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Abstract: We often use the plastics daily, containing of polyethylene plastic polymers which recently
can be utilized as additional material for road pavements. Several studies have attempted to find the
optimum proportion of an asphalt mixture using modified Asbuton which is local bitumen abun-
dantly deposited in Buton Island Indonesia, added with plastic waste. The optimum proportion of
the asphalt mixture is influenced by many factors, such as the interactions of the material component
in the asphalt mixt 0 obtain the optimum proportion based a single factor, many studies employ
statistical methods. This study aims to determine the optimum proportion for the asphalt mixture
of the modified Asbuton with PET plastic waste by using a Response Surface Methodology (RSM).
The employed RSM is the Expert Version 12 design (Stat-Ease, Inc., Minneapolis, MN, USA, 2020), in
which the statistical modeling based on Box Behnken Design (BBD) and three factorial levels. The
results obtained in this study show thgfghe RSM optimization could achieve the asphalt mixtures
characteristics including the stability, Marshall Quotient (MQ), Void in MIX (VIM), Void Mineral
Aggregate (VMA) and density, in the level of satisfying the specification requirements of Ministry of
Public Works of Indonesia. The optimum stability is at 2002.72 kg, fulfilled the minimum density
of 800 kg. For the MQ, the optimal point of MQ is 500.68 kg /mm, satisfied the minimum the MQ
standard minimum of 250 kg/mm. In addition, the optimal VIM is at 3.40%, satisfying the VIM
specifications in the range of 3-5%. The optimal VMA response is at 21.65%, which is also satisfied
the VMA specification, 15%.

Keywords: response surface methodology (RSM); PET plastic waste; modified asbuton

1. Introduction

Pavement surface layer must have the ability to be a wearing layer and have good
performance during its service life. The increase of traffic congestion has caused damage in
pavement surface layer so that it cannot reach the expected service life. The repetition of traffic
loads resulting from traffic density causes the accumulation of permanent deformation in the
asphalt concrete mixture and decreases its service life [1,2]. One way to solve the problem is
by using additives in the asphalt mixture. One of the additives is plastic waste, which contains
polymer and found as plastomeric in the nature [3,4]. Several studies have suggested that
PET plastic waste as an added material can improve the asphalt mixture performances [5-9].

In Indonesia, particularly in the island of Buton, the province of Southeast Sulawesi,
natural deposit of asphalt or rock asphalt, namely Asbuton (Natural Asphalt Buton) can
be found with abundant quantity. Asbuton is a naturally categorized as hydrocarbon
material [10-13]. Asbuton bitumen content varies from 10% to 40%, and the rest is a
mineral. The Asb@n deposit is quite large, around 600 million tons [14]. Moreover, the
Asbuton deposit is estimated to be equivalent to 24 million petroleum asphalt [15-17].
It has been established in some previous studies that the combination of PET plastic
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waste and Asbuton can increase the asphalt mixture’s stiffness, particularly the Marshall
characteristics. They can improve several essential aspects of the asphalt mixture [18-20].

However, the optimum proportion of Asbuton and PET plastic waste for the asphalt
mixture remains unclear. In general, experimental method was undertaken to evaluate a
factor’s effect in one experiment, associated with several variations and several experiments.
In research terms, this is called a single factor experiment. The experimental method’s
weakness is that the conclusions obtained are only related to the experimental factors
and are limited to 1 to 2 variables. Meanwhile, in reality, the quality of a product under
study is influenced not only by one factor but also by several factors such as the level of
modified Asbuton and the level of plastic waste. The proportions of these ingfE}ients
have interactions with one another, which significantly affect the quality of the Asphalt
concrete-wearing course (AC-WC) mixture produced [21,22].

The method of quantifying the optimum proportion of PET plastic waste and the
modified Asbuton in the asphalt mixture of AC-WC is still insufficient. Therefore, this study
aims to investigate that optimum proportion of the modified Asbuton and PET plastic waste
by using statistical techniques of Response Surface Methodology (RSM). This statistical
method can take the contribution of two or more factors in an experiment into account and
estimate the interactions and relationships between the experimental factors [23-26].

2. Materials and Methods
2.1. Physical Properties of Aggregate

Tables 1-3 show the result of laboratory tests, i.e., the characteristics of fine aggregate
(stone ash), coarse aggregate characteristics and characteristics of the filler. The coarse aggre-

gate, stone ash and filler are required to fulfil the road material’s specification according to the
2018 Bina Marga (Indonesian Ministry of Public Works) General Specifications requirement.

