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Abstract- The constituent materials of the hybrid mixes evaluated in this project comprised the PEN 60/70 bituminous 
binder, granite aggregate, waste plastics of different types such LDPE, HDPE, PP, PS and mix plastics. The hybrid mixes 
followed the LTA SMA gradation but with 10% LDPE, 10% PP, 25% PS and 2% HDPE plastics substitution of the Pen 
60/70 bitumen and incorporating. The study focused mainly on the investigation of the penetration of bitumen blends with 
plastics. It was found that bitumen blends with10% LDPE, 10% PP, 25% PS and 2% HDPE can give satisfactory 
performance grade. It is noted that the binder contents of the specimens were also determined using the comparison between 
different blends of waste plastics with conventional bitumen. The Marshall mix design method resulted in an chosen binder 
content of 6.5%. The study focused mainly on the investigation of the stability and flow of SMA with waste plastics. It was 
found that a hybrid SMA mix with 10% LDPE, 10% PP, 25% PS and 2% HDPE plastics substitution of the Pen 60/70 
bitumen can give satisfactory mixture strength. The effects of several factors were also investigated. 
 
Index Terms- Flexible pavement, Stone Mastic Asphalt (SMA), Conventional bitumen (Pen 60/70), Polymer Modified 
Bitumen (PMB), Waste plastics, Aggregate, Performance grade of bitumen, Penetration, Marshall Stability, Marshall Flow, 
Mixture strength of asphalt concrete. 
 
I. INTRODUCTION 
 
Waste plastics is a widely available material that can 
be used in flexible pavement that offers good 
engineering and economic advantages. Asphalt 
concrete incorporating recycled plastics can offer a 
very practical solution to waste plastics management 
and is of interest to industrialised nations throughout 
the world. In road construction, Polymer Modified 
Bitumen, PMB (bitumen with plastics material) has 
been used successfully as a paving material. 
Furthermore, the plastics content in the wearing 
course makes the road surface glossy and improves 
the strength of asphalt concrete pavement. 
Singapore is an island nation in South East Asia with 
a relatively high population of 4,225,000 residents in 
a land area of 620 km2. The amount of solid waste 
generated in 2015 increased to 7.67 million tonnes, 
up by 159,000 tonnes from 7.51 million tonnes in 
2014. The amount of waste recycled also increased 
from 4.47 million tonnes in 2014 to 4.65 million 
tonnes in 2015. The overall recycling rate was 61 per 
cent in 2015, a slight increase from the 60 per cent in 
2014. The bulk of the waste is incinerated but the 
constraint is that not all waste can be burnt. The 10% 
which cannot be disposed by incineration goes to 
landfill sites. Given the limited land space, Singapore 
cannot afford to have many landfill sites. All the 
landfill sites on the main island have been closed; the 
only site now in use is at an offshore island, at Pulau 
Semakau, and the Government plans to abolish 
landfill sites altogether in the near future. Singapore 
thus faces the challenging task of dealing with an 
increasing amount of waste generated by its 
expanding population. High building and operation 
costs of incineration plants and the lack of space for 

landfills have given rise to an urgent need for waste 
minimization and recycling.  
Due to the widespread usage of plastic products and 
their non-biodegradable nature, the proper end-of-life 
management of these materials has been demanding 
and challenging.  The annual generation of waste 
plastics in the US is almost 31 million tonnes 
(USEPA, 2012).  However, only 2.55 million tonnes 
are recycled, which is equivalent to a very low 
recycling rate of 8.2%. 
The annual plastics waste generation in Singapore 
increased from 546,537 tonnes in 2001 to 832,200 
tonnes in 2013, which constitutes about 11% of the 
total waste generated (NEA, 2014).  However, with 
741,100 tonnes of waste plastics being disposed of 
and only 91,100 tonnes recycled, the annual recycling 
rate remains low at 11%, showing little improvement 
over the past twelve years. 
 
II. OBJECTIVES 
 
The principal objective of this study is to examine the 
feasibility of using waste plastics as partial 
replacement of the bitumen in asphalt concrete 
wearing course under Singapore conditions. In 
particular, the performance grade of bitumen and the 
mixture strength of asphalt concrete shall be studied 
for the Land Transport Authority (LTA) Stone Mastic 
Asphalt (SMA) mix that incorporates some waste 
plastics replacement. 
 
