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Abstract: Among the proposed solutions for the environment protection; the materials recycling, 

particularly in road sector, the quest for enhancing road surface durability involves the use of 

various polymers in order to modify the bitumen utilized in the process. The present work aims 

to experimentally investigate the wet process enhancement of the rheological and mechanical 

properties of a bituminous concrete of the bearing layer based on class 40/50 bitumen modified 

by two additives, namely polypropylene PP500P and plastic waste (the fiber scraps of brushes, 

plastic brushes that are mainly made from this polymer). The main idea was to compare the 

rheological and mechanical characteristics of bitumen modified by the two additives with the 

same percentages of addition (2%, 4%, 6%, 8%, 10%) during varying mixing times (1h, 2h, 3h), 

and therefore analyzing  its resistance strength once recycled. The findings demonstrated that the 

impact of mixing time on rheological and mechanical properties of modified bitumen, as well as 

the same added percentages of the two additives does not result in the same effects on Marshall 

Stability, creep, compactness, volume of voids and the water resistance of the bituminous 

mixtures. In addition, we sought to evaluate the using limit of this type of plastic waste to utilize 

it as an alternative of polypropylene PP500P, in order to eliminate non-biodegradable plastic 

from nature.   
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1. Introduction 

Recycling materials in all fields has become crucial considering the global issues of 

environmental protection and sustainable development, especially in the road industry [1]. The 

road is considered as a socio-economic development factor of any country [2]. As road traffic 

increases, there arises a necessity to enhance the road's load- bearing capacity to bear heavier 

loads [3], thus the requirement for developing sustainable road surfaces [4]. Although the 

beneficial effect of the service life of a road surface on economy [2], it has an adverse ecological 

and environmental effect from the emissions of the asphalt plant. For this reason, the 

sustainability of pavement materials takes an increasing part in the policy of construction and 

maintenance of road networks [1]. From a technical perspective, there is a significant 

requirement to develop new guidelines for constructing pavements with enhanced rigidity [5] 

that is directly related to the load applied on the pavement [6]. In this context, several analyses 

have been carried out on the improvement of the mechanical, rheological and physical 

performance of bituminous asphalt [7]; currently, researches focuse on exploring the bituminous 

asphalt mechanical and rheological performance characteristics [8]. The good control of these 

different properties is theoretically applied on the development of a mathematical model of the 

bituminous mixture [9], practically many additives have been used to improve the properties of 

the asphalt used in road pavements. [10]. Indeed, the addition of different types of additives, 

such as polymers, can be relied upon to effectively enhance the mechanical and rheological 

properties [11], which are primarily designed for industrial purposes, these materials possess 

significant characteristics that contribute to the enhancement of bituminous asphalt [12]. The 

bitumen and polymers chemical structure based on their densities facilitate the improvement of 

certain aspects of bitumen properties by dry or wet methods [13]. The dry process enables the 

creation of formulations in the field [9]; also, it is particularly suitable for the use in high-

temperature regions. [14]. While, the wet process is more advantageous comparing to the dry 

process in terms of rigidity that is beneficial to rutting, that is considered as a major factor in the 

service life of road surfaces [15], this process considerably facilitates the compaction of asphalt 

mixes [16]. Furthermore, the choice of modifier for a road project may depend on several factors, 

including construction capability, availability, cost, and expected performance [17]. In addition 

to the environmental factor that is threatened by plastic waste, the latter are non-biodegradable in 

soils and waters [14], and they have a positive impact on improving the mechanical performance 
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of bituminous concrete, which could be one of the possible solutions to eliminate them 

scientifically [18]. Plastic contributes significantly to the generation of solid waste; every day a 

large amount of partially or totally plastic items are used and deposited in landfills [17]. 