Table 1. Physical properties of stone ash.

. Specificati .
No. Properties Results Min Eﬂ Unit
1 Water Absorption 279 3.0 %
Bulk Specific Gravity 2.45 ﬁ
2 SSD Specific Gravity 2.52
Apparent Specific Gravity 2.63 2.5
3 Sand Equivalent 89.66 50 Yo
Table 2. Physical properties of coarse aggregate.
i Specifications
No. Properties Results. Min Max Unit
Water absorption
1 Coarse aggregate 5-10 mm 2.07 3.0 Yo
Coarse aggregate 1-2 cm 2.08 3.0 Yo
Density n
Coarse aggregate 0.5-1 cm
Bulk Specific Gravity 2.62 4]
SSD Specific Gravity 2.67 4]
2 Apparent Specific Gravity 277 25
Coarse aggregate 1-2 cm
Bulk Specific Gravity 262 25
SSD Specific Gravity 268 25

Specific Gravity 277 25
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Table 2. Cont.
Specifications
No. Properties Results. Min . Unit
Artificial Flake Index
3 Coarse aggregate 0.5-1 cm 2010 25 Yo
Coarse aggregate 1-2 cm 9.38 25 Yo
Abrasion
4 Coarse aggregate 0.5-1 cm 2572 40 Yo
Coarse aggregate 1-2 cm 2436 40 Yo
Table 3. Physical properties of filler.
Specification
No. Properties Results " Unit
Min Max
1 Water Absorption 2.28 3.0 Yo
Bulk Specific Gravity 2.60 ﬁ
2 SSD Specific Gravity 2.65 25
Apparent Specific Gravity 2.76 2
3 Sand Equivalent 69.57 50 Yo

2.2, Characteristics of Asbuton Modification

Table 4 shows the testing results of the modified Asbuton, which is the asphalt
extracted from Buton's bitumen asphalt granular and added with petroleum bitumen. The
results describe the modified Asbuton’Bigharacteristics. It can be seen that the modified

Asbuton used in this study qualified the specifications required by the 2018 General
Specifications of Bina Marga.

1
Table 4. Physical Properties of Asbuton Modification.

Specification
No. Test Results -
Min Max
1 Penetration before weight loss (mm) 78.6 60 79
r point (@

2 Flabby point (°C) 52 48 58

g Ductility at 25 °C, 5 em/min (cm) 114 100

4 Flash point (°C) 280 200

5 Specific gravity 112 1

6 Weight loss (%) 0.3 0.8

7 Penetration after weight loss (mm) 86 54

2.3. Characteristics of PET Plastic Waste

The plastic bottle used is a type of PET (Polyethylene Terephthalate), one of the
polyethylene types, namely polymer consisting of long chains of monomers ethylene
(IUPAC: ethene). The structure of molecularethene CoH, is—CH>—CHs-n. Two CH; united
by double bonds, Polyethylene is formed through a process polymerization of ethene.
Figure 1 shows a thin surface polyethylene.
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Figure 1. Thin surface Polyethylene.

PET type plastic is a brown type plastic made from petroleum. Its mechanical prop-
erties are strong, slightly translucent, high flexibility and the surface is somewhat greasy.
Ata temperature of 60 °C, PET is very resistant to chemical compounds, with a specific
gravity of 0.91-0.94 gr/cm®. PET is also a type of low-density polyethylene produced
by free radical polymerization at high temperature (200 °C) and high pressure, it can be
melted at temperature of 260 °C.

2.4. Marshall Stability

The testing method for the asphalt mixture is Marshall equfinent test refers to SN1
06-2489-1991. The quotient of stability and flow magnitude is an indicator of potential
flexibility of the asphalt mixture to cracking, and the quotientis called as Marshall Quotient.

2.5. Response Surface Methodology (RSM)

Experimental asphalt mixture design utilized in this study is Box-Behnken Design
(BBD) in which RSM is used to optimize the mixture design. The BBD is designed to form
a combination of two techniques with incomplete block design by adding the center points
or center runs to the plan. The center run (NC) is an experiment with the center point at (0,
0,...,0), and there are at least three center runs for various sums of the factor k. If there
are three factors, then the BBD design amounts to 12 plus a center run as in the equation
matrix two and can be described in Figure 2.

