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Abstract. The technology of asphalt pavement recycling in road maintenance works has
developed quite rapidly. Meanwhile, the use of plastic in hot asphalt mixtures has also
developed. For this reason, the mix of RAP with LDPE plastics was carried out. The study
was designed using a factorial experiment with a Completely Randomized Design (CRD)
consisting of two factors and three levels. The first factor is the concentration of plastic
levels of 3 levels, namely: al = 10%; a2 = 15% and a3 = 25%. The second factor (B) is
RAP with 3 levels of treatment, namely: b1 = 0% new asphalt (pure RAP); b2 = RAP +
2% new asphalt; b3 = RAP + 4% new asphalt. The results showed that the stability value
increased sharply but on the one hand also increased the cavity in the mixture exceeds the
required limits so further research is needed to find the right mixture composition.
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1 Introduction

Road construction by the Government is intended to increase accessibility between
regions. Until 2017 it was recorded that the length of roads in Indonesia was 539,415 km, with
national roads 47,017 km, provincial roads 55,416 km and city roads 436,912 km [1]. Whereas
relating to conditions, national roads are in a steady state of 55.85%, while 33.53% are damaged
10.62%; the condition of the provincial road steady condition 69.82%, not stable (damaged)
30.18%; while the city road sections are steady conditions 56.93%, conditions are not stable
43.07%. Specifically in NTT, out of a total length of 2,958 km, only 45.13% was steady, while
54.87% was not stable [2]. Therefore, every year the central and regional governments allocate
funds for road maintenance. However, in Indonesia the handling of road damage is generally
carried out in the same way on all road sections in the form of overlay [3]. As a result, it is often
found that the road surface is getting thicker, causing changes in the surrounding environment
and tends to be wasteful both in terms of cost and natural material [4].

To overcome this, the use of old reclaimed asphalt pavement (RAP) as an added or main
ingredient in asphalt mixtures is the right solution. The reason is that the use of RAP maximizes
economic benefits, reduces costs, can be implemented, has a short implementation time, and
impacts on environmental preservation by reducing emissions and transitioning from non-
renewable energy to renewable energy [5] [6]. In the conventional method requires materials
from nature to produce asphalt as a binder of crude oil and aggregate drying to produce asphalt
mixtures in the hot mix plant (HMP) [7].
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Meanwhile, the use of plastic in road pavement has been developed. Several studies have
shown that plastic waste can be used as a material substitute for hot asphalt mixtures with
concentrations up to 50% in the mixture that still meets the specifications of [8[ [9]. Previous
research had been conducted where the material was Recycled Concrete Aggregate (RCA) from
concrete cube laboratory test wastes and the results showed an increase in the Marshall Test
value [10]. In this study, the specific specifications examined were the use of RAP material from
existing road pavement (which is different in nature from the concrete asphalt test waste from
the laboratory) and LDPE type plastic waste to be tested based on Bina Marga 2010 Edition
revision 3. The measured parameters are value of stability and flow.

Basically the pavement layer consists of a lower foundation layer, an upper foundation
layer, and a surface layer and there are differences between the types of flexible pavement and
rigid pavement [11]. Flexible pavement is characterized by a surface layer in the form of asphalt
on the base layer or foundation, can consist of one or more layers of asphalt or Hot Mix Asphalt
(HMA), and has flexural strength so that it undergoes deformation while rigid pavement is
characterized by high rigidity, in the form of concrete slabs and has a high elastic modulus on
its surface. [12]. In this paper, we will discuss the effect of adding plastic and asphalt content
on the stability value and VMA (Void In The Mineral Aggregate).

The use of asphalt from the process of refining petroleum for pavement is very widespread
in Indonesia, potentially producing RAP material, ie used asphalt pavement from a mixture of
crushed HMA then recycled with or without pure material and can be reused one of them for
road maintenance [13] . This maintenance work is an activity to maintain the ability of road
services through routine and periodic maintenance [14]

Basically, RAP derived from materials used in the surface layer is the result of the process
of mixing various aggregates with asphalt binder. Some of the most commonly used types in
Indonesia for surface coatings on road pavement [15] are hot mix asphalt, cold mixed asphalt
and Macadam Penetration smears. Especially for hot asphalt mixture, in Indonesia uses several
types of hot asphalt mixture campuran[14], namely: AC (Asphalt Concrete), HRS (Hot Rolled
Sheets) and Sand Sheet.