III. MATERIALS AND METHODS 
 
A. Aggregates  
In this study, granite from Indonesia formed the bulk 
of the aggregate in the SMA mix. The aggregate 
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blend consisted of coarse aggregate, fine aggregate 
and mineral filler. The coarse and fine aggregate 
comprised sound, tough, durable particles, free from 
adherent coating of clay, organic matter and other 
deleterious substances (LTA, 2010). 
B. Bitumen 
The bitumen (asphalt cement) used by LTA in its 
SMA mix is the Polymer Modified Bitumen (PMB), 
PG-76 grade which was used in this project as 
targeted bitumen;and Pen 60/70 grade as 
conventional bitumen. The bitumen should conform 
to the requirements as LTA’s M &W 
specifications(LTA, 2010). 
C. Plastics 
The plasticsused was different types of raw waste 
plastics which was cleaned and shredded. 

 HDPE (High Density Polyethylene): e.g. 
from milk cartons   

 PS (Polystyrene): e.g. from food packaging, 
foam cups and plates, eating utensils 

 PP (Polypropylene): e.g. from Automobile 
battery casings, bottle caps 

 LDPE (Low Density Polyethylene) : e.g. 
from Plastic film used for food wrapping, 
trash bags, grocery bags, baby diapers 

 
D. Asphalt Premix 
Stone Mastic Asphalt (SMA) premix design was used 
according to LTA’s M & W specification (LTA, 
2010). 

 SMA with Polymer Modified Bitumen 
(PMB), PG-76 as targeted bitumen 

 SMA with Pen 60/70 bitumen as conventional 
bitumen 

 SMA with Pen 60/70 bitumen  and LDPE 10% 
composite as modified bitumen  

 SMA with Pen 60/70 bitumen  and PP 10% 
composite as modified bitumen  

 SMA with Pen 60/70 bitumen  and PS 25% 
composite as modified bitumen  

 SMA with Pen 60/70 bitumen  and HDPE 2% 
composite as modified bitumen 

E. Preparation Method 
A number of specimens were fabricated in the course 
of this study. They involved cylindrical specimens 
compacted by Marshall hammer. Binder grade of 
PEN 60/70 was used in all the mixes; where different 
types of waste plastics wereadded; the amount of 
different types of waste plastics was relied on total 
weight of bitumen which was used for mix design. 
The mixes were designated by appropriate codes, 
LTA’s M & W specification for easy subsequent 
reference(LTA, 2010).  
 
IV. LABORATORY TESTING 
 
A. Tests on Bitumen 

A series of tests were carried out on bitumen in 
accordance with Penetration Test (ASTM D5) to 
identify performance grade of bitumen as follows: 

 Conventional Bitumen, Pen 60/70 (without 
Recycled Waste Plastics) Tests 

 Conventional Bitumen, Pen 60/70 (with 
Recycled Waste Plastics) Tests 

 Polymer Modified Bitumen, PG - 76 Tests 
 

B. Tests on Asphalt Premix   
A series of tests were conducted on asphalt premix in 
accordance with Marshall Stability Test (ASTM 
D1559) as follows: 

 Without Recycled Plastic, Conventional 
Asphalt Premix Strength Tests 

 Recycled Plastic Composite Asphalt Premix 
Strength Tests 

 Polymer Modified, Targeted Asphalt Premix 
Strength Tests 

 
V. RESULTS AND DISCUSSION 
 
A. Bitumen 
Bitumen performance grades for different blends of 
waste plastics in this study are summarized in Table 
1. 
 
Table 1.Performance Grade of Bitumen for different blends of 

waste plastics 

 
Table 1indicates that the penetration value decrease 
as plastic content increase up to 10% LDPE, 10% PP, 
and 25% PS and 2% HDPE. 

 
B. Asphalt Premix 
Mixture strength of Stone Mastic Asphalt (SMA) 
premix for different composites of waste plastics in 
this study are summarized in Table 2. 
 

Table 2. Mixture strength of Stone Mastic Asphalt (SMA) 
premix for different composites of waste plastics 

 
 
Table 2 shows that the stability increase and flow 
decrease as plastic content increase up to 10% LDPE, 
10% PP, 25% PS and 2% HDPE. 
 
CONCLUSIONS 
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This study is concerned with the characterisation of 
the mechanical properties of Stone Mastic Asphalt 
(SMA) comprising different types of waste plastics. 
 The study focused mainly on the investigation 

of performance grade of bitumen such as 
penetration with different blends of waste 
plastics. It was found that bitumen and waste 
plastics blend with 10% LDPE, 10% PP, and 
25% PS and 2% HDPE can give satisfactory 
performance grade. 

 It was found that waste plastics content played 
a significant role in the mixture strength. As 
plastic content increase up to 10% LDPE, 10% 
PP, and 25% PS and 2% HDPE, the stability 
increase and flow value decrease so that 
appears to result in a longer pavement life. 
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