-1 -1 0
1 1 0
1 -1 0
1 1 0
-1 0 -1
“1 0 1
D=| 1 0 -1 (1)
1 0 1
0 -1 -1
0o -1 1
0 1 -1
0 1 1
Lo 0o 0 |
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Figure 2. Box-Behnken Design.

The experimental mixture design was carried out using Response Surface Methodol-
ogy (RSM) based on the Box-Behnken Design (BBD). The quadratic model and each variable
vary on three levels. Design Expert Version 12 (Stat-Ease, Inc., Minneapolis, MN, USA) was
used for regression analysis of experimental data and to plot response surfaces. The second
stage uses the second-order quadratic polynomial equation to evaluate each independent
variable’s main effect and interaction on the response as given by Equation (2).

Y=o+ Y BiXi+ Y ByXiXj+ ) BjX7 2
i= j=1

i<j

In Equation (2), Y represents the experimental response, i and j are linear and quadratic
coefficients, respectively, p is the regression coefficient, 1 is the number of variables studied
in the experiment, and X; is a factor (independent variable). In this experiment, the indepen-
dent variables (factor X) studied were X;: the PET ratio to Asbuton, X;: mixing temperature
ﬁ X;: mixing time, respectively. The response (Y) is characteristic of Marshall.

3. Results and Discussion
3.1. AC-WC Combined Aggregate Gradation

Figure 3 shows that the combined aggregate design or combined aggregate gradation
made is within the standard specification according to the 2018 General Specifications of
Bina Marga and has met the requirements for surface coating, so that the mixture design
can be categorized as optimal mixture design.

No.200 NoS0 N30 Nol6 NeS Nod IBIL2TI4LT ]
100.000

20.000

B0.000

70.000

60.000

50.000
40.000

30.000
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Grain size (mm)
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Figure 3. Combined aggregate gradation.
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3.2, Mixture Design Results Based on RSM (Response Surface Methodology)

Table 5 shows the mixture design of asphalt mixture using Box Behnken Design (BBD)
in the laboratory. In the fulfillment of the assumptions of Equation (2), we involved the five
response variables in continuing at the modeling stage for optimization using the method
Response Surface Methodology (RSM). This method is used to obtain the AC-WC asphalt
mixture’s optimization results using PET plastic waste and modified Asbuton based on
Marshall characteristics (stability, MQ, VIM, VMA and density).

Table 5. Mixture design of asphalt mixture using BBD.

No A: Asphalt B: PET C:Mi:{cingTime R1: Stability R2: Flow R3: MQ R4: R5: VMA R6: VFB R?E
Content (%) Content (%) (Minutes) (kN) (mm) (kN/mm) VIM (%) (%) (%) Density
1 550 2.00 25.00 18.58 4.00 464 297 2073 927 2296.00
2 550 4.00 25.00 15.35 4.00 384 177 2068 90.70 2276.00
3 600 2.00 25.00 17.56 4.00 439 324 2287 A8.pd 227800
4 6.00 4.00 25.00 17.83 4.00 446 5.00 2037 9093 224800
5 550 3.00 20.00 16.58 4.00 414 292 2092 92.09 2203.00
(] 550 3.00 30.00 1697 4.00 424 278 2086 X072 2355.00
7 6,00 3.00 20.00 1827 4.00 457 370 2070 8979 2196.00
8 600 3.00 30.00 18.82 4.00 470 525 2048 8427 2368.00
9 575 2.00 20.00 1890 4.00 472 321 21.87 8943 223400
10 575 2.00 30.00 1956 4.00 494 2.98 21.78 8923 2397 .00
1 575 4.00 20.00 1726 4.00 431 236 21.83 9147 2264 .00
12 575 4.00 30.00 17.53 4.00 438 257 2098 87 49 2378.00
13 575 3.00 25.00 1845 4.00 461 337 2193 8798 2263.00
14 575 3.00 25.00 1995 4.00 494 3.95 2235 8578 2231.00
15 575 3.0 25.00 1925 4.00 481 387 2115 9085 2316.00

The step of determining the optimum points simultaneously with RSM is through in 2
ways: manual experimentation on 15 combinations of the three parameters and by calculation
using the RSM program. The first step is to determine which parameters are representing as X1,
X2 and X3. Usually, in RSM, time and temperature are chosen as X1 and X2. Simultaneously,
other parameters are expressed as X3 because, in this system, X1 also described as is the ratio
of PET to Asbuton, the mixing temperature is X2 and X3 is the mixing time. Based on the RSM
results, Figures 4-8 present the equations for predicting Marshall characteristics.

a. Surface Stability Response Plots

Stability (kM)

58

57
25 y Az Asphalt Content (%)

B: PET Content (%)
2 55

(a) Effect of asphalt content (A) and PET content (B).

