
applied  
sciences

Article

The Performance Modeling of Modified Asbuton and
Polyethylene Terephthalate (PET) Mixture Using Response
Surface Methodology (RSM)

Franky E. P. Lapian, M. Isran Ramli * , Mubassirang Pasra and Ardy Arsyad

����������
�������

Citation: Lapian, F.E.P.; Ramli, M.I.;

Pasra, M.; Arsyad, A. The

Performance Modeling of Modified

Asbuton and Polyethylene

Terephthalate (PET) Mixture Using

Response Surface Methodology

(RSM). Appl. Sci. 2021, 11, 6144.

https://doi.org/10.3390/app11136144

Academic Editor: Guoming Liu

Received: 21 March 2021

Accepted: 28 June 2021

Published: 1 July 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Department of Civil Engineering, Faculty of Engineering, Hasanuddin University, Makassar 90245, Indonesia;
lapianedwin@gmail.com (F.E.P.L.); mubapasra@gmail.com (M.P.); ardyarsyad@gmail.com (A.A.)
* Correspondence: isranramli@unhas.ac.id

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 mixture. To 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 that the 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 Asbuton 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 ingredients
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.

No. Properties Results
Specification

Unit
Min Max

1 Water Absorption 2.79 3.0 %

2

Bulk Specific Gravity 2.45 2.5

SSD Specific Gravity 2.52 2.5

Apparent Specific Gravity 2.63 2.5

3 Sand Equivalent 89.66 50 %

Table 2. Physical properties of coarse aggregate.

No. Properties Results.
Specifications

Unit
Min Max

1

Water absorption

Coarse aggregate 5–10 mm 2.07 3.0 %

Coarse aggregate 1–2 cm 2.08 3.0 %

2

Density

Coarse aggregate 0.5–1 cm

Bulk Specific Gravity 2.62 2.5

SSD Specific Gravity 2.67 2.5

Apparent Specific Gravity 2.77 2.5

Coarse aggregate 1–2 cm

Bulk Specific Gravity 2.62 2.5

SSD Specific Gravity 2.68 2.5

Specific Gravity 2.77 2.5
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Table 2. Cont.

No. Properties Results.
Specifications

Unit
Min Max

3

Artificial Flake Index

Coarse aggregate 0.5–1 cm 20.10 25 %

Coarse aggregate 1–2 cm 9.38 25 %

4

Abrasion

Coarse aggregate 0.5–1 cm 25.72 40 %

Coarse aggregate 1–2 cm 24.36 40 %

Table 3. Physical properties of filler.

No. Properties Results
Specification

Unit
Min Max

1 Water Absorption 2.28 3.0 %

2

Bulk Specific Gravity 2.60 2.5

SSD Specific Gravity 2.65 2.5

Apparent Specific Gravity 2.76 2.5

3 Sand Equivalent 69.57 50 %

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’s characteristics. It can be seen that the modified
Asbuton used in this study qualified the specifications required by the 2018 General
Specifications of Bina Marga.

Table 4. Physical Properties of Asbuton Modification.

No. Test Results
Specification

Min Max

1 Penetration before weight loss (mm) 78.6 60 79

2 Flabby point (◦C) 52 48 58

3 Ductility at 25 ◦C, 5 cm/min (cm) 114 100

4 Flash point (◦C) 280 200

5 Specific gravity 1.12 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 C2H4 is–CH2–CH2–n. Two CH2 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.
At a temperature of 60 ◦C, PET is very resistant to chemical compounds, with a specific
gravity of 0.91–0.94 gr/cm3. 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 equipment test refers to SNI
06-2489-1991. The quotient of stability and flow magnitude is an indicator of potential
flexibility of the asphalt mixture to cracking, and the quotient is 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.

D =



−1 −1 0
−1 1 0
1 −1 0
1 1 0
−1 0 −1
−1 0 1
1 0 −1
1 0 1
0 −1 −1
0 −1 1
0 1 −1
0 1 1
0 0 0



(1)
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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 = β0 +
n

∑
i=1

βiXi +
n

∑
i<j

βijXiXj +
n

∑
j=1

β jjX2
j (2)

In Equation (2), Y represents the experimental response, i and j are linear and quadratic
coefficients, respectively, β is the regression coefficient, n is the number of variables studied
in the experiment, and Xi is a factor (independent variable). In this experiment, the indepen-
dent variables (factor X) studied were X1: the PET ratio to Asbuton, X2: mixing temperature
and X3: 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.
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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
Content (%)

B: PET
Content (%)

C: Mixing Time
(Minutes)

R1: Stability
(kN)

R2: Flow
(mm)

