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Abstract. Reclaimed asphalt pavement (RAP) comprises removed pavement materials containing high-
quality aggregates and asphalt which can be recycled as materials for new pavement construction. It is 
removed continually for reconstruction, resurfacing, and maintenance purposes, and if not recycled will 
become waste. This paper determines the influence of using different RAP percentages and asphalt content 
in warm mix asphalt on the Marshall test results for asphalt concrete binder course (AC-BC) using Retona 
Blend 55. The percentages of RAP are determined by analyzing the gradation of the existing aggregates in 
RAP and adding virgin aggregates so that it meets the standard gradation for AC-BC specified by the 
Ministry of Public Works and Housing. The RAP percentages in the asphalt mixes in this study are 35%, 
45%, and 51.55% of total aggregates, while the asphalt contents are 5%, 6%, and 7% of the total mix. To 
determine the influence of RAP percentage and asphalt content, and to discover if there is any influence 
from the interaction between these two factors, the analysis is performed using a factorial design. The 
results of this study show that variation in RAP percentages in the mix has no significant influence on 
stability, flow, and Marshall quotient, but there is significant influence on void in mineral aggregates 
(VMA), void in mix (VIM), and void filled with asphalt (VFA). Correlations of 97.5%, 80%, and 95.1%, 
respectively show that increase in RAP percentage increases VMA and VIM and decreases VFA. The 
interaction between RAP percentage and asphalt content has no significant influence on Marshall test results.  

1 Introduction  
Flexible pavement is the most widely used type of 
pavement. In 2016, the length of paved roads in 
Indonesia was 287,926 km and the length of such roads 
in the country is increasing yearly [1]. The frequent use 
of flexible pavement causes demand for aggregates and 
asphalt. Both materials are non-renewable, so the use of 
virgin materials will continuously diminish the supply of 
these two resources. Alternative sources such as recycled 
asphalt are therefore needed to reduce the use of new 
materials [2]. 

Asphalt mixing in Indonesia is still often done at hot 
temperatures, known as ‘hot mix asphalt’ (HMA). In this 
study asphalt mixing was carried out at warm 
temperatures, known as ‘warm mix asphalt’ (WMA), a 
method that is more environmentally friendly [3]. 

2 Literature Review 

2.1 Reclaimed asphalt pavement (RAP) 
RAP is a layer of asphalt that is peeled from the 
pavement for road repairs or to access utilities under the 
road surface. RAP contains asphalt and aggregates which 
can be reused in new road construction [2]. RAP has been 
widely used as a material for the manufacture of flexible 

pavements in America and Europe, and more than 99% of 
asphalt is recycled in America [4]. The use of RAP not 
only reduces the use of new materials and prevents 
pollution from asphalt disposal but also reduces 
construction costs [2,4]. 

2.2 Warm mix asphalt (WMA) 

WMA is a technology that allows mixing and processing 
of asphalt mixtures at temperatures of up to 20-30 0C, i.e. 
much lower than for HMA [5]. For a lower mixing 
temperature, less fuel is used, thus reducing the 
greenhouse gas emissions produced in asphalt mixture 
production. WMA method with a mixing temperature of 
36.50 C (i.e. lower than for HMA), resulted in emissions 
of SO2 decreased by 83%, NOX by 31%, CO by 62%, and 
VOCs by 63% [6]. 

In addition to fuel savings and emissions reduction, 
WMA has other benefits, such as ease of working 
(because of lower temperatures) that increases worker 
productivity. Lower temperatures also allow longer 
processing time. Moreover, WMA uses the same mixing 
and compaction equipment as HMA, so WMA 
technology is very easy to implement [2,3,4]. 

The lower mixing temperature is obtained by 
additives to the asphalt mixture. These additives reduce 
the viscosity of asphalt or increase its volume, enabling 
the asphalt to effectively envelop the aggregate at lower 
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temperatures [7]. In this study, the additives used were 
zeolites, which are non-metallic minerals formed from 
volcanic sedimentation and found in Indonesia [8]. These 
minerals are hydrated porous alumina silicate crystals 
with a three-dimensional skeleton structure formed from 
tetrahedral [SiO4] 4- and [AlO4] 5-. Zeolite decreases the 
viscosity of asphalt by creating a foam effect [9]. 

3 Materials and Research Methods  

This research is a quantitative study with an experimental 
method. The data used in this study were obtained from 
laboratory test results. This study aims to find out the 
influence of RAP percentage and asphalt content in the 
mixture on the Marshall test results for the WMA-RAP in 
the AC-BC layer. In order to determine the influence of 
these two factors the experiment is done using factorial 
design [10]. And to determine the significance of the 
influence, two-way analysis of variance (ANOVA) is 
performed using SPSS [11].  

