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Abstract With large natural asphalt deposit sits in its
soils, Indonesia should not worry regarding the availability
of the pavement material in the near future. However, this
natural asphalt, called Buton Asphalt, has some deficiency
in terms of its ability to sustain crack. Therefore, it should
be modified with material resisted to cracking. One of such
materials is palm sugar fiber. The objective of this research
was to investigate the effect of adding palm sugar fiber to
the hot mix Buton-asphalt mixture based on the Marshall
characteristics. The sugar palm fiber was varied at 0.2-
0.4% of the mixture weight at 0.5-1.5cm fiber length. The
mixture preparation conformed to the 2018 Bina Marga
Specifications. The result showed that the mixture's
optimal sugar palm fiber content was 0.2% of the mixture
weight with a length of 0.5 cm. Adding sugar palm fiber
increased Marshall stability up to 3.11% and Marshall
Quotient by 15.56%. VMA and VIM also increased to
7.97% and 33.76%, respectively. The Marshall flow,
however, decreased to 13.07%. The result indicates that
adding sugar palm fiber to the mixture improved the
mixture's performance. Therefore, for future use, it is
recommended to add this fiber as the modifier. As for
future research, other types of fiber such as coconut fiber
should also be investigated for its potential use in Buton
Asphalt mix.

Keywords Buton Asphalt, Sugar Palm Fiber, VIM,
VMA, VFB, Stability, Flow, MQ

1. Introduction

Indonesia is one of the countries with the largest natural
asphalt deposit in the world, known as Buton Asphalt. The
deposit is in the form of asphalt-filled rocks mixed with
other mineral materials with bitumen content varying from
low to high (10%-30%). It is estimated that about 600
million tons of Buton Asphalt deposits (equivalent to 170
million tons of oil asphalt) reside on Buton Island [1].
However, as of today, the use of Buton Asphalt for road
construction is still low. Its performance is usually below
those of oil-based asphalt mixture, limiting its use only for
low-volume roads.

Despite these limitations, several studies have shown the
advantages of Buton Asphalt. Several road pavement trials
in Indonesia that used Buton Asphalt and oil asphalt
showed an increase in compressive strength and modulus
of elasticity of the mixture compared to those without
Buton Asphalt [2]. Hadiwardoyo [3] suggested that adding
Buton asphalt to the concrete asphalt mixture could change
the penetration index of the mix, resulting in a higher slip
resistance value. However, adding Buton asphalt may
decrease adhesiveness (cohesiveness), making it more
brittle and less elastic than pure oil-based asphalt [4].

The challenges and opportunities of using Buton Asphalt
in pavement construction should be reviewed to find
methods to address the limitation. As discussed previously,
the main problem with Buton asphalt is the crack problem
that may occur during its earlier time of service. If the



Civil Engineering and Architecture 11(5A): 3242-3248, 2023 3243

problem can be minimized, the use of Buton asphalt may
become more popular. In this case, incorporating fiber in
the mixture should improve the tensile strength of the mix.

Other researchers have used fiber in a hot mix asphalt
mixture. Arshad [5] used kenaf fiber to increase resistance
to wheel grooves, while Yao [6] used it to improve mixture
stability. The rough, grooved surface of the kenaf fibers,
such as hills, increased the ability of the mixture to bind to
each other with binders, thereby increasing resistance to
cracking [7]. Sani [8] used coconut fiber to increase
mixture stability. Other studies [9] [10] used jute fiber to
repair the cracking behavior of concrete asphalt mixtures.

Another natural fiber that can potentially be used in an
asphalt mixture is sugar palm fiber. Sugar palm trees are
abundant in Indonesia since they have many rainforests and
dry forests [11]. This plant is widely spread in Indonesia.
Huzaifah [12] showed that palm fiber has a higher tensile
strength strain value than kenaf and coconut fibers. It also
had better thermal stability than kenaf and burlap fibers
[13][6]. Huzaifah [12] also showed that sugar palm fiber
could be used as reinforcement materials for composite
materials because they had a higher tensile strength and
strain value than coconut and kenaf fibers. However, the
use of sugar palm fiber as a material strengthening material
was still underutilized.

This study aimed to investigate the effect of palm tree
fiber to the Buton asphalt mixture performance. In this case,

we varied the fiber in terms of length and weight, since
previous study [14] showed that they affect the
performance.

