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ABSTRACT 
 
Flexible road paving layers are subjected to mechanical 
stresses caused by traffic as well as thermal stresses resulting 
from climatic and environmental changes that lead to the 
appearance of deformations and cracks. Therefore, the Hot 
Mix Asphalt (HMA) must maintain a continuous and 
acceptable performance under the influence of the different 
conditions to which they are subject. Environmental and 
climatic conditions affecting the performance of asphalt 
mixtures include moisture, temperature and their 
interactions. As for the temperature, when the temperature 
rises, the asphalt mixtures soften and become softer and lead 
to rotting. Therefore, good paving design must take 
environmental and climatic changes into account. 
This research aims to study the permanence of modified 
asphalt mixtures (MAM) with waste plastic (WP) under the 
influence of exposure to high temperature in addition to 
studying durability of HMA and MAM mixtures by 
immersing the samples with water at 80℃ for variable time 
periods according to the following (8, 16, 32, 64, and 128 
hours) at 6% optimum content of WP. The volumetric and 
mechanical properties of HMA and MAM mixtures have been 
determined using different proportions of asphalt (4.5%, 5%, 
5.5%, 6 and 6.5% by total weight of mixtures). The optimum 
content was 5.5% by weight of asphalt. Various percentages 
of WP (2%, 4%, 6%, 8%, 10, and 12% of optimum asphalt 
content (OAC) are used to determine optimum content of WP 
that was found to be 6% of OAC. The outcomes show that the 
addition of WP has a significant positive influence on the 
properties of HMA. 
 
Key words: Waste Plastic, High Temperature, Modified 
Asphalt. 

 
1. INTRODUCTION 
 

HMA is the most common kind for flexible pavements. 
Statistics show that there are about 4.33 million kilometers of 
 

 

paved highways in the United States (US), and most of these 
roads are paved with HMA, reaching more than 90% of the 
roads. [1]. HMA can be considered as a complex mix that 
comprise of three main components: asphalt, aggregate, and 
voids. Nonetheless, aggregates is primarily component in 
HMA and constitutes 97% of the total weight [2].  

Recently, new techniques were adopted to produce new 
sources extracted from the recycling of some expired 
materials to decrease the undesirable effects of cumulative a 
WP and reduction the need of natural materials [3][4][5]. WP 
is a byproduct of consuming different bottles (drinking water, 
soft drinks, and yoghurt) and the plastic bags used for 
packing, catering, and vegetables. Plastic tools are prepared 
of Polyethylene Terepthalate (PET) and High-density 
Polyethylene (HDPE) [6]. 

The three interrelated elements, namely design, 
construction, and maintenance, constitute an economic and 
environmental strategy to maintain facilities. In such 
strategies used to construct highway pavement layers, the goal 
is to define a technique to develop the asphalt performance by 
preserving natural resources and reducing energy 
consumption and carbon dioxide emissions in addition to 
minimizing maintenance as it is one of the future obstacles to 
any project [7]. Additives can be added to asphalt mixtures in 
different ways, such as wet and dry method, and there are 
several types of them, such as industrial polymers (such as 
polypropylene, polypropylene, and polystyrene), recycled 
rubber, and WP [8][9]. 

 One of the most important sources of plastic waste is the 
plastic industries for human consumption purposes in Jordan 
and many countries [10]. And for this important matter, the 
search for the use of such materials in the road industry has 
become an urgent engineering priority. HMA is chosen to 
ensure optimal performance under heavy loading conditions 
and severe weather conditions (lowest temperature or high 
temperature) during the service life of the road [11]. 

Several researchers have studied the possibility of adding 
WP to HMA and have obtained good results. Paul and 
Bhattacharya in 2015 prove that adding WP to aggregates 
during the mixing process decrease the water absorption and 
voids in addition to improving durability mixtures, and these 
mixtures can resist heavy traffic with better performance [12]. 
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As stated by Chavan in 2013, WP from used grocery bags can 
be valuable in the production of MAM, this is done by 
increasing the resistance and performance of the surface layer 
as well as it also reduces the percentage of asphalt used in the 
mixture by 10% [13].  

On the other hand, Ahmed uzzaman and other in 2013 
determined that the WP can add up to 10% of asphalt content 
to HMA mixes, and   also can add up to 7.5% of PVC to HMA 
mixes in a heater area from the viewpoint of stability, air 
voids, and toughness characteristics [14]. 

Another investigation achieved by Abu Abdo in 2017, he 
use WP as a modifier to HMA with 0, 0.2, 0.5, and 1% of 
overall aggregates weight. Results shown that adding 0.2% 
WP would improve HMA performance. He has also revealed 
that adding 0.5% WP would produce sustainable HMA [15]. 
Al-Humeidawi in 2014 examined the possibility of adding 
WP extracted from plastic bags in making of HMA mixture. 
He was stated that coat the aggregates with modified asphalt 
result in increased stability to rate equal to 10% and an 
increase of up to 9% in the value of indirect tensile strength 
related to control mixtures [16]. 
 
