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ABSTRACT 
The purpose of the study is to propose the use of Warm Mix Asphalt technology to use in countries with the tropical climate such as 
Indonesia. Warm Mix Asphalt (WMA) is a technology that allows the procedures of asphalt pavement materials to lower the 
temperature and maintain the low temperature by adding some additives; the purpose of adding the additives are to stabilize and keep 
the low temperature as well as maintain the dilution of asphalt viscosity in such low temperatures so that it can fill aggregate pores 
well. WMA is mainly used especially in countries which have long winter; such technology is rarely used in Indonesia because of its 
tropical climate, and therefore Hot Mix Asphalt (HMA) is more widely used in the country. Further studies need to be conducted to 
give empirical evidence on the use and beneficial use of WMA in Indonesia both structural and field studies. The conclusion of the 
study is that natural zeolite can be used in the mixture of WMA. Natural zeolite with the 10-percent-Optimum Asphalt Content is 
adequate to be used. The 10-percent-Optimum Asphalt Content natural zeolite improves the stability value from 990.0 kilograms to 
1,083.4 kilograms. 
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INTRODUCTION 
 

Careful planning, geometric roads and pavements are three aspects one should pay attention to in terms of 
Indonesian land transportation. In addition, convenience and environmental sustainability are two other aspects 
to consider. Approximately 80-90% of land transportations in Java and Sumatera are dominated by highways, 
while the percentage of the use of train in Java is approximately 10.5% [1]. The data from the Ministry of Public 
Works show that there are 3.800 kilometers of damaged national roads currently or 10% of the total length of 
the national roads; the total length of Indonesian roads is approximately 380,000 kilometers. It is predicted that 
the percentage of the damaged national roads is going to reach 17% when floods caused by the high rainfalls 
reach the highways [2]. 

 
Review of Related Literature: 

The cause of high percentage of damaged flexible pavement roads in Indonesia can be traced to significant 
increase of the traffics especially heavy vehicles. The types of damage mainly found in the national roads with 
flexible pavements are rutting and fatigue, among other. Some actions have been taken to overcome the damage 
but unfortunately they do not last long. Currently, the percentage of the steady national roads reaches 89% and 
at the end of 2012, it is expected that the percentage will increase to 90.5% in order to gradually achieve the 
target of 94% or 38,500 kilometers of steady national roads in 2014 [2]. As an addition, the municipal roads 
should reach 359.010 kilometers at the end of 2010 (the 2013-2014 Strategic Plan of the Regional Road 
Offices). The data of the damaged national roads consist of three regions. The first region involves Sumatra with 
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the percentage of the damaged national roads of 11.84%. The second region involves Java, Bali and Borneo 
with the percentage of the damaged national roads of 7.97 and the third region involves the Eastern part of 
Indonesia, Sulawesi, Maluku and Papua with the percentage of the damaged national roads of 17.72% out of the 
total length of the national roads. It is expected that the road repair is going to enhance economic growth and 
contribute to the government programs, which becomes the priority of the Directorate of the Regional Road 
Offices (2012). The causes of the damaged roads are heavy vehicles, floods, pavement works, quality of the 
pavements and execution of the pavement works. In order to prevent rutting, the researchers propose Warm Mix 
Asphalt technology to use in Indonesia which has tropical climate. Warm Mix Asphalt (WMA) is a technology 
that allows the procedures of asphalt pavement materials to lower the temperature and maintain the low 
temperature by adding some additives; the purpose of adding the additives are to stabilize and keep the low 
temperature as well as maintain the dilution of asphalt viscosity in such low temperatures so that it can fill 
aggregate pores well. WMA is mainly used especially in countries which have long winter; such technology is 
rarely used in Indonesia because of its tropical climate, and therefore Hot Mix Asphalt (HMA) is more widely 
used in the country. Further studies need to be conducted to give empirical evidence on the use and beneficial 
use of WMA in Indonesia both structural and field studies. 

