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ABSTRACT

The road pavement layer comprises coarse aggregate, fine aggregate, filler, and asphalt. The
increasing demand for aggregate in road infrastructure has become a growing concern. According
to Bina Marga, the aggregate flakiness and elongation index in the asphalt-concrete mix is limited
to a maximum of 10%, whereas the British Standard and AASHTO in BS 812 set a limit of 25%.
This index is assessed only for coarse aggregates with a minimum passing size of 3/8”. This study
evaluates the Marshall parameters of asphalt concrete mixtures using coarse aggregates that
either fulfill or do not fulfill the flakiness and elongation index limits. The coarse aggregates were
sourced from two stone crushers in Indrapuri, Aceh Besar, while penetration-grade 60/70 asphalt
and Portland cement filler were used. Testing was conducted using the Marshall method at the
Highway Laboratory of Universitas Syiah Kuala. The results indicate that mixtures with coarse
aggregates exceeding the index limit have an optimum asphalt content (OAC) of 5.85%, while
those fulfilling the limit achieve 6.05%. Additionally, asphalt mixtures incorporating compliant
aggregates demonstrate superior stability and greater resistance to traffic loads, highlighting the

importance of using well-graded coarse aggregates in asphalt concrete mixtures.
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INTRODUCTION

The highway is a critical component of the transportation network, facilitating
both population mobility and the flow of goods. Ensuring the durability of this
infrastructure is paramount, necessitating robust pavement structures capable
of withstanding various potential threats [1,2]. Asphalt concrete pavement
is among the most prevalent types of flexible pavement in Indonesia. The
development of infrastructure has been shown to have a positive correlation
with increased demand for road materials, including asphalt and aggregate
[3,4]. The composition of this layer consists of coarse aggregate, fine aggregate,
and asphalt. The physical properties of the material, including its shape and
surface texture, can contribute to the strength of the asphalt mixture [5-7]. For

Smart Green Materials 2025, Vol. 2. No. 1 https://journal.popularscientist.org/index.php/sgm



Smart Green Materials 2025, Vol. 2. No. 1 63 of 70

this study, the flakiness and elongation indices are considered essential factors
in the analysis of coarse aggregates [8]. The hypothesis tested in this study is
that asphalt mixtures using coarse aggregates that comply with the flakiness
and elongation indices will demonstrate superior Marshall performance
characteristics compared to those that do not. Aggregate products resulting
from stone crushing operations exhibit a wide range of geometric forms, such
as round, cubic, flat, oval, and irregular shapes. Aggregates with round or oval
shapes exhibit reduced inter-aggregate bonding due to smooth surfaces and
tangent contact points, which limit interlocking [9]. Similarly, flat or elongated
aggregates, while possibly achieving better orientation, tend to fracture more
easily under load, altering the gradation and potentially reducing pavement
stability.

According to BS 812 [10,11], the maximum allowable flakiness and
elongation index in asphalt concrete mixtures is 25%, while Bina Marga (2020)
[12-14] imposes a much stricter limit of 10%. These limits apply only to coarse
aggregates with a minimum passing size of 3/8”, with no equivalent limits for
fine aggregates [15]. Previous studies have generally investigated the influence
of aggregate shape on asphalt mix properties. Still, few have directly compared
the performance of mixtures using aggregates within and beyond the strict
10% index limit imposed by Bina Marga. This study addresses that research
gap by experimentally comparing the Marshall performance of asphalt concrete
mixtures using coarse aggregates that either comply with or exceed the 10%
flakiness and elongation index threshold. This comparison is scientifically
meaningful because it evaluates the practical implications of stricter national
specifications relative to international standards. The findings may support more
effective and performance-oriented aggregate specifications in pavement design
practices. The objective of this study is to ascertain the characteristics of asphalt
concrete mixtures using coarse aggregates that either fulfill or do not fulfill
the flakiness and elongation indices, with the expectation that incorporating
aggregates that meet these indices will enhance the quality and performance of
the asphalt mixture, and vice versa.

MATERIALS AND METHODS

This research was conducted at the Highway Laboratory of the Department
of Civil Engineering at Universitas Syiah Kuala. The determination of Optimum
Asphalt Content was achieved using five asphalt levels based on the estimated
asphalt content: 5%, 5.5%, 6%, 6.5%, and 7%. This study utilized these five
asphalt content levels, with three specimens prepared for each level, resulting
in a total of 15 specimens to determine the Optimum Asphalt Content (OAC).
Subsequently, six additional specimens were prepared at the determined OAC to
compare the Marshall parameter values between asphalt concrete mixtures using
coarse aggregates that both comply with and do not comply with the flakiness
and elongation indices. This research employs the Marshall method. The test
specimens were compacted with a total of 2x75 blows, followed by Marshall
testing to obtain the optimum asphalt content value using the overlapping
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method, which involves taking the middle value of the asphalt content range
that satisfies all Marshall parameters [16-18].