2. Materials and Methods

2.1. Materials

Coarse and fine aggregates came from local. Buton
Asphalt used was of Grain B-50/30. It is a grain-type
natural asphalt that contains 25 — 40% of asphalt with a
penetration index of 40-60 [15]. Oil-based asphalt used was
Asphalt 60/70, purchased from a local reseller of
PERTAMINA Asphalt. Sugar Palm Fiber was also
purchased locally.

2.2. Preparation of Materials

All materials were prepared and tested according to the
Indonesian road material specification [16]. For Buton
Asphalt, the material was tested based on Bina Marga
Specification for Grain Buton Asphalt [15]. The summary
of test results is presented in Tables 1 to 4. As can be seen
from the Tables, all materials meet the specifications.

The sugar palm fiber was prepared in three variations:
0.5 cm, 1.0 cm, and 1.5 cm of fiber length for 0.2%, 0.3%,
and 0.4% of fiber weight out of mixture weight.

Table 1. Oil-based Asphalt Test Results
Specification
No Description Unit Result Remarks
Min Max
1 Penetration Test 0,1 mm 60 70 64.367 v
2 Softening Point Test < 48 485 v
3 Ductility Test cm 100 >150 v
4 Flash Point < 232 280 v
5 Burning Point < 232 306 v
6 Specific Gravity grlcc 1 1.031 v
Table 2. Buton Asphalt B 50/30 Test Results
Specification
No Description Unit Result Remarks
Min Max
1 Asbuton Bitumen Content % 20 - 26.83 \
2 Asbuton Mineral Content % - 73.17 \
3 Grain Siz;/ E;A(s:l;t:r;ass Sieve % 100 ) 100 N
4 Penetration Test 0.1 mm 40 70 51 \
5 Softening Point Test < 50 - 51.30 \
6 Ductility Test cm 100 - >100 N
7 Specific Gravity grlcc 1 - 1.034 N

Table 3. Coarse Aggregate Test Results
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Specification

No Description Unit Result Remarks
Min Max
1 Aggregate Absorption % 3 1.779 N
2 Bulk Specific Gravity 25 - 2.55 \
3 SSD Specific Gravity - 2.595 S
4 Pseudo(—ps\ggzirfeigtgaravity . 2671 N
5 Los Angeles Abrasion % 30 14.67 \/
6 Alignment Index % 25 21.19 S
7 Oblong Index % 40 24.85 \
8 Aggregate Impact Value (AlV) % 40 14.305 \/
Table 4. Fine Aggregate Test Results
Specification
No Description Unit Result Remarks
Min Max
1 Aggregate Absorption % 3 0.22 \
2 Bulk Specific Gravity 25 - 2.714 \/
3 SSD Specific Gravity - 2.72 \/
4 Pseudo-Specific Gravity . 273 N

(Apparent)

2.3. Procedure for Specimens Preparation and Testing

Specimen preparations follow the Marshall procedure
for specimen preparation [17], except that we included
Buton asphalt and palm sugar fiber in the specimens.

The samples were prepared in two batches. Batch 1
consisted of 15 samples, and batch 2 consisted of 27
samples. Batch one was designed to determine the
optimum asphalt content for the initial mix without palm
fiber. There were 5 asphalt content variations (5%, 5.5%,
6.0%, 6.5%, and 7.0%) with 3 samples for each asphalt
content percentage.

Once the optimum asphalt content was obtained, 27
samples were prepared. These samples were designed
based on the optimum asphalt content added with sugar
palm fiber of different variations in length and content.
Palm fiber length and content variations follow the
recommendation of previous research recommendation [7],
[8]. Table 1 presents the number of samples and fiber
variations.

The prepared sugar palm fiber was heated in the oven at
a temperature of 150 <C for 90 minutes, and 1100 grams of
aggregate were heated to 160 <C. Ninety-six grams of Grain
Buton Asphalt (about 8% of the sample weight) were
mixed into the heated aggregate and stirred evenly until the
aroma of the asphalt smelled, indicating that the asphalt
inside the grain Buton Asphalt has been melted. Note that
8% of the Grain Buton asphalt used in this research was

based on Bina Marga Specification, which allows the
Buton asphalt content in the range of 7 to 10%[14]. Almost
in the same time, the oil asphalt was heated to 160<C, then
poured into the mix of aggregate + Buton Asphalt.