Nowadays, several researches are conducted to find ways for recycling waste in the most 

sustainable way in different fields [19], in the road field it has been shown that the contribution 

of improved bitumen is double; the construction and life extension of roads [20]. Experimentally, 

roads are very rigid if the value of Marshall Stability is increased [21]. Marshall Stability has 

been shown to be improved to 5% by adding ethylene powder to a high class binder [22]. On the 

other hand, Ethylene aggregate improves deformation resistance to 3% [23]. For polyethylene; 

4% waste of this polymer in granule improves fatigue resistance [24], 5% of this polyethylene 

incorporated in powder in a medium-class binder; bituminous asphalt is more resistant to 

deformation [15]; yet, when the bitumen class has a high value and the polyethylene form is in 

powder form, incorporating this polymer into the bituminous coating significantly enhances 

crack resistance, as indicated by a 6% improvement [14]. In this context, using plastic waste in 

powder form is more beneficial than in granular form regarding the percentage of plastic waste 

incorporation. However, it is essential to note that this advantage does not extend to all 

parameters, such as temperature sensitivity resistance, where a minor improvement is observed 

with a 2% addition of polyethylene. [26]. In light of the fact of the low addition percentage of 

these polymers, the idea of improving bitumen by a mixture of three polymers: ethylene, 

polyethylene and polypropylene is made at low temperature, with the aim of incorporating more 

plastic waste, an improvement in the resistance to internal deformation of bituminous concrete is 

recorded, but this mixture reacts negatively to rutting [23]. Thus, despite the proven benefits of 

bitumen modification by plastomers, the problem of incompatibility with bitumen arises in 

relation to the non-polar chemical nature of the plastomers [27]. A good interaction (plastomer-

bitumen) is conditioned by a high class of bitumen and less percentage of addition plastic waste 

[28] which is not beneficial to the environment, or by the incorporation of stabilizing microfibers 

as a coupling agent with a medium-class bitumen plastomer [29], that could be less economical. 

Furthermore, when the binder is combined with both the polymer and a coupling agent, it 

undergoes a physical transformation when exposed to temperature [30], and since temperature 

influences the bitumen and modified bitumen, it can also react negatively on the rutting depth 

[31]. Thence, the percentage of plastic waste added is directly affected by factors such as 
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temperature, the type of plastomer used, and the class of bitumen employed [22, 24, 25, 14, 26]. 

Additionally, it has been proven that polypropylene incorporated in powder and at low 

temperature improves the resistance to deformation of asphalt concrete of high class, and that the 

powder form gives a linear structure [16], the powder form of this polymer reinforced by lignin 

(coupling agent) gives a linear structure and compatibility with high class bitumen[32], the 

powder form of the polymer at low temperature directly influences the compatibility ( plastomer-

bitumen) [33]. Also, it has been shown that at 40°C, polyethylene and polypropylene improve 

the rheological properties of bitumen [10].The desired ideal formulation of an improved asphalt 

mix is one that supports the potential for bitumen economy after the inclusion of plastic waste, so 

this formulation must achieve a higher plastic waste utilization rate [9,28]. The required 

resistance is achieved if the pavement is environmentally friendly with a lower material cost 

[34]. Global plastic production in 2017 was estimated at 380tonnes/year [35], two years later 

annual plastic consumption in Algeria was estimated at 25.8 kg/capita, and polypropylene waste 

represents 2.04% of the composition of plastic waste [36], the significance of emphasizing 

plastic recycling in roads cannot be overstated. While developed nations have already embraced 

this practice, it has now become crucial for underdeveloped countries to actively adopt it. 

The objective of this research was to determine the limit of polypropylene plastic waste recovery 

in the fibers form, as well as to compare it with the seed form to lead to a formulation of a very 

economical asphalt mix: without coupling agent, a bitumen of lower class (40/50), and knead at 

high temperature in time. This analysis was intended to generate scientific data that could serve 

as a basis for the disposal and recycling of plastic made by the polypropylene most used daily. 

Thus, this polymer's recycling efficiency in the building and maintaining of roadways in hot 

climates. Considering Algeria's reliance on importing polypropylene, this approach proves to be 

economically viable, environmentally beneficial, and exceedingly profitable, notably in 

conserving non-renewable natural resources. 

2. Methodology 

This work is carried out in two steps: first analyzing rheological characteristics of bitumen 

modified by the two additives: polypropylene PP500P and plastic waste , with the mixing time 

varied(1h, 2h, 3h) . The second step involves determining the percentage and mixing time that 

yield the same rheological results and then using to analyze the mechanical characteristics of the 

asphalt mix. 