2. RESEARCH GOALS  
 

Based on the previous reference study, the effect of high 
temperature levels on the performance of modified asphalt 
mixtures with WP has not been studied.  Not surprisingly, this 
investigation targets to study the effect of continuous 
exposure to high temperatures on these mixtures. As is 
known, the submersion temperature of the Marshall samples 
in the water bath is 60 ° C. In this paper, the degree of samples 
immersion will be 80 ° C. 
 
3. METHODOLOGY   

Based on the environmental and climatic general 
conditions in Jordan. As a result of these harsh conditions in 
some seasons [17], the proportion of asphalt to the total 
weight of the asphalt mix is as follows: 4, 4.5, 5, 5.5, 6, and 
6.5%. The asphalt used had the specifications shown in the 
table1. The characteristics of natural aggregates are defined, 
L A abrasion value (ASTM C131 – 81) remained within the 
permitted limits, which were 27.14%, It is less than 
satisfactory value (30%) [18], and aggregates gradation in 
accordance with Jordanian specifications as showed in 
Table2.Specific gravity of aggregates were 2.6 for coarse, 
2.61 for fine, and 2.70 for filler.  

WP consists of a variety of consumed household bags 
collected from municipal waste. These bags are cut into small 
parts ranging from 1 to 3.6 mm, specific gravity was 0.96 
(ASTM D792). The shredded WP was added to the asphalt 
cement at temperature between 160 and 170 °C, they were 
manually moved for a period of 20 to 30 seconds. This process 
resulted in a uniformity within 25 to 30 seconds. Changed 
proportions of WP as follows: 0%, 2%, 4%, 6%, 8%, 10% and 

12% which were replaced of OAC. MAM (asphalt-WP) and 
reference mixture were prepared, where WP added over the 
hot asphalt (155 °C).  

The optimum modified asphalt-WP content were 
determined by calculating the mixtures’ performance in 
relation to the Marshall Examination (ASTM D 1559-89), 
specimens’ number were 21. At the beginning of the study it 
had been prepared specimens test to determine OAC, 
specimen number also were 21. Figure 1 shows some of the 
samples tested. 

To study the influence of high temperature levels on the 
performance of MAM with WP, the subsequent technique was 
used: 18 specimens of each category of mixtures were made 
(the total were 36 specimens HMA and MAM), and then 
placed in a water path to expose them to 80 oC According to 
the following schedule 0, 8, 16, 32, 64, and 128 hours, these 
specimens where then removed and placed in a water bath of 
60 oC for 24 hours, these specimens were then taken and 
tested directly, stability and flow were calculated. The 
Marshall specimens were compacted by using compaction 
procedure with 75 blows on the top and bottom face of the 
specimens at 140-145 ° C. 

 
Table 1: Asphalt specifications 

Asphalt specifications as obtained through 
experiments 

Test value Method 
Ductility 77 cm ASTM D113 

Penetration 64 mm ASTM D-5 
Softening point 51.45 oC ASTM D-36 

Fire point 314 oC AASHTO T48 
Flash point 286 oC AASHTO T48 

Specific gravity  1.03 ASTM D-70 
 

Table 2: Aggregates Gradation 
Aggregate Gradation  according to ASTM C131 

Sieve opening 

% Percentage of passage 

Fine 
Aggregate 

Coarse Aggregate 

25 mm 100 100 
19 mm 100 97.24 

12.5 mm 100 60.65 
9.5 mm 100 33.59 

#4 99 2.88 
#8 86 0.57 
#16 50 0 
#30 30 0 
#50 16 0 

 (75mc) 7 0 
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Figure 1:  Marshall samples after molding 
 

4. RESULTS AND DISCUSSION 
 
4.1 Determine the Percentage of PP 
 

     The mechanical properties of MAM were calculated 
after adding WP into HMA mixes. The results of the tests are 
presented by Figures showing the relationship between the 
proportion of WP and each of the specific gravity, Marshall 
stability, air voids, voids in mineral aggregate (VMA), and 
flow. 