The main material used in the asphalt mixture was 
RAP. This material had been peeled from the existing 
road and was taken to the laboratory for extraction and 
tested for asphalt content and aggregate gradation. Once 
both were known, could determine how much virgin 
asphalt and virgin aggregates that need to be added to the 
mixture. The asphalt used in this study is Retona Blend 
55. It is a blend of petroleum asphalt and natural rock 
asphalt from Buton island, Indonesia [12]. 

The variation in RAP aggregates percentage were  
51.55%, 45%, and 35% of total aggregates, and the 
variation in asphalt content were 5%, 6%, and 7%. For 
each group 3 specimens were made. Therefore there were 
27 specimens in total. Then Marshall tests were carried 
out to determine stability, flow, Marshall quotient, void 
in mineral aggregates, void in mix and void filled with 
asphalt.  

4 Results and Analysis 

4.1 Reclaimed asphalt pavement 
In this study, 12 extractions were carried out and it was 
found that the RAP consisted of 5.807% asphalt and 
94.193% aggregates. RAP asphalt characteristics can be 
seen in Table 1. After a long-term aging, asphalt becomes 
hard and less workable [13]. It is indicated by low 
penetration, low ductibility and high softening point. 

Table 1. RAP asphalt. 

Test Test methods Results 
Penetration at 25 0C (0.1 mm) SNI 2456-2011 8.73 
Softening point (0C) SNI 2434-2011 72 
Ductility at 25 0C (mm) SNI 2432-2011 42 
Flash point (0C) SNI 2433-2011 240 
Specific gravity SNI 2441-2011 1.061 

4.2 Marshall test results 

4.2.1 Stability 

 

Fig. 1. Stability vs. asphalt content. 

Stability is the maximum load that can be held by the 
asphalt mixture. Figure 1 shows the relationship between 
stability and asphalt content in the asphalt mixture for 
each mixture with RAP aggregate percentage of 51.55%, 
45%, and 35%. From the graph it can be seen that in the 
samples with RAP of 51.55% and 45% the highest 
stability value obtained was from the sample with 6% 
asphalt content. Whereas in the sample with 35% RAP 
aggregate, the highest stability value was obtained from 
samples with 7% asphalt content. This could be due to 
the asphalt mixture with 35% RAP aggregate containing 
more virgin aggregate. RAP aggregates have been mixed 
with asphalt while new aggregates have not been mixed 
with asphalt. With more virgin aggregates, more 
aggregate surfaces have not been covered with asphalt so 
more virgin asphalt is needed. Therefore the 7% asphalt 
mixture in samples with 35% RAP aggregates has a 
higher stability than samples with 5% and 6% asphalt 
content. 

 

Fig. 2. ANOVA factorial design test results using SPSS 
(stability). 

 Figure 2 shows that the significance of the influence 
of RAP percentage is 0.46. This figure is greater than 
0.05, so the influence of RAP percentages on the stability 
of asphalt mixtures is not significant. The significance of 
the influence of asphalt content was 0. This means that 
100% asphalt content affects the stability of the asphalt 
mixture. While the significance of the interaction 
influence of the two factors is 0.083. This means that the 
interaction influence of the two factors on the stability of 
asphalt mixture is not significant. 

4.2.2 Flow 
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Fig. 3. Flow vs. asphalt content. 

Flow is the amount of deformation that occurs in the 
asphalt mixture when it collapses. Figure 3 shows the 
relationship between flow and asphalt content for each 
mixture with RAP aggregate of 51.55%, 45%, and 35%. 
In the sample with 45% and 35% RAP, asphalt content 
does not strongly affect flow. In samples with RAP 
aggregate content of 51.55%, the highest flow was 
obtained from samples with 6% asphalt content. 

 

 

Fig.  4. ANOVA factorial design test results using SPSS (flow). 

From the ANOVA test in Figure 4, the significance of 
the influence of RAP percentage, asphalt content, and the 
interaction of RAP and asphalt content were 0.207, 0.337, 
and 0.127, respectively. All three are greater than 0.05, 
which means that these influences on the flow of the 
asphalt mixture are not significant. 

4.2.3 Marshall quotient 

 

Fig. 5. Marshall quotient vs. asphalt content. 

 

Figure 5 shows the relationship between Marshall 
quotient (MQ) and asphalt content for mixtures with RAP 

of 51.55%, 45%, and 35%. From the graph, it can be seen 
that in the samples with 51.55% and 45% RAP, the 
highest MQ occurred in samples with 6% asphalt content. 
This is because in the sample with 51.55% and 45% RAP 
aggregate the highest stability occurred in samples with 
6% asphalt content, while the flow was not much 
different in the 5%, 6%, and 7% samples. In the sample 
with 35% RAP aggregate, the highest stability occurred 
in samples with 7% asphalt content and there was no 
difference in the flow of samples with asphalt content of 
5%, 6%, and 7%. 

 

Fig. 6. ANOVA factorial design test results using SPSS 
(Marshall quotient). 