Indexed & Refereed | ISSN: ????-???? | Peer-reviewed 
Takshila Journal of Research, Vol. 1 No. 1 

[ 38 ]   

Aggregate 

The experiment of this work is done entirely in the laboratory of technical control of public 

works of Algiers. The used aggregates are the fractions 0/3, 3/8, 8/15 of the quarry AIN TOUTA 

d El Hachimia of the wilaya of Bouira. They represent the intrinsic characteristics according to 

the consecutive standards: NA 458, NA 457 and NA255 (table 1). As well as manufacturing 

characteristics in accordance with standards: NA256, NF P18-591, and NF EN 933-8. The 

particle size analysis is according to standard NA 2607, the percentages of the granular fractions 

obtained (Table 1) fits perfectly in the spindle of the 0/14 semi granular asphalt concrete 

reference. 

Table 1. Aggregate General Characteristics 

Test  Results Specifications 

 0/3 3/8 8/15  

intrinsic characteristics      

LOS ANGELES - 21 22.75  

MICRO-DEVAL Coefficient - 18 14.80  

Volumic masse (g/cm3)  2.70 2.69 2.70  

Manufacturing characteristics     

Flattening coefficient  16.17% 20.68% <25% 

Superficial cleanliness   0.6% 1.20% < 2% 

Sand equivalent 47.85%   > 40% 

Plasticity index 6,10%   - 

The binder  

The binder used is the bitumen of class 40/50 are provided by NAFTAL (Algeria), it represents 

the identification characteristics in accordance with the standards, NA 2617, NA 5192 and NA 

5224 successively (table 2). 

Table 2. Identification characteristics of the binder used 

Essay Obtained Results  Specifications 

Softening point (°) 49 47 à 60 



Indexed & Refereed | ISSN: ????-???? | Peer-reviewed 
Takshila Journal of Research, Vol. 1 No. 1 

[ 39 ]   

Penetrability at 25°C   46 40 à 50 

Relative density at 25°C 1,04 1,01 à 1,04 

The Polymer  

The type of polymers used is a homopolymer named Polypropylene PP500P with rounded white 

aggregates of about 3mm, recovered from SABIC deposit in Algiers and imported from Asia. 

This polypropylene represents the mechanical and thermal properties according to the mentioned 

norms (table 3). 

Table 3. General properties of polypropylene PP500P 

Properties Unit Value test method 

Fusion flow at 2.16Kg and 230°C g/10min 3 ASTMD-1238 

Tensile strength at performance MPa 35 ASTMD-638 

Elongation to traction to efficiency  % 11.5 ASTMD-638 

Bending modulus (1% sequence) MPa 1480 ASTMD-790A 

Impact force cut to 23%  J/m 35 ASTMD-256 

Thermal deflection temperature at 455 KPa °C 100 ASTMD-648 

Melting temperature °C 160 ASTMD-1525B 

Hardness Rockwell 102R ASTMD-785 

Plastic waste  

The plastic waste used in this study comes from cleaning brushes and plastic brooms made from 

polypropylene in Reghaia (ALGERIA), with fibers of identical diameters cut into small pieces of 

approximately 0.3mm. 

 

Figure 1 Used Materials 
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In the first part the mixing speed and temperature are: 700rpm, and 175°C. Then analyze 

simultaneously the two parameters (penetrability and softening point) of the bitumen.  

 

Figure 2 Softening point and penetrability tests 

The second experimental part consisted in analyzing the effect of each additive on the water 

resistance, Marshall Stability, creep, compactness and percentage of voids of bituminous 

mixtures, prepared according to the Algerian standard (NA5227). Mixtures based on bitumen 

modified by polypropylene PP500P kneaded for 3 hours, while mixtures based on bitumen 

modified by plastic waste mixed for 2 hours, in different percentages (2%, 4%, 6%, 8%, and 

10%). 

 

Figure 3 Preparation and compaction of samples with both additives 

    

Figure 4 Preparation of modified asphalt for crushing 
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The samples were created using molds with specific measurements: a diameter of 101.6 mm, a 

weight of the entire mold at 1200g, a height of 63mm, and the process was conducted at a 

temperature of 160°C (refer to figure 9). The density of bitumen is 1.02 A': The compressive 

strength in immersion for 7 days at the free area and at a temperature (20-25°C), thereafter the 

sample was put for 40min in immersion at 60°C, then crushed by jaw crusher. A: Dry 

compressive strength for 24 hours (20-25°C) after 40min at 60°C, then jaw crushing. The 

Marshall speed is 5000mm/min 

     

Figure 5 Crushing of the samples 

3. Results and discussions: The results of penetrability and softening point after the 

addition of polypropylene PP500P and plastic waste are given in tables 4 and 5. 