R3: MQ
(kN/mm)

R4:
VIM (%)

R5: VMA
(%)

R6: VFB
(%)

R7:
Density

1 5.50 2.00 25.00 18.58 4.00 4.64 2.97 20.73 90.27 2296.00

2 5.50 4.00 25.00 15.35 4.00 3.84 1.77 20.68 90.70 2276.00

3 6.00 2.00 25.00 17.56 4.00 4.39 3.24 22.87 88.64 2278.00

4 6.00 4.00 25.00 17.83 4.00 4.46 5.00 20.37 90.93 2248.00

5 5.50 3.00 20.00 16.58 4.00 4.14 2.92 20.92 92.09 2203.00

6 5.50 3.00 30.00 16.97 4.00 4.24 2.78 20.86 90.72 2355.00

7 6.00 3.00 20.00 18.27 4.00 4.57 3.70 20.70 89.79 2196.00

8 6.00 3.00 30.00 18.82 4.00 4.70 5.25 20.48 84.27 2398.00

9 5.75 2.00 20.00 18.90 4.00 4.72 3.21 21.87 89.43 2234.00

10 5.75 2.00 30.00 19.76 4.00 4.94 2.98 21.78 89.23 2397.00

11 5.75 4.00 20.00 17.26 4.00 4.31 2.36 21.83 91.47 2264.00

12 5.75 4.00 30.00 17.53 4.00 4.38 2.57 20.98 87.49 2378.00

13 5.75 3.00 25.00 18.45 4.00 4.61 3.37 21.93 87.98 2263.00

14 5.75 3.00 25.00 19.75 4.00 4.94 3.95 22.35 85.78 2231.00

15 5.75 3.0 25.00 19.25 4.00 4.81 3.87 21.15 90.85 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
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e. Density Surface Response Plots
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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 df1 and df pure error as df 2 at alpha
0.05, the f-table is 19.16. If f-value > f-table then H0 is stuck, where the assumption for lack
of fit is that H0 does not have a lack of fit and vice versa for H1.
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Table 6. ANOVA for predicting Marshall Stability based on RSM.

Variabel Source Sum of Squares df Mean Square F-Value

Stability
Residual 1.51 5 0.3018

0.50Lack of Fit 0.65 3 0.2163
Pure Error 0.86 2 0.4300

MQ
Residual 0.10 5 0.0193

0.50Lack of Fit 0.04 3 0.0138
Pure Error 0.05 2 0.0276

VIM
Residual 0.88 5 0.1750

2.29Lack of Fit 0.68 3 0.2258
Pure Error 0.20 2 0.0988

VMA
Residual 1.90 5 0.3799

1.04Lack of Fit 1.16 3 0.3860
Pure Error 0.74 2 0.3708

Densitas
Residual 5732.75 5 1146.55

0.37Lack of Fit 2046.75 3 682.25
Pure Error 3686.00 2 1843.00

The step of determining the optimum points simultaneously with RSM is carried out in
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 Marshall
Characteristics The Equation for the Results of RSM Adj. R2

1 Stability 19.15 + 0.63A − 0.85B + 0.26C + 0.88AB + 0.04AC − 0.15BC − 1.26A2 − 0.56B2 − 0.23C2 0.7975

2 MQ 4.79 + 0.16A − 0.21B + 0.06C + 0.22AB + 0.0075AC − 0.04BC − 0.32A2 − 0.14B2 − 0.06C2 0.7921

3 VIM 3.73 + 0.84A − 0.09B + 0.17C + 0.74AB + 0.42AC − 0.04BC − 0.32A2 − 0.14B2 − 0.06C2 0.7956

4 VMA 3.73 + 0.84A − 0.09B + 0.17C + 0.74AB + 0.42AC − 0.04BC − 0.32A2 − 0.14B2 − 0.06C2 0.3241

5 Density 2270− 1.25A− 4.88B+ 78.88C− 2.50AB+ 12.50AC− 12.25BC− 12.87A2 + 17.38B2 + 30.87C2 0.7424

Note: The coefficients A, B, C refer to the linear response. AB, AC and BC are interactions between independent variables. A2, B2 and C2 is
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 H0, 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 Optimal A:
Asphalt Content (%)

Optimal B: PET
Content (%)

Optimal C: Mixing
Time (Minutes)

Stability 19.64 kN 5.73 2.07 29.29

MQ 4.91 kN/mm 5.76 3.46 22.85

VIM 3.40% 5.56 2.49 23.07

VMA 21.65% 5.69 3.84 22.54

Density 2223.06 kg/m3 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
(VFB). 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 mixing 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.
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