Figure 6 shows that the significance of the influence 
of RAP percentage and the interaction influence of RAP 
percentages and asphalt content are 0.146 and 0.172. This 
means that these two factors have no significant influence 
on the Marshall asphalt mixture quotient, while the 
significance of the influence of asphalt content is 0. This 
means that the influence of asphalt content is very 
significant for the Marshall quotient. 

4.2.4 Void in mineral aggregates (VMA) 

 

Fig. 7. VMA vs. asphalt content. 

VMA is the volume of cavity between the aggregate 
particles to the total volume. From Figure 7 it can be seen 
in the samples with RAP aggregate of 51.55% and 45% 
the greater the asphalt content the smaller the VMA value. 
In samples with asphalt content of 5% and 7%, the 
greater the percentage of aggregate RAP in the mixture, 
the greater the VMA value. This is because the greater 
the percentage of RAP aggregate, the greater the RAP 
asphalt content of the total asphalt used in the mixture. 
RAP asphalt is hard and brittle and has lower workability. 
With more workability, the mixture is more easily 
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blended therefore more aggregate surface is covered with 
asphalt. 

 

Fig. 8. ANOVA factorial design test results using SPSS (VMA). 

From the results of the ANOVA test for VMA shown 
in Figure 8, the significance of the influence of RAP 
percentages, asphalt content, and the interaction of RAP 
percentages and asphalt content are 0.025, 0.176, and 
0.352. This means that the influence of asphalt content 
and the interaction of both have no influence on asphalt 
VMA. However, RAP percentages have a significant 
influence on VMA with a correlation of 97.5%. 

4.2.5 Void in mix (VIM) 

 
Fig. 9. VIM vs. asphalt content. 

VIM is the total volume of air between asphalt-coated 
aggregate particles. From Figure 9 it can be seen that for 
the three percentages of RAP aggregate, the value of 
VIM decreases with increasing levels of asphalt in the 
mixture. This is because the more asphalt used, the more 
cavities are filled with asphalt so the total air in the 
mixture decreases. In samples with asphalt content of 5% 
and 7%, samples with a higher percentage of RAP 
aggregate had a higher VIM. This is because the nature of 
the RAP asphalt is hard, so it is less able to cover the 
aggregate surface and so fewer cavities are filled with 
asphalt. Therefore, the higher the content of RAP asphalt 
in the mixture, the greater the air volume in the mixture. 

 

Fig. 10. ANOVA factorial design test results using SPSS (VIM). 

Figure 10 shows the significance of the influence of 
RAP percentages and asphalt content and the interaction 
of both are 0.02, 0.005, and 0.079. From these results it is 
evident that percentage of RAP and asphalt content have 
a significant influence on VIM, with a correlation of 80% 
and 99.5% respectively. The interaction of RAP 
percentages and asphalt content, however, does not have 
a significant influence on VIM. 

4.2.6 Void filled with asphalt (VFA) 

 
Fig. 11. VFA vs. asphalt content. 

Figure 11 shows that for the three percentages of RAP 
aggregate, the greater the asphalt content in the mixture, 
the greater the VFA. This is because the more asphalt 
used, the more cavities in the mixture are filled with 
asphalt. Therefore, VFA is inversely proportional to VIM. 
For samples with asphalt content of 5% and 7%, the 
greater the aggregate percentage of RAP, the smaller the 
VFA value. The greater the percentage of RAP aggregate 
in the mixture, the greater the RAP asphalt content is than 
the total asphalt so that the asphalt becomes harder. 
Therefore, with the same asphalt content, asphalt 
mixtures with higher levels of RAP asphalt are less able 
to cover the aggregate surface, causing less cavities to be 
filled with asphalt. 
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Fig. 12. ANOVA factorial design test results using SPSS (VFA). 

The results of the ANOVA test in Figure 12 show the 
significance of the influence of RAP percentage and 
asphalt content, and the interaction of the two factors is 
0.021, 0.000, and 0.25. This means that the percentage of 
RAP and asphalt content have a significant influence on 
VFA with a correlation of 97.9% and 100%, respectively. 
The interaction of the two factors, however, does not 
have a significant influence on the VFA. 

5 Conclusion 

 RAP used in this study consists of 5.807% asphalt 
and 94.193% aggregate. 

 The results of the RAP asphalt characteristics test are 
penetration of 8.7, softening point of 72 0C, and 
ductility of 42 mm. RAP asphalt is brittle and hard 
causing it to have very low workability. In future 
experiments asphalt rejuvenation should be 
performed or more virgin asphalt should be added to 
the mixture to increase workability. Therefore 
producing asphalt mixture with better characteristics.   

 The RAP aggregate percentage in the mixture has a 
significant influence on VMA, VIM, and VFA. 

 Asphalt content in the mixture has a significant 
influence on stability, Marshall quotient, VIM, and 
VFA. 

 The interaction of RAP percentages and asphalt 
content did not have a significant influence on the 
Marshall test results. 
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