Table 3. Penetrability and softening point results with the addition of PP500P 

T=1h Results 

PP500P(%) 0 (control) 2 4 6 8 10 

Penetrability at 25C°(1/10mm) 46 44 43 42 41 39 

Softening point (°C) 49 51 55 57 57 58 

T=2h       

Penetrability at 25C°(1/10mm) 46 43 42 41 39 38 

Softening point (°C) 49 52 56 58 60 64 

T=3h       

Penetrability at 25C°(1/10mm) 46 42 38 38 36 35 

Softening point (°C) 49 54 57 65 67 75 

Table 4. Results of penetrability and softening point with the addition of plastic waste  
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T=1h Results 

Plastic waste (%) 0(control) 2 4 6 8 10 

Penetrability at 25C°(1/10mm) 46 45 45 43 42 42 

Softening point (°C) 49 50 52 54 55 55 

T=2h       

Penetrability at 25C°(1/10mm) 46 44 42 40 38 37 

Softening point (°C) 49 52 53 55 57 60 

T=3h       

Penetrability at 25C°(1/10mm) 46 44 42 39 37 37 

Point of  softening (°C) 49 53 55 59 61 63 

Based on the above findings, graphs have been produced that show the evolution of bitumen 

penetrability (Figures 3 and 4) and softening point (Figures 5 and 6) as additive percentages 

change (PP500P and plastic waste). 

 

Figure 3 Penetrability by percentage of addition of PP500P 
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Figure 4 Penetrability as a function of plastic waste 

 

Figure 5 The softening point as a function of PP500P 

 

Figure 6 Softening point as a function of plastic waste 

The results obtained from the work of the second part are summarized in Tables 5 and 6. 

Table 5. Marshall Asphalt Results at PP500P 

Addition of 

PP500P(%) 

Marshall 

Stability 

(KN) 

Creep 

(mm) 

Quotient 

Marshall 

(KN/mm) 

water 

resistance 

compactness 

(%) 

Void 

percentage 

(%) 

Additive-free 10.82 3.37 3.21 0.76 95 5 

2 13.27 3.20 4.14 0.82 96 4 

4 14.02 2.95 4.75 0.81 96 4 

6 14.98 2.67 5.61 0.82 97 3 

8 15.51 3.18 4.87 0.83 98 2 
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10 15.52 3.91 3.96 0.85 99 1 

specifications >10.5 <4 - >0.8 95 - 97 3 - 5 

Table 6. Marshall results from asphalt to plastic waste 

Penetrability 

The results illustrated in (fig. 3) and (fig. 4), showed a decrement in the penetrability value from 

46dmm for base bitumen to 35dmm for PP500P kneaded at 3h, and 37dmm for kneaded plastic 

waste at 2h, demonstrating that this polymer's rigidity increases in its original form compared to 

its recycled state by up to 10% of added concentration. The polymer was mixed for 3 hours at a 

temperature of 175°C, during this process, the polymer turned into a molten state, absorbing 

some of the oil. Additionally, it released a lower molecular weight fraction into the bitumen. [37, 

38], which increases bitumen viscosity and at the end of the process after cooling, the hardened 

mixture formed with the addition of PP500P more than with the addition of plastic waste. 

Although bitumen hardening improves the material's rigidity and hence increases its capacity for 

bearing loads, it can also induce fractures [16]. This risk is less in BB modified by plastic waste; 

they are advantageous in terms of crack resistance comparing to polymers. The decrease in 

penetrability has a direct relationship with viscosity, and the improvement of resistance to 

sensibility at temperature [26].  