The characteristics of the asphalt mixture that must be fulfilled to be used as pavement
[12][13] are stability, resistance to fatigue and cracking; durability; resistance to stripping;
workability and skid.

While plastic is a material that can be divided into two parts based on its nature, namely
thermoplastic and thermosetting. Various types of plastics that can be found on the market are
Polyethylene Terephthalate (PET), Polypropylene (PP), Polyvinyl Chloride (PVC), Polystyrene
(PS), Low-Density Polyethylene (LDPE) and High-Density Polyethylene [15]. Because of its
thermoplastic nature, plastics can change shape when heated and can be changed in shape, then
freeze if cooled. Plastics are also materials that contain polymer compounds where polymers
are often used in asphalt mixtures so that plastics can be used as additives in asphalt mixtures
[13].

Ravindra [14], found that RCA (Recycled Concrete Asphalt) can be used up to 100% in a
hydraulically bound mixture, without reducing its unlimited compressive strength to withstand
heavy traffic loads. Modulus of stiffness, rutting resistance and fatigue resistance of bitumen
mixtures containing up to 30% RCA were found to be acceptable. The use of RCA tends to
reduce the resistance of asphalt mixtures to moisture damage, although this can be increased
due to the use of anti-stripping agents.

Arshad [14] argues that RAP has the potential to be reused in controlled conditions and
if used will bring significant benefits. The identification results show that the addition of RAP



from 50% - 75% can increase the strain up to 2500% when compared to originally mixing
without RAP. However, the presence of RAP can increase sensitivity to pressure when
compared to asphalt mixes without RAP.

Mousa & Mousa [20], found that RAP can also be used in compacted subbase and
subgrade layers. The use of RAP in the amount of 10 - 90%, can increase the value of California
Bearing Ratio (CBR) by 50-60%. In the combination of 50% RAP and 50% fine aggregate it is
very effective to be applied to the subgrade layer compared to the subgrade. The use of RAP
with the composition as above can also save up to 70% of the budget compared to conventional
sub-bases.

Several other studies that support the use of RAP also say that the use of RAP is very
economical because it reduces the use of original (new) material and has an impact on improving
the characteristics of asphalt mixtures [15][16][17].

2 Method

This research was in the form of an experiment at the Kupang State Polytechnic Material
Testing Laboratory and selected roads based on a maintenance history of at least 3 years ago,
Average Daily Traffic 2000 smp. The preliminary survey of the roads included in the category
is the Bundaran PU and WJ Lalamentik street.

RAP material is taken randomly on both roads, using Core Drill available at the PNK
Material Testing Laboratory. Plastic waste is the type of LDPE. It is strong, flexible, waterproof,
the surface is not clear and soft at a temperature of 70°C. The mixture process (mixdesign) is
carried out by means of a dry process ie plastic waste is used as an aggregate modification
material.

This research uses factorial experimental design in the form of a completely randomized
design (CRD) of 2 factors and each factor consists of 3 levels. A factor is the concentration of
plastic levels as much as 3 levels, namely: al = 10%; a2 = 15% and a3 = 25%. Factor B is RAP
with 3 levels of treatment, namely: bl = 0% new asphalt; b2 = RAP + 2% new asphalt (pen
60/70); b3 = RAP + 4% new asphalt. The specimens were 9 combinations and were repeated 4
times so that a total of 36 units.

3 Result and Discussion

RAP re-mixing experiment with plastic waste is first examined the characteristics of RAP
and plastic waste. Examination of the characteristics of the RAP is important in order to
determine the initial properties of RAP and plastic waste that meet specifications. Table 1 shows
the characteristics of plastics used in the form of Polytehylene (PE) plastic pellets with
specifications meeting the Low Density Polyethylene (LDPE) type. This LDPE has a density
between 0.91 g / mL, half of which is crystalline around 50-60% and has a melting point of
115°C.

Table 1 Plastic Waste Requirements

Characteristic The requirements Test Result
Item escaped sieve 3/8 inci (9,5 mm)% 100 100
Item escaped sieveNo. 4 (4,75 mm)% 90 90
Thickness (mm) Max 0,07 0,05
Water Content (%) Max 5% 4
Melting Point (°C) 100 - 120 115




3.1 Marshall Test

As explained in Table 1, for Marshall examination several parameters are used to evaluate
compliance with applicable standards. The parameters generated directly using Marshall tools
are actually only stability and flow values, while other values such as VIM, VMA & VFA and
Marshall Quotient are obtained from weighing test and calculation (pore volume / cavity or
volumetric solid hot asphalt mixture).