AGGREGATE

The aggregates used were taken from 2 different locations in the Indrapuri
area, Aceh Besar. Prior to use, the physical properties of the aggregates were
tested in accordance with the General Specifications of Bina Marga 2018 Revision
2 (2020). The tests conducted included specific gravity and water absorption,
unit weight, Los Angeles abrasion, flakiness, elongation index, and impact
resistance. Aggregates from the first location met the flakiness and elongation
index requirements as specified by Bina Marga 2020, whereas those from the
second location did not meet these criteria.

ASPHALT

Asphalt pen 60/70 and filler material in the form of Portland cement were
tested for their physical properties in accordance with the General Specifications
of Bina Marga 2018 Revision 2 (2020). The tests included specific gravity,
penetration, ductility, and softening point.

REsurts
TESTING THE PHYSICAL PROPERTIES OF MATERIALS

Testing of the physical properties of the aggregates met the Bina Marga 2020
specification; however, at location 2, the flakiness and elongation tests did not
fulfill the specification requirement of a maximum of 10%. Fixed aggregates
were used because this study reviewed the use of coarse aggregates that did and
did not fulfill the flakiness and elongation indices. The results of the testing of
the physical properties of the aggregates can be seen in Table 1.

Table 1. Test results of physical properties of aggregates

Testing Standard Terms Unit Lolégls:iuolxtl 1 LoI:gls:iuolxtl 5
Specific gravity SNI 1969-2008 Min. 2,5 - 2.789 2.702
Water absorption SNI 1969-2008 Max. 3 % 1.044 1.040
Aggregate content AASHTO T-19-74 Min. 1 kg/dm 1.532 1.547
weight
Elongation Index ASTM D-4791 Max. 10 % 7.924 23.780
Flakiness Index ASTM D-4791 Maks. 10 % 9.907 30.513
Impact SNI 03-4426-1997 Max. 30 % 6.480 10.227
Abration SNI 2417:2008 Max. 40 % 16.440 19.146

In testing the physical properties of pen 60/70 asphalt, it fulfills the Bina
Marga 2020 specifications. The results of the asphalt physical properties test
can be seen in Table 2.
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Table 2. Test results for physical properties of asphalt

Testing Standard Terms Unit Result
Specific gravity (25 C) SNI 2441:2011 =1 - 1.031
Penetration (25 C; 5 sec; 0,1 mm; 100 gr) SNI 2456:2011 60-70 (0,1 mm) 65
Ductility (25 C; 5 cm/sec SNI 2432:2011 =100 cm >120
Softening Point; C SNI 2434:2011 =48 C 48

ASPHIAT CONTENT

The optimum asphalt content was obtained using the overlapping method.
From the distribution of data obtained, non-linear regression was determined to
be the most suitable for the relationship pattern between asphalt content and
Marshall parameters. The Marshall test results obtained Marshall parameters,
namely stability, flow, density, VIM, VMA, VFA, and MQ. The graph of optimum
asphalt content values of asphalt concrete mixtures with coarse aggregate that
fulfill and do not fulfill the flakiness and elongation index can be seen in Figure 1.
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Figure 1. Optimum asphalt content graph (a) 6.53%, (b) 6.33%
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For more details about the Marshall test results, see Table 3. Comparison of
the results of Marshall parameter values on asphalt concrete mixtures. From
the results of the Marshall test, it is found that the Marshall parameter values of
asphalt concrete mixtures with coarse aggregates fulfill the flakiness elongation
index better than those of asphalt concrete mixtures with coarse aggregates that
do not fulfill the flakiness and elongation index. The comparison results can be
seen in Table 3.

Table 3. Comparison of Marshall parameter values

Marshall Parameter Value
Marshall Asphalt Concrete Mix
Parameter fulfill the Index of Flakiness | Does not fulfill the Index of

and Elongation Flakiness and Elongation

Asphalt Content 6.53 6.33

Stability 1321.78 1254.65

Flow 3.53 3.6

Density 2.39 2.4

VIM 4.67 4.81

VMA 19.81 19.51

VFA 76.43 75.46

MQ 375.79 348.08

Discussion

Based on the results of the research conducted, the best asphalt content
in asphalt concrete mixtures is obtained at an asphalt content of 6.05% with
coarse aggregate fulfilling specifications and at an asphalt content of 5.85% with
coarse aggregate not fulfilling specifications (Figure 2). Based on the review
of the Marshall parameters, the values obtained have met the Bina Marga
2018 Revision 2 (2020) specifications. However, the comparison of the two
asphalt concrete mixtures shows that the results of the Marshall parameters
on the asphalt concrete mixture with coarse aggregates fulfill the flakiness and
elongation index are better than those of the asphalt concrete mixture with
coarse aggregates that do not fulfill the flakiness and elongation index. This is
also influenced by the aggregate used in the mix and the strength of the asphalt
concrete mix.