Figure 4. Cont.
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Stability (kN)

a C: Mixing Time (minutes)

(b) Effect of asphalt content (A) and mixing time (C).

Stability (kN)

(c) Effect of PET content (B) and mixing time (C).

Figure 4. Contour and 3D surface response plots for stability.

b. Marshall Quetiont (MQ) Surface Response Plot

BAQ (N frm)

2 55 5 A Asphalt Content (%)
(a) Effect of asphalt content (A) and PET content (B).

Figure 5. Cont.
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MQ (kN/mm)

56
2055 A Asphalt Content (%)

Effect of asphalt content (A) and mixing time (C).

MG {ENmen)

w2 B: PET Content (%)

(o/EEkect of PET content (B) and mixing time (C).

Figure 5. Contour and 3D surface response plots for MQ.

C. VIM Surface Response Plots

VIM (%)

VIM (3

C: Misng Time (minutes
2

56
2055 A: hsphalt Content (3}

(b) Effect of asphalt content (A) and mixing time (C).

Figure 6. Cont.
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VIM (%)

B: PET Content (%)

(c) Effect of PET content (B) and mixing time (C).
Figure 6. Contour and 3D surface response plots for VIM.

d.  VMA Surface Response Plots

VMA (%)

5
2788 A Asphalt Content (%)

(a) Effect of asphalt content (A) and PET content (B).

VMA %)

56
20755 ¢ Aaphalt Content %)

(b) Effect of asphalt content (A) and mixing time (C).

WMA %)

B: PET Content %)

(c) Effect of PET content (B) and mixing time (C).

Figure 7. Contour and 3D surface response plots for VMA.
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e. Density Surface Response Plots

Density (kg/m*3)

2 55

(a) Effect of asphalt content (A) and PET content

Density fkg/m*3)

Density (ke/m*3)

C: Mixing Time (minutes) B: PET Comtent (%)

(c) Effect of PET content (B) and mixing time (C).

Figure 8. Contour and 3D surface response plot for density.

The ANOVA is shown in Table 6, and it can be seen that the order 2 which shows the
order 2 model is suitable for this equation as evidenced by the f-value < f-table (19.16) for
each variable. The f-table value with df lack of fit as dfl and df pure error as df 2 at alpha
0.05, the f-table is 19.16. If f-value > f-table then Hj, is stuck, where the assumption for lack
of fit is that Hy does not have a lack of fit and vice versa for H;.
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Table 6. ANOVA forﬁdicting Marshall Stability based on RSM.
Variabel Source Sum of Squares df Mean Square F-Value

Residual 151 5 0.3018

Stabﬂity Lack of Fit 0.65 3 0.2163 050
Pure Error 0.86 2 0.4300
Residual 0.10 5 0.0193

MQ Lack of Fit 0.04 3 0.0138 0.50
Pure Error 0.05 2 0.0276
Residual 0.88 5 0.1750

VIM Lack of Fit 0.68 3 0.2258 229
Pure Error 0.20 2 0.0988
Residual 1.90 5 0.3799

VMA Lack of Fit 116 3 0.3860 1.04
Pure Error 0.74 2 0.3708
Residual 5732.75 5 1146.55

Densitas Lack of Fit 2046.75 3 682.25 037
Pure Error 3686.00 2 1843.00

The step of determining the optimum points simultaneously with RSM is carried outin
two ways, namely by manual experimentation on 15 combinations of the three parameters
and by calculation with the use of the RSM program. The first step to take is to determine
which parameters are represented as X1, X2 and X3. In RSM, time and temperature are
chosen as X1 and X2, while other parameters are expressed as X3 because in this system it
is also expressed as X1 is the ratio of PET to Asbuton, the mixing temperature is X2 and
X3 is the mixing time. Based on the RSM results, the equations for predicting Marshall
characteristics are shown in Table 7.

Table 7. Equations for predicting Marshall Stability based on RSM.