 As the WP content increases, the values of specific gravity 
gradually decreases, as shown in Fig. 2. This performance is 
attributable to the creation of minor crystal parts of the WP in 
the mix of HMA. This results in lower values of specific 
gravity compared to the aggregates. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Variable proportions of versus bulk specific 
gravity 

 
As presented in Fig. 2, increasing the percentage of WP 

leads to an increase in stability value until 6% of WP and then 
it variations to a downward movement. The improved 
performance of these mixtures can be explained by the 
increase in the ratio of WP to the fact that the WP have greater 
adhesion between the aggregates in the mix. After that, any 

increase in WP leads to a decrease in the stability, this result is 
related to the formation of a stiffer blend made from a small 
crystal of WP particles. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Variable proportions of WP versus Marshall 
stability 

 
As showed in Fig. 4, an increase in the WP ratio leads to a 

gradual decrease in the flow until 6% of WP and then it 
variations to an increasing movement. As shown above, this 
performance may contribute to the creation of a stiffer blend. 
Nevertheless, the high value of the flow is accompanied by a 
low value for stability [16]. 

 

 
 

Figure 4: Variable proportions of WP versus Flow 
 

As Fig. 5 demonstrations, increasing the WP ratio leads to 
additional air voids in HMA mix because of the chopped WP 
added in the mix. This performance is attributed to the two 
influences, the first of which is the increase in WP, which 
leads to the weakening of the compact capacity, and 
consequently, larger voids. The second is the formation of a 
stiffer crystal particles, which forms a larger surface area, 
thus requiring a greater asphalt during the mixing process of 
HMA, thus creating larger voids [19]. 
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Figure 5: Variable proportions of WP versus air voids 
 

As shown clearly from Fig 6, the increase in WP 
corresponds to an increase in VMA ratio. As is evident from 
this figure, the VMA ratio in MAM mixes are greater than 
those of the reference mixes for each asphalt content. The 
HMA durability is affected by the thickness of the asphalt film 
around the aggregates. In order to obtain a high durability, the 
percentage of VMA must be less [20]. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Variable proportions of WP versus VMA 
 
According to determine maximum values of specific 

gravity and stability, as well the void ratio (4 %), the optimum 
WP proportion are 6 of asphalt weight.   As the proportion of 
the total asphalt was also determined by 5.5% of the total 
weight of the Marshall sample according to the same 
experiments in which the WP proportion was determined. 
Consequently, it can be confirmed that the influence of PW on 
the mechanical properties is significant. 
 
4.2 Study of Durability of MAM and Reference Mixtures. 
 

Time duration of exposure to excess temperature (80 OC) 
affects both reference and MAM with PW. However, the 
MAM exhibit greater durability when the period of exposure 

to high temperature increases, as shown in Figure 7 and 8. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Stability VS number of hours at a high 
temperature 

 
The durability of MAM decrease gradually with increasing 

hours of immersion with high temperatures. But reference 
mixtures start to decrease for up to 16 hours, after which the 
shape of the curve changes upward and then decreases 
dramatically at 32 hours of exposure to high temperature. The 
behavior of reference mixtures can be explained by the fact 
that the increase in temperature led to a decrease in the 
viscosity of the asphalt, so that the aggregate are repositioned 
as a result of the expansion of the asphalt and the aggregated, 
so the value of the stability decreases, and by increasing the 
time duration of exposure to high temperature, the oils and 
volatile substances in the asphalt begin to volatilize and 
evaporate, which leads to an asphalt  hardening that gives 
higher stability than before.  And with continued exposure to 
high temperatures, the stability values begin to decrease as a 
result of the oxidation of the asphalt surrounding the 
aggregate, and the action of water begins to appear slowly. It 
can be observed that the increase in durability of the MAM is 
approximately 79 percent higher than the reference mixture 
at 128 hours of exposure to high temperature. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Stability VS number of hours at a high 
temperature 
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From the above, it is clear that the use of WP as an additive 
for HMA mixes has reduced the flow values as shown in 
Figure 8, where flow for MAM is lower than HMA mixes. 
The addition of WP has improved the durability of these 
mixtures and their resistance to exposure to high temperature 
as shown in Figure 8, due to the improvement of the cohesion 
and adhesion properties of the asphalt, as the use of WP leads 
to the hardening of the asphalt. 
 
4. CONCLUSION 
 

It can be summarized the results of laboratory samples that 
have been prepared in accordance with the wet method (by 
adding WP to HMA) with the following: 

1. The experiments carried out on the HMA showed that 
the OAC was 5.5% of the total weight of the asphalt 
mixtures. 
2. The proportion of WP added to the asphalt was 6% of 
the weight of the added asphalt for the HMA. 
3. Experiments have shown that the specific gravity 
decreases by increasing the proportion of WP. 
Conversely, the flow increases as the WP increases. 
4. There is an inverse relationship between stability and 
flow. Increasing one leads to a decrease in the other. 
5. The results show the divergence of the durability 
curves. The stability values for the HMA at 128 hours are 
lower than MAM by 79%%. The use of WP helped to 
increase the resistance of these mixtures to the effect of 
high temperature and thus better durability. 
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