10000.00
1321.78

1000.00 375.79

76.43
100.00
65 19.81
8
4.67
10:08 353 2.39 II1 6
Stability (Kg) Flow (mm) Density VIM (%) VMA (%) VFA (%) MQ
(kg/cm3) (kg/mm)

m Fulfill Flankiness and Elongation Index ~ m Not Fulfill Flankness and Elongation Index

Figure 2. Marshall parameter values
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Based on the Marshall test results, the VMA value of the asphalt concrete
mixture with coarse aggregate fulfills the specification of 19.81%. This states
that the pore content between aggregates in the asphalt concrete mixture is
sufficient. Sufficient VMA is a requirement for the stability value obtained,
because the VMA value is the limit so that the density of asphalt concrete is
not excessive. In the case of asphalt concrete mixtures with coarse aggregates
that do not fulfill the flakiness and elongation index, the VMA value is 19.51%.
Based on Figure 3, it is found that the VMA value of asphalt concrete mixtures
with coarse aggregates that do not fulfill specifications is lower than that of
asphalt concrete mixtures with coarse aggregates that fulfill specifications. This
occurs because while flat and elongated aggregates may achieve better particle
orientation, they inherently exhibit poor interlocking behavior. Furthermore,
their reduced thickness makes them more susceptible to crushing under applied
loads. This can be seen in the decreasing stability values and increasing flow/
melting with the use of coarse aggregates that do not fulfill the flakiness and
elongation index. The stability value of asphalt concrete mixtures with coarse
aggregate fulfills the flakiness and elongation index, which is 1321.78 kg.
Meanwhile, the asphalt concrete mixtures with coarse aggregate did not fulfill
the flakiness and elongation index of 1254.65 kg. This value indicates that the
asphalt mixture is strong enough to withstand traffic loads. This represents an
increase of approximately 5.35% in stability when using aggregates that comply
with shape indices, demonstrating a measurable performance improvement.
Additionally, the Marshall quotient (MQ) increased by about 7.96%, indicating
better stiffness and load-bearing capacity. The flow of asphalt concrete mixtures
using coarse aggregate fulfills the flakiness and elongation index, which is 3.53
mm. Meanwhile, the asphalt concrete mixtures with coarse aggregate did not
fulfill the flakiness and elongation index of 3.6 mm. This indicates good flexibility
properties of asphalt concrete.

The VIM value obtained based on Figure 3 in the asphalt concrete mix with
aggregate roughness fulfills flakiness and elongation index is lower at 4.67%
compared to the asphalt concrete mix with aggregate roughness not fulfilling
flakiness and elongation index at 4.81%. This is because the aggregates are
better arranged, so there are fewer empty spaces in the mix, and the asphalt
can fill the spaces between the aggregates more effectively. The volume of pores
between aggregate grains filled with asphalt (VFA) in the asphalt concrete mix
with coarse aggregate fulfilling the flakiness and elongation index of 76.43%
was higher than that of the asphalt concrete mix with coarse aggregate not
fulfilling the flakiness and elongation index of 75.46%. Although this study did
not directly evaluate durability through moisture susceptibility or aging tests,
the improvements in Marshall stability and quotient suggest better resistance
to permanent deformation, which is often associated with improved long-
term durability. These findings provide practical insights for pavement design,
supporting the inclusion of flakiness and elongation index compliance (<10%)
as a material specification to ensure enhanced stability and performance in
high-traffic pavement applications. This shows that index-compliant mixes
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have slightly more voids filled by asphalt, which can affect the durability of the
pavement.

CONCLUSION
Based on the results of this research, the following conclusions can be drawn:

1. Coarse aggregates that fulfill the flakiness and elongation indices pro-
duce asphalt concrete mixtures with better Marshall parameters, espe-
cially in terms of stability, compared to mixtures using aggregates that do
not meet the indices.

2. Mixtures with aggregates that fulfill the specifications show higher sta-
bility and better resistance to traffic loads. In contrast, mixtures with
aggregates that do not fulfill the indices tend to exhibit decreased inter-
locking, reduced stability, and increased flow values.

3. Although mixtures using aggregates that do not fulfill the flakiness and
elongation indices still hold together adequately, their overall perfor-
mance is inferior to those made with aggregates that meet the specifica-
tions.

4. The study demonstrates that coarse aggregates complying with flakiness
and elongation indices limits significantly enhance the stability, strength,
and durability of asphalt mixtures, underscoring their importance in sus-
tainable pavement design.
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