No Ch:‘::;f:rﬂ'ms The Equation for the Results of RSM Adj. R?
1 Stability 19.15 + 0.63A — 0.85B +0.26C + 0.88AB + 0.04AC — 0.15BC — 1.26A% — 0.56B* — 0.23C* 07975
2 MQ 479 +0.16A — 0218 +0.06C +022AB + 0.0075AC — 0.MBC — 032A% — 0.14B% — 0.06C* 0.7921
3 VIM 373 +0.84A — 0.09B + 0.17C + 0.74AB + 042AC — 0.04BC — 032A% — 0.14B% — 0.06C* 07956
4 VMA 373 +0.84A — 0.09B + 0.17C + 0.74AB + 042AC — 0.04BC — 032A% — 0.14B% — 0.06C* 03241
5 Density 2270 — 1.25A — 4.88B + ?s —250AB + 1250AC — 12.25BC — 12.87A% + 17.38B 4+ 30.87C 07424

Note: The coefficients A, B, C refer to the linear response. AB, AC and BC are interactions between independent variables. AL B andClis
a quadratic response involved in the process.

Based on the experimental design, the obtained VFB was in the range of 84.27-92.83%.
However, this data can only reach order 1, as evidenced by the test’s lack of fit in model 1,
the decision to fail to reject Hy, which means that the model is suitable, or there is no lack
of a fit model. This result leaves no increase to the 2nd order in this model. While in RSM,
optimization will occur in order 2.

3.3. Optimization of PET Levels in Marshall Characteristics

Regarding the purpose of the study, Table 8 shows the optimizing results for PET
content as much as possible in Marshall characteristics. It is shown that the optimal PET
content used was at 3.84%, with a stationary point of 0.844. It is noted that the mixing time
could not affect the stability and density of the asphalt mixture since the PET is not melted
but crystalized in temperature of AC-WC mixture.
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Table 8. Minimum PET content.

Response Variable Optimal Response As phgﬁténgzlt:;t (%) OEt;:::L?E“E]]ET o%l-i‘:;a(lﬁi:ﬁ::;‘]‘lg
Stability 19.64 kN 5.73 2.07 29.29
MQ 491 kN /mm 5.76 3.46 22.85
VIM 3.40% 5.56 249 23.07
VMA 21.65% 5.69 3.54 2254
Density 2223.06 kg/m? 5.40 2.67 18.89

4. Conclusions

The present study has observed the seven components of Marshall characteristics.
There are two components that RSM cannot optimize, i.e., Flow and Void Filled Bitumen
(VEB). Statistical tests cannot carry out the response flow because it does not have data
diversity and the VFB response matches the 1st order model. This result may be due to
the data range that is too small. Asphalt levels, PET plastic waste levels and miffghg time
have different optimum points for each response of the AC-WC mixture using modified
Asbuton as the binder.

The RSM analysis results showed that optimum proportion of asphalt and PET con-
tents in the AC-WC mixture could achieve the values of stability and MQ, VIM, VMA and
density, meet with the technical specifications required by Indonesia Ministry of Public
Works. The results also show that the PET content could enhance the VIM in the AC-WC
mixtures, indicating the durability of the AC-WC mixtures against the water infiltration.
The findings suggested the PET and the modified Asbuton for AC-WC asphalt mixtures
would be potential for future application as environmentally friendly materials for asphalt
pavement technology.

19
gtbut Cm:ribuﬁcms: Conceptualization, EE.P.L. and M.LR; Dalmlration, EE.PL.; Formal analy-
sis, A.A.; Funding acquisition, MEZ§Methodology, M.LR. and A.A.; Resources, M. Jfffoftware, EE.PL.
and A.A.; Supervision, M.LR., M.P. and A A ; Validatiotall.l’.; Visualization, EE.PL.; Writing—
original draft, EEDP.L.; Writing—review & editing, M.L.R. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study §EJavailable on request from the
corresponding author. The data are not publicly available due to restrictions eg privacy or ethical.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Tayfur, S.; Ozen, H.; Aksoy, A. Investigation of Rutting Performance of Asphalt Mixtures Containing Polymer Modifiers. Constr.
Build. Mater. 2005, 21, 328-337. [CrossRef]

2. Birgisson, B.; Montepara, A.; Romeo, E.; Roncella, R.; Napier, ].A.L.; Tebaldi, G. Determination and Prediction of Crack Patterns
in Hot Mix Asphalt (HMA) Mixtures. Constr. Build. Mater. 2008, 664-673. [CrossRef]

3. Ahmadinia, E.; Zargar, M.; Karim, M.R.; Abdelaziz, M.; Shafigh, P. Using waste plastic bottles as an additive for stone mastic
asphalt. Mater. Des. 2011, 32, 4844-4849. [CrossRef]

4, Ahmadinia, E.; Zargar, M.; Karim, M.R.; Abdelaziz, M.; Ahmadinia, E. Performance evaluation of utilization of waste Polyethylene
Terephthalate (PET) in stone mastic asphalt. Constr. Build. Mater. 2012, 36, 984-989. [CrossRef]

5. Musa, E.LA.; Haron, H.E.E Effect of the Low Density Polyethylene Carry Bags Waste on the Asphalt Mixture. Int. |. Eng. Res. Sci.
Technol. 2014, 3, 86-93.