Softening point  

Addition of 

plastic 

waste(%) 

Marshall 

Stability 

(KN) 

Creep 

(mm) 

Quotient 

Marshall 

(KN/mm) 

water 

resistance 

Compactness 

(%) 

Void 

percentage 

(%) 

Additive-free 10.82 3.37 3.21 0.76 95 5 

2 12.70 3.42 3.71 0.78 96 4 

4 12.65 3.71 3.40 0.80 96 4 

6 13.16 3.68 3.57 0.81 97 3 

8 13.85 3.5 3.95 0.82 97 3 

10 14.01 4.13 3.39 0.79 98 2 

specifications >10.5 <4 - >0.8 95 - 97 3 - 5 
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The results obtained from (fig. 5) and (fig.6) reported an increase in softening point from 49°C of 

base bitumen to 75°C for bitumen modified by PP500P and 63°C for plastic waste up to 10% of 

concentration kneaded for 3 hours of time. The effect of thermoplastic modification does not 

significantly affect the softening point as penetrability [37, 38]. This could be explained by the 

internal structure formed by the polymer, which appears to be thermodynamically stable, and 

does not significantly affect the softening point [19]. Additionally, PP500P has a significant 

increase than plastic waste. This confirms that polymer modified BB with an increased softening 

point, improves the performance of the pavement in terms of rutting, fatigue and temperature 

sensitivity [16].   

Further, At 8% addition of plastic waste during 2 hours of kneading, and at 4% addition of 

polypropylene PP500P during 3 hours of kneading, the bitumen showed the same penetrability 

value (38°C) and also the same value of the softening point (57°C), i.e. the bitumen needs more 

mixing time (3 hours) if modified with PP500P, and less mixing time (2 hours) if modified with 

plastic waste. The latter provides a lower range of softening point variation because of the 

homogeneity achieved when blending this plastomer with the base bitumen, which is attributed 

to its low molecular weight [39]. In the rest of the experiment the kneading time was set at 3 

hours and 2 hours for modified bitumen with PP500P and with plastic waste, respectively. 

Effect of PP500P and plastic waste on Marshall stability 

 

Figure 7 Stability Marshall with Addition of PP500Pet plastic waste 

(Figure 7) showed the Marshall Stability variation of the asphalt concret modified by the PP500P 

and the plastic waste. An increment in the Marshall stability of modified bituminous concrete 

was noted from the minimum value of 10.82KN obtained for the base AC, to 15.52KN for the 

PP500P, and to 14.01KN for plastic waste with 10% addition of improvers. Importantly, the 

PP500P gave a higher stability than plastic waste which also reacts positively on Marshall 



Indexed & Refereed | ISSN: ????-???? | Peer-reviewed 
Takshila Journal of Research, Vol. 1 No. 1 

[ 46 ]   

Stability. The increase in Marshall Stability of modified AC could be explained by the good 

adhesion developed between bitumen and PP500P or plastic coated aggregates due to 

intermolecular bonding, these intermolecular attractions improved bitumen strength [40]. This 

enhancement was successful by agglomeration, aggregation or flocculation of particles in the 

multi-phase system [41, 42]. The interarticular forces became predominant which contributes to 

the bitumen improvement and therefore the stability and durability of the AC. 

PP500P and plastic wastes on the bitumen creep 

Regarding creep (figure. 8) there was a decrease in the value of 3.37mm for the control AC 

(without additive) to a minimum value of 2.67mm with the addition of 6% of PP500P, and 

3.5mm to 8% of plastic waste.  Moreover, the addition of PP500P reacts positively on creep, and 

according to the norm the addition of 2% 4% 6% 8% plastic waste reacts positively on the creep 

of bituminous concretes. This modified AC behavior returns to the nature of the improver, and 

also the internal structure of base bitumen plays a key role [43, 39], this variation in creep values 

could be attributed to the increased rigidity of polymer modified bitumen, which improves its 

resistance to permanent deformation giving a relatively more rigid BB [44]. 

      

Figure. 8 Creep with addition of PP500P and plastic waste 

Effect of PP500P and plastic waste on water resistance 
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Figure. 9 PP500P Water Resistance and Plastic Waste 

According to (figure 9) the mixture without addition does not show a good water resistance 

(0.76) less than (0.8) (specification). Importantly, the water resistance increased after adding the 

PP500P and recorded variable values greater than 0.8 to reach 0.85 for 10% PP500P addition, 

and 0.82 to 8% of plastic waste addition, but it decreased to 