Table 5.
Content)

Number of samples for batch 2 (using Optimum Asphalt

Fiber Content

Fiber length
0.2% 0.3% 0.4%
0.5cm 3 3 3
1.0cm 3 3 3
1.5cm 3 3 3

The next step was to sprinkle the dried sugar palm fibers
evenly into the asphalt mixture while the asphalt mixture
remained stirred. The mixing temperature of the fibers into
the asphalt mixture was kept at 150-160<C for 5 minutes.
After that, the asphalt mixture was put into the mold, and
compacted as much as 75 times for each side. The asphalt
mixture was removed using an extruder machine. Then, it
was waited to completely dry, and was weighed. After that,
the sample was put in the water for 24 hours, weighed in
water, dried, and weighed again in the SSD condition. The
asphalt mixture was soaked for 30 minutes at 60<C before
being tested for Marshall characteristics to determine its
stability and flow.
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3. Results and Discussion

3.1. Characteristics of OAC Value without Fiber

Addition

Table 6 shows the Marshall test results from batch one
sample (without fiber). This test result was used to
determine the optimum asphalt content. Using the NAPA

procedure [18], the optimum asphalt content was

asphalt and 2.15% Buton Asphalt.

3.2. Characteristics of OAC Value with Sugar Palm
Fiber

Based on optimum asphalt content from the previous
procedure, 27 samples were then prepared (shown in Table
1) to evaluate the effect of sugar palm fiber on the Marshal
characteristics. The test results of the samples are presented
in Table 7.

determined to be 6.25%, consisting of 4.1% oil-based

Table 6. Test results from batch 1 samples (without fiber)

Asphalt content VMA VIM VFB Stability (kg) Flow (mm) MQ (kg/mm)
5% 20.98 11.65 44.53 1643.5 4.4 391.84
55% 19.03 8.32 56.32 1702.9 41 418.05
6.0 % 16.57 4.34 73.81 1796.6 4.3 417.94
6.5% 16.83 3.44 79.55 1833.9 4.2 448.73
7.0% 16.86 2.27 86.71 1728.6 4.1 432.82
Table 7. Summary of Marshall Characteristics at Optimum Asphalt Content
Fiber Fiber Length Void Mineral V(.)id n Vo.id Filled Stability
Content (cm) Aggregate Mixture Bitumen (kg) Flow (mm) MQ (kg/mm)
(VMA) (VIM) (VFB)
0% 0 17.45 476 72.71 1719.85 4.47 385.23
0,5 18.84 6.37 66.22 1773.3 3.98 445.18
0,2% 1,0 18.49 5.96 67.77 1597.8 4.83 330.60
15 18.83 6.36 66.36 1594.3 4.27 373.87
0,5 18.55 6.03 67.6 1507.5 4.30 351.14
0,3% 1,0 18.08 5.49 69.63 1533.9 4.87 315.40
15 19.66 7.32 62.85 1532.4 452 338.63
0,5 18.72 6.23 66.73 1581.9 3.93 401.87
0,4% 1,0 18.98 6.53 65.65 1607.8 4.37 369.22
15 19.52 7.15 63.38 1557.2 4.33 359.97
Table 8. Summary of optimum fiber content and length
Void Void
Czlnbt: t Flbe(rc;e)ngth Bli:tltzﬁcén Al\g;lg;::g:ie Stability (kg) Flow (mm) MQ (kg/mm) Remarks
(VFB) (VMA)

0.2% 0.50 cm 66.22 18.84 1773.28 3.98 445.18 Optimum

0.3% 0.60 cm 68.74 18.29 1515.07 4.49 339.27

0.4% 0.85cm 66.10 18.88 1608.02 4.29 376.56
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Table 9. Recapitulation of Marshall Characteristics of Variations in the Length of Sugar Palm Fibers