It is predicted that the mixture of WMA reduces the temperature so that the average temperature is between 
50ºF to 100ºF (10ºC – 37.8º C) compared to HMA mixture. The drastic temperature change is going to decrease 
the use of fuel, cut the cost and eventually reduce the amount of air pollution. Preliminary study was conducted 
in the Faculty of Engineering, Universitas Brawijaya, Indonesia, using natural zeolite and rock aggregate 
piropilit. Adding natural zeolite additive from the Southern area of Malang does not have any significant 
influence to the mixture of natural zeolite additive; it only affects flow score and VMA. However, further study 
needs to be conducted since the mixture is still warm and the temperature is above 100°C; the expected 
temperature of the mixture is between 80°C or <100° C. A study conducted by Affandi [3] reveals that 
activating natural zeolite using chemical method without heating is the best method. The study also shows that 
water absorption in natural zeolite is 13.77% or twice the maximum water absorption using other methods.   

Therefore, the study aims at describing the performance of WMA mixture; it is expected that the findings of 
the study become a recommendation that WMA technology can be used in Indonesia as well as the strength and 
weaknesses of the technology, just like the ones of HMA mixture. Another reason is that Asphalt Mixed Plant 
that is mainly used in Hot Mix Asphalt pavement may not always be close to roadwork locations. As the result, 
transporting asphalt mixture from Asphalt Mixed Plant to the roadwork locations may take longer than expected 
and reduce the temperature of the mixture. When the mixture loose too much temperature, it is going to be 
difficult to make the mixture compact; the physical characteristics of asphalt are the substance will melt down 
very easily because of heat and will thicken when the temperature reduces quickly and eventually become 
compact once again. When asphalt is in such condition, the asphalt is going to lose its adhesive function and the 
compaction process will not be perfect. As the consequence, the structure of pavement layer is unable to receive 
any weight due to weak bound among aggregates. The pavement can be broken very easily which leads to the 
damaged pavement or roads. Natural zeolite is expected to lower the temperature of WMA mixture up to less 
than 90°C in order to save energy, be environmentally friendly, reduce the pollution as well as improve the 
performance of Warm Mix Asphalt. 

 
Research Method: 

The researchers adopted the methodology for natural zeolite activation that follows the process and 
procedures of natural zeolite activation done by Affandi and Hadisi (2011). According to the article, the natural 
zeolite should be activated before using. 
 

RESULTS AND DISCUSSION 
 
Optimum Asphalt Content is 6.07%. The stability score of WMA mixture shows an increasing tendency; 

the stability scores are 990.0 kilograms (no zeolite), 1,068.1 kilograms (+5% zeolite addition) or 8.11% increase 
from the previous one, 1,083.4 kilograms (+10% zeolite addition) or 9.39% increase from the stability score 
before the addition of zeolite. The addition of +15% zeolite causes the stability score of WMA to be 1,009.2 
kilograms or 1.94% decrease from the stability score before the addition of zeolite, while the addition of +20% 
zeolite turn the stability score into 950.8 kilograms or 3.43% decrease from that before the addition of zeolite. 
The flow scores before or after the additions of zeolite are still within the required range, 3-4.5 milimetres. 
Minimum stability score is 800 kilograms. 
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Table 1: Sieving Analysis 

 
 

 

 
Fig. 1: Combined Analysis 
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Table 2: Wheel Tracking Machine Analysis 

 
 

 
Fig. 2: Analysis Chart of Wheel Tracking Machine with the temperature of 1200 C  

 
Conclusion: 

Based on the results of the study, it can be concluded that natural zeolite can be used for Warm Mixed 
Asphalt (WMA) mixture. It also found that the use of the natural zeolite is 10% of the Optimum Asphalt 
Content score. The 10-percent-Optimum Asphalt Content natural zeolite improves the stability value from 990.0 
kilograms to 1,083.4 kilograms. Finally, the Optimum Asphalt Content used is 6.07%. 
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