6. Rajput, P5.; Yadav, RK. Use of Plastic Waste in Bituminous Road Construction. Int. J. Sci. Technol. Eng. (ljste) 2016, 2, 509-513.

7. Sojobi, A.O.; Nwobodo, 5.E.; Aladegboye, O.]; Pratico, EG. Recycling of Polypthylene Terepthalate (PET) Plastic Bottle Wastes in

Bituminous Asphaltic Concrete. Cogent Eng. 2016. [CrossRef]




Appl. Sci. 2021, 11, 6144 13 0t13

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

24,

26.

Soltani, M.; Moghaddam, T.B.; Karim, M.R.; Baaj, H. Analysis of Fatigue Properties of Unmodified and Polyethylene Terephthalate
Modified Asphalt Mixtures Using Response Surface Methodology. Eng. Fail. Anal. 2015, 58, 238-248. [CrossRef]

Gaus, A.; Tjaronge, M.W.; Ali, N.; Djamaluddin, R. Compressive Strength of Asphalt Concrete Binder Course (AC-BC) Mixture
Using Buton Granular Asphalt (BGA). In Proceedings of the 5th International Conference of Euro Asia Civil Engineering Forum
(EACEF-5), Surabaya, Indonesia, 15-18 September 2015; Volume 125, pp. 657-662.

Tjaronge, M.W.; Irmawaty, R. Influence of Water Immersion on Physical Properties of Porous Asphalt Containing Liquid Asbuton
as Bituminous Asphalt Binder. In Proceedings of the 3rd International Conference and Sustainable Construction Material and
Technologies-SCTM, Kyoto, Japan, 18-22 August 2003.

Tumpu, M.; Tjaronge, M.W.; Djamaluddin, A.R.,; Amiruddin, A.A.; One, L. Effect of limestone and buton granular asphalt (BGA)
on density of asphalt concrete wearing course (AC-WC) mixture. IOP Counf. Ser. Earth Environ. Sci. 2020, 419, 012029. [CrossRef]
Tjaronge, M.W.M.; Djamaluddin, A.R. Prediction of long-term volumetric parameters of asphalt concrete binder course mixture
using artificial aging test. IOP Conf. Ser. Earth Environ. Sci. 2020, 419, 012058. [CrossRef]

Suryana, A. fnventory on Solid Bitumen Sediment Using *Outcrop Drilling” in Southern Buton Region, Buton Regency, Province Southeast
Sulawesi, Colloquium on Result Activities of Mineral Resources Inventory; Directorate Minerals: Bandung, Indonesian, 2003.

Mabui, D.S.; Tjaronge, M.W.; Adisasmita, 5.A.; Pasra, M. Resistance to cohesion loss in cantabro test on specimens of porous
asphalt containing modified asbuton. IOP Conf. Ser. Earth Environ. Sci. 2020, 419, 012100. [CrossRef]

Iroth, M.W.; Tjaronge, M.W,; Pasra, M. Influence of short term oven aging on volumetric properties of asphalt concrete mixture
containing modified Buton asphalt and limestone powder filler. IOP Conf. Ser. Earth Environ. Sci. 2020, 419, 012072. [CrossRef]
Tjaronge, M.W.; Adisasmita, S.A.; Hustim, M. Analysis of stability of residue asphalt emulsion mixture containing Buton Granular
Asphalt (BGA). IOP Conf. Ser. Earth Environ. Sci. 2020, 419, 012073. [CrossRef]

Mabui, D.S.; Tjaronge, M.W.; Adisasmita, S.A.; Pasra, M. Performance of porous asphalt containing modified Buton asphalt and
plastic waste. Int. |. Geomate 2020, 18, 118-123. [CrossRef]

Ramli, M.L; Pasra, M.; Amiruddin, A.A. The sustainable performance challenge of asphalt mixture using polypropylene due to
environmental weather. IOP Conf. Ser. Earth Environ. Sci. 2020, 419, 012075. [CrossRef]