Sugar Palm Optimum

! VFB VMA Stability Flow MQ
Fiber Sugar Palm Remarks
Length Fiber Content (%6) (%6) (ko) (mm) (kg/mm)
0.5cm 03% 67.64 18.55 1507.50 430 351.16
1.0cm 0.4% 65.65 18.98 1607.80 437 369.22
1.5cm 02% 66.36 18.83 1594.34 4.27 378.87
The effect of fiber on the Marshall characteristics can be 3.00
seen in Figures 1 to 4. Even though all the mix meets the
specification (stability > 800 kg), adding fiber does not
. . \ - 7.00
always increase the mixture's stability. It only adds 0.2%
with 0.50 cm fiber length.
6.00
2000.00 >
= 5.00
1800.00 =
>
§ 1600.00 4.00
= 1400.00
:E 1200.00 3.00
Z 1000.00
800.00 2.00
600.00 0.2 0.3 0.4
’ 0.2 0.3 04 Fiber Content (%)
' ’ ' mmmm FL = 0.5 cm mmm FLL =1.0 cm
Fiber Content (%) mmmFL =1.5cm —Min Specs
—— Max Specs —NF
mmmFL=05cm mmmFL =1 0cmms=FL = 1.5¢cm
Specs No Fiber Figure 3. Effect of fiber on VIM
Figure 1. Effect of fiber on stability 74.00
72.00
5.00 =
450 £ 68.00
E 4.00 g 66.00
3 320 64.00
E 3.00 ’
2.50 62.00
2.00 €0.00
1.50 0.3
0.2 0.3 0.4 Fiber Content (%)
Fiber Content (%)
e FL=05cm ®mwFL=1.0cm mwFL=15cm
o FL=0.5 cm mmmm FL=1.0 cm s FL=1.5cm Min Speecs  ——NF

Max

Min —NF

Figure 2. Effect of fiber on flow

Figure 4. Effect of fiber content on VFB
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For flow characteristics, fiber increased the flow at 0.2%
and 0.3% of fiber content and 1.0 cm of fiber length. The
mix also conforms to the specification. Similar patterns
were also applied for VIM and VFB values in which the
availability of fibers did not negatively affect the mix
performance. These indicate that adding sugar palm fiber
into the mixture will increase its capability to withstand
cracking in the pavement. However, this fiber would not
contribute significantly to the rutting capability.

The research demonstrates that this mixture will be
suitable in the area where road mostly experiences cracking
such as in the urban area.

To determine the optimum fiber content and length that
will give the optimum mixture, we used DesignExpert
software [19]. Based on the analysis, it was found that the
optimum value was 0.2% fiber content with 0.5 cm fiber
length.

To determine the effect of fiber length and content to the
Marshall stability, an analysis of variance has been
conducted, as shown in Table 10. It can be seen that the sig
value is 0.424, indicating that fiber length and content do
not affect the Marshall stability of the mixture. It also
indicates that the fiber does not directly affect the rutting
performance of the mix.

Table 10. Analysis of Variance between Fiber length and content to the
Marshall stability

Type 111

Source Sum of df Mean F Sig.
Square

Squares
Corrected 145016 8 18127 107 424
Model
Intercept 68030860 1 68030860 4021  .000
Fiber 77031 2 38515 22 131
content
Fiber length 16744 2 8372 49 618
Fiber
Content* 51240.888 4 12810 75 566
Fiber length
Error 304507 18 16917
Total 68480384 27
Corrected
Total 449524 26

In addition, the result of Cantabro testing, used to
evaluate the brittleness of the mixture, also showed that it
only losses about 3.7%, meaning that the existence of fiber
does not add to the brittle of the mixture.

The above test results showed that adding sugar palm
fiber to the asphalt mixture provided a slightly increase in
the crack resistance, but not rutting resistance. In practical
perspective, the use of this type of mixture will be mostly
suitable in the area with low volume road such as in the
residential area.
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4. Conclusions

1. Adding fibers affects the characteristics of Marshall
VIM, VMA, VFB, Flow, and MQ. Fiber did not
considerably increase stability.

2. Sugar palm fiber increased the Marshall flow. It
indicates that adding fiber to the mix would improve
the crack resistance.

3. The addition of the fiber did not significantly increase
the stability of the mix, indicating that fiber would not
significantly contribute to the rutting resistance.

4. The void in Mineral Aggregate (VIM) decreased due
to fiber, indicating that the fiber fills the void.
Therefore, it may reduce the deformation capability.

5. The optimum fiber content and length were 0.2% and
0.5 cm.
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