Table 2 shows that the stability value tends to increase with the addition of asphalt and
plastic levels in the mixture. From the linear regression equation for each variation of plastic
content in the mixture, it can be seen the trend of increasing stability (Figure 1 a-c).

Tabel 2. Value of Stability, VMA and Flow Value

Asphalt Repetition Plastic 10% Plastic 15% Plastic 25%
Content VMA VIM VFA Stability Flow VMA VIM VFA Stability Flow VMA VIM VFA Stability Flow
Asphalt 0% 1 1259 -2,52 11999 660993 440 11,18 -0,41 103,70 512500 2,98 11,00 6,82 22,61 312102 5,46
2 1323 -1,77 11339 580415 336 1072 -092 10861 466494 591 1025 670 2448 442548 489
3 12,55 -2,57 120,47 6526,04 4,70 11,70 0,18 9844 411278 582 10,03 6,57 2507 465234 438
4 12,65 -245 119,38 645048 3,79 11,64 0,11 99,07 438944 450 9,94 6,74 2532 3807,78 5,38
Asphalt 2% 1 1500 -4,06 127,08 910185 545 1450 -0,78 105,35 6955,60 4,24 1332 7,19 46,05 6209,80 4,18
2 15,67 -3,23 120,64 1056326 8,79 1509 -0,08 100,53 7466,47 458 1352 7,40 4528 728396 6,54
3 1541 -356 12311 848711 527 1508 -010 10063 788263 334 1311 696 4692 7810,93 414
4 1528 -3,71 12429 944265 300 1524 0,10 99,33 6563,24 3,73 1344 732 4557 596893 350
Asphalt 4% 1 1856 -4,08 121,96 10009,93 553 17,58 -1,29 107,31 10314,47 445 1647 6,82 5857 969093 1,15
2 1856 -4,07 12193 1432265 409 17,70 -115 10649 1171525 076 1636 670 59,06 948449 392
3 18,22 -450 124,68 1185823 191 17,68 -1,16 106,58 14667,90 1,07 1625 6,57 59,55 1254457 232
4 1850 -4,14 12240 1172223 120 1867 0,05 99,74 0,00 210 16,40 6,74 58,90 1291831 3,65
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Figure 1. The relationship between asphalt content and stability

(a) with 10% plastic (b) with 15% plastic and (c) 25% plastic



The Figure shows that the addition of asphalt and plastic content in the mixture causes a very
high stability value. For example if without adding asphalt content to the RAP with a plastic
composition of 10% in the RAP mixture, the stability value is 4740.09 > 800 (minimum).

However, the addition of plastic and asphalt content tends to increase flow because it
exceeds the maximum limit of 6 mm for the base layer and 4 mm for surface and binder courses
as shown in Figure 2.
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Figure 2. The Relationship between asphalt content and flow

Addition, based on the results of the analysis, VMA values were obtained from various
variations of asphalt mixtures and plastic waste. The results show that the required minimum
VMA value was not achieved in some mix variations and repetitions in the test. This is evident
from Figure 3 (a-c), where the curve to the left cuts the boundary line at least 15% as a boundary
condition on the surface course.
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Figure 3. The relationship between asphalt levels and stability (a) with 10% plastic (b) with 15% plastic
and (c) 25% plastic

From Figure 3 above it is clearly seen that all regression equations that can be formed show that
in mixed conditions without the addition of asphalt content, the VMA value is below 15% and



each addition of asphalt levels causes an increase in VMA values. The existence of a VMA
value that crosses this boundary line will directly cause the VIM value not to be met.

3.2 Hypothesis Analysis

To determine the distribution of data and see the effect of giving treatment to asphalt
mixes, analysis of variance (ANOVA) was performed. Next there are three hypotheses related
to the effect of adding asphalt and plastic levels:

The first hypothesis

Ho: The addition of asphalt and plastic content in the RAP mixture affects the stability value
H1: The addition of asphalt and plastic content in the RAP mixture has no effect on the stability
value

Table 3 Anova: VMA vs Asphalt Content & Plastic

Total DF SS MS F P
Asphalt Content 2 225,057 112,529 774,71 0,000
Plastic 2 29,152 14,576 100,35 0,000
Error 31 4,503 0,145
Source 35 258,712

$=0,3811 R-Sq=98,26% R-Sq(adj) = 98,03%

From Table 3 it can be seen that asphalt and plastic have a value of p = 0,000 <0.05 so reject
H1 which means the addition of plastic and asphalt content has a significant effect on the VMA
value of asphalt mixture (RAP).