Meraudje, A.; Ramli, M.L; Pasra, M.; Amiruddin, A.A. The potential utilization of Polyethylene Terephthalate (PET) waste as fine
aggregate replacement in asphalt mixture. IOP Conf. Ser. Earth Environ. Sci. 2020, 419, 012036. [CrossRef]

Lapian, EE.P; Ramli, M.L; Pasra, M.; Arsyad, A. Opportunity applying response surface methodology (RSM) for optimization of
performing butonic asphalt mixture using plastic waste modifier: A preliminary study. IOP Conf. Ser. Earth Environ. Sci. 2020,
419, 012032. [CrossRef]

Chavez-Valencia, L.E.; Manzano-Ramirez, A.; Alonso-Guzmén, E.; Contreras-Garcia, M.E. Modeling of the performance of
asphalt pavement using response surface methodology—The kinetics of the aging. Build. Environ. 2007, 42, 933-939. [CrossRef]
Ghasemi, I.; Karrabi, M.; Mohammadi, M.; Azizi, H. Evaluating the effect of processing conditions and organoclay content on the
properties of styrene-butadiene rubber /organoclay nanocomposites by response surface methodology. Express Polym. Lett. 2010,
4, 62-70. [CrossRef]

Nassar, A.L; Thom, N.; Parry, T. Optimizing the mix design of cold bitumen emulsion mixtures using response surface methodol-
ogy. Constr. Build. Mater. 2016, 104, 216-229. [CrossRef]

Mogahaddam, T.B.; Soltani, M.; Karim, M.R.; Baaj, H. Optimization of asphalt and modifier contents for polyethylene terephthalate
modified asphalt mixtures using response surface methodology. Measurement 2015, 74, 159-169. | CrossRef]

General Specifications of Indonesia 2018 Indonesia Requirement; Director General of Bina Marga, Public Work Ministry of Indonesia:
Jakarta, Indonesia, 2018. (In Indonesian)

Standard National of Indonesia. Standard Test Method of Asphalt Mix with Marshall Test; SNI 06-2489-1991; Centre of Transportation
of Research and Development Board of Public Work Ministry of Indonesia: Bandung, Indonesia, 1991. (In Indonesian)




applsci-11-06144-Isran_dkk.pdf

ORIGINALITY REPORT

15, 8. 156 9

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS
PRIMARY SOURCES
1 Submitted to Universitas Hasanuddin 2
Student Paper %
www.openagrar.de 2
Internet Source 96
Mindaugas Matukaitis, Renaldas Urniezius, 1 o
0

Deividas Masaitis, Lukas Zlatkus, Benas
Kemesis, Gintaras Dervinis. "Synchronized
Motion Profiles for Inverse-Dynamics-Based
Online Control of Three Inextensible
Segments of Trunk-Type Robot Actuators”,
Applied Sciences, 2021

Publication

A.l. Candra, S. Winarto, A.D. Cahyono, Z.B. 1 o
Mahardana. "Optimum amount of concrete
objects of concrete asphalt layer using
limestone aggregate", Journal of Physics:
Conference Series, 2021

Publication

Submitted to University of Witwatersrand 1
%

Student Paper




Yohanis Irenius Mandik, Benjamas Cheirsilp,
Sirasit Srinuanpan, Wageeporn Maneechote
et al. "Zero-waste biorefinery of oleaginous
microalgae as promising sources of biofuels
and biochemicals through direct
transesterification and acid hydrolysis",
Process Biochemistry, 2020

Publication

T

M TA Omer, M W Tjaronge, M Passra.
"Experimental study on stability of (ac-bc)
made with asbuton modification (retona)",
|OP Conference Series: Earth and
Environmental Science, 2020

Publication

T

Submitted to Pasundan Universit
E Student Paper y <1 %
res.mdpi.com
n InternetSouFr)ce <1 %
Submitted to King Mongkut's Institute of <1 o
Technology Ladkrabang
Student Paper
Gholamreza Mohammadi Khunsaraki, Hanieh
<l

Niroomand Oscuii, Arkady Voloshin. "Study of
the Mechanical Behavior of Subcellular
Organelles Using a 3D Finite Element Model
of the Tensegrity Structure", Applied Sciences,
2020

