100
MA Content (%)
—0— Average Test Result

e=@==Minimum Requirement for AC-BC and
Modified AC-BC

Maximum Requirement for AC-BC and
Modified AC-BC

--------- Poly. (Average Test Result)

Figure 7. Effect of the MA Content on flow

As shown in Figure 7, the Flow value decreased
with increasing proportions of MA until reaching an
MA content of 50%, after which it increased at higher
MA proportions. The polynomial regression model
indicated a strong relationship between binder
composition and the corresponding flow values.
Asphalt mixtures with low flow values combined with
high stability tend to exhibit greater stiffness and
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brittleness. In contrast, mixtures with high flow values
and low stability are generally more plastic and
therefore more susceptible to deformation, such as
washboarding and rutting, under repeated traffic
loading (Sumiati et al., 2019).
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600.00

..........
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g

S~ 5

2P 500.00 ;

= 400.00 £ .0.1635x2 + 16.679x + 277.11

g R? = 0.9839

2 30000 . 5 o -
S 200.00

< 100.00

T 0.00

g 0 25 50 75 100
= MA Content (%)

=—=@— Average Test Result

==0— Minimum Requirement for AC-BC
Minimum Requirement for Modified AC-BC
--------- Poly. (Average Test Result)

Figure 8. Effect of the MA Content on Marshall
Quotient (MQ)

As shown in Figure 8, the Marshall Quotient (MQ)
increased with increasing proportions of modified
Asbuton, reaching a maximum at an MA content of 50%,
before decreasing at higher MA proportions. The
polynomial regression model indicated a strong
relationship between binder composition and the
corresponding MQ values. A low MQ indicates that the
asphalt mixture is relatively more plastic and flexible. In
contrast, a high MQ value reflects a stiffer mixture with
lower flexibility (Nugroho, 2019).

Table 10. Summary of the Volumetric and Mechanical Properties of AC-BC Mixtures with Different Proportions of

60/70 Penetration Grade Asphalt and Modified Asbuton

Specifications Asphalt Content
Parameter  AcBC Mixture  MOdified ACBC 50y 25% MA 50%MA  75%MA  100% MA
Mixture
VMA (%) >14% >14%
VIM (%) 3-5% 3-5%
VFA (%) 65-75% >65%
?ﬁ;’lhw > 800 kg >1000 kg
Flow (mm) 2-4 mm 2-4 mm
Marshall
Quotient > 250 kg/mm >300 kg/mm
(kg/mm)
Note:

|:| : Does not satisfy the specifications

: Satisfies the specifications
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Table 10 shows that the asphalt mixtures with 25%,
50%, and 75% MA content satisfied all the requirements
specified in the General Specifications for Road and
Bridge Construction, Bina Marga 2025 for Modified AC-
BC. In contrast, the mixture with 0% MA content did not
satisfy the flow requirement for AC-BC Mixture and
failed to meet the VFA requirement. Meanwhile, the
mixture with 100% MA content did not satisfy the flow
requirement for Modified AC-BC.

Conclusion

Based on the findings of this study, the use of
extracted Asbuton modified with 7% waste engine oil
and 0.5% LDPE significantly influenced the volumetric
and mechanical properties of AC-BC mixtures. The
incorporation of the modified Asbuton improved
mixture performance up to an optimum binder
proportion. However, excessive amounts of modified
Asbuton resulted in a deterioration of several mixture
properties, causing some binder compositions to fail to
satisfy the requirements of the General Specifications for
Road and Bridge Construction, Bina Marga 2025. A
binder composition consisting of 50% MA was identified
as the optimum proportion, providing the best balance
between volumetric and mechanical properties while
satisfying all specification requirements. These findings
demonstrate that extracted Asbuton modified with
waste engine oil and LDPE has considerable potential as
an alternative binder, reducing dependence on 60/70
Penetration Grade Asphalt (PGA) while enhancing the
utilization of Asbuton as a valuable local resource.
Furthermore, the use of waste engine oil and waste
LDPE as modifying agents contributes to more
sustainable waste management practices and supports
the development of environmentally sustainable
pavement technologies.
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