The second hypothesis

Ho: The addition of asphalt and plastic content in the RAP mixture affects the VMA value

H1: The addition of asphalt and plastic content in the RAP mixture has no effect on the VMA
value

Table 4 Anova : Stability vs Asphalt Content and Plastic

Total DF SS MS F P
Asphalt Content 2 294028488 147014244 92,36 0,000
Plastic 2 22141991 11070995 6,96 0,003
Error 31 49343116 1591713
Source 35 365513594

S=1262 R-Sq=86,50% R-Sq(adj)=84,76%

From Table 3 it can be seen that both asphalt and plastic have a p value of 0.05, which means
that the addition of asphalt and plastic to the RAP mixture has a significant effect on the stability
value.

The third hypothesis

Ho: The addition of asphalt and plastic content in the RAP mixture affects the flow value
H1: The addition of asphalt and plastic content to the RAP mixture has no effect on the flow
value

Table 5 Anova : Flow vs Asphalt Content & Plastic

Total DF SS MS F P
Asphalt Content 2 32,1360 16,0680 7,75 0,002
Plastic 2 2,9053 1,4526 0,70 0,505
Error 27 55,9584 2,0725
Source 35 98,1378

S=1,440 R-Sq=42,98% R-Sq(adj) = 26,08%




From Table 5 it can be seen that the addition of asphalt p value < 0.05 so it can be said to be
significant reject H1, which means the addition of asphalt levels affects the flow value. Whereas
on the addition of plastic, the value of p > 0.05 so that the decline of Ho which means the
provision of plastic content does not affect the change in flow value.

Table 6 Standard deviation
Variable N | Mean | StDev | SE Mean 95% ClI
Stability 36 8240 | 3232 539 ( 7147; 9334)
VMA 36 | 14,530 | 2,719 0,453 (13,610; 15,449)
Flow 36 | 4013 | 1674 | 0,279 (3,447; 4,580)

While from Table 6, it appears that the value of the SE Mean or standard deviation error is very
small so that it can be said that the data are close to the actual conditions.

3.3 Discussion

From the above analysis, we can see that the addition of plastic to RAP asphalt shavings
with or without the addition of asphalt content, has a significant effect on pavement
performance. The gain can be seen in the increased value of the stability of the RAP for all
variations of the experiment. However, on the other hand, the VMA value shows an inconsistent
value, meaning that from the curve the relationship of VMA with asphalt content in all variations
of the plastic percentage shows a VMA value that is below the standard. This will have an
impact on the value of VIM will also be relatively small as well. Theoretically, the small VMA
and VIM values will increase sensitivity to changes in asphalt content so that if the asphalt
content goes to the left of the curve, the mixture will be too dry and the air cavity is too high. A
mixture that is too dry and a large air cavity is one of the causes of cracking and disintegration
whereas if the asphalt level is higher (to the right) it will cause melting and plastic deformation.

Related to the use of plastics, Aschuri [18], examined using small sized plastic waste that
passed filter number 30 and held in filter number 40, which would replace (weight) a portion of
mineral aggregate. All mixtures were prepared using 5.82% optimum asphalt content. The
performance characteristics of asphalt concrete were examined using Marshall test, indirect
tensile strength test (ITS), indirect tensile modulus stiffness test (ITSM), and Cantabro Loss
(CL) test which is associated with strength, modulus of stiffness, and durability characteristics.
In general, laboratory results show that concrete asphalt mixtures containing plastic waste have
higher performance than conventional asphalt concrete mixes. In addition, the results mentioned
above are also strengthened by the research of Htwe, [19], which conducted an experiment
focusing on aspects of Stone Mastic Asphalt (SMA). The results show that the addition of plastic
waste to the asphalt mixture with 10% LDPE, 10% PP, and 25% PS and 2% HDPE can provide
satisfactory performance values and increased stability and decreased flow value. So they appear
to produce longer sidewalks.

3.4 Conclusion

The use of plastic in asphalt mixes is not in doubt either in new asphalt mixes or in old
pavement waste materials. However, the results of this study found that high stability was not
followed by improved VMA, VIM and flow values. The results of this study also show the trend
of VMA values and flow away and close to the standard values set. For this reason, further
studies need to be carried out to find the optimum asphalt levels that have been added with
plastic so that all test parameters can be in accordance with applicable standards.
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