Publication



Eunyoung Kim, S.ang Suk Kim, Sung.hee Kim. <1 o
"Effects of Infection Control Education for
Nursing Students Using Standardized Patients
vs. Peer Role-Play", International Journal of
Environmental Research and Public Health,
2020
Publication
Manorach, Kuncharika, Aphisit Poonsrisawat,
RN . <l
Nawin Viriya-empikul, and Navadol
Laosiripojana. "Optimization of Sub-Critical
Water Pretreatment for Enzymatic Hydrolysis
of Sugarcane Bagasse", Energy Procedia,
2015.
Publication
Fiona E. Pelly, Rachael Thurecht. "Evaluation <1 o
of Athletes’ Food Choices during Competition ’
with Use of Digital Images", Nutrients, 2019
Publication
Summa, Gori, Freda, Castelli, Petrarca. <1
. . %
"Development of a Dynamic Oriented
Rehabilitative Integrated System (DORIS) and
Preliminary Tests", Sensors, 2019
Publication
www.matec-conferences.or
Internet Source g <1 %
Irianto, A Rachman Djamaluddin, M Pasra, <1 o

Ardy Arsyad. "Experimental study on marshall



stability and flow of Asphalt Concrete Wearing
Course (AC-WC) mixture using Asbuton semi
extracted as binder", IOP Conference Series:
Earth and Environmental Science, 2020

Publication

Sandra Cano, Juan S. Naranjo, Cristhiam <1 o
Henao, Cristian Rusu, Sergio Albiol-Pérez. ’
"Serious Game as Support for the
Development of Computational Thinking for
Children with Hearing Impairment", Applied
Sciences, 2020
Publication
shura.shu.ac.uk

Internet Source <1 %

"7th RILEM International Conference on <'I o
Cracking in Pavements", Springer Science and ’
Business Media LLC, 2012
Publication
trepo.tuni.fi

InterrE)etSource <1 %

La One, M W Tjaronge, R Irmawaty, M Hustim. <1 %

"Effect of buton’s granular asphalt gradation
on marshall stability of cold emulsified
asphalt mixtures under wet condition", IOP
Conference Series: Earth and Environmental
Science, 2020

Publication




M Tumpu, M W Tjaronge, A R Djamaluddin, A <1 o
A Amiruddin, La One. "Effect of limestone and ’
buton granular asphalt (BGA) on density of
asphalt concrete wearing course (AC-WQ)
mixture", IOP Conference Series: Earth and
Environmental Science, 2020
Publication

canakkale.imo.org.tr <1 o
Internet Source 0

soruda ekbringo <Tw

D S Mabui, M W Tjaronge, S A Adisasmita, M <1 o
Pasra. "Resistance to cohesion loss in
cantabro test on specimens of porous asphalt
containing modificated asbuton", IOP
Conference Series: Earth and Environmental
Science, 2020
Publication

M Tumpu, M W Tjaronge, A R Djamaluddin. <1 o
"Prediction of long-term volumetric ’
parameters of asphalt concrete binder course
mixture using artificial ageing test", IOP
Conference Series: Earth and Environmental
Science, 2020
Publication

M W Tjaronge, Fakhruddin, M A Caronge, M H <1 o

Zaifullah, M F Rahmat. "Preliminary Study on



Compressive Strength of Porous Asphalt
Containing Modified Buton Asphalt, Waste
Plastic and Limestone Powder", IOP
Conference Series: Materials Science and
Engineering, 2020

Publication

Taher Baghaee Moghaddam, Mehrtash <1 o
Soltani, Mohamed Rehan Karim, Hassan Baaj. ’
"Optimization of asphalt and modifier
contents for polyethylene terephthalate
modified asphalt mixtures using response
surface methodology", Measurement, 2015
Publication
ascelibrary.or

Internet Source y g <1 %
eprints.gla.ac.uk

IntErnetSour%a <1 %
www.arpnjournals.com

InternetSourEZz J <1 %
C.T. Ratnam. "Enhancement of PVC/ENR blend

: . . <l %
properties by electron beam irradiation: effect
of stabilizer content and mixing time",

Polymer Testing, 2002
Publication
Kamila P. Liput, Adam Lepczynski, Agata <1 o

Nawrocka, Ewa Potawska et al. "Effects of
Three-Month Administration of High-



Saturated Fat Diet and High-Polyunsaturated
Fat Diets with Different Linoleic Acid (LA,
C18:2n-6) to a-Linolenic Acid (ALA, C18:3n-3)
Ratio on the Mouse Liver Proteome",
Nutrients, 2021

Publication

Exclude quotes On Exclude matches < 5 words

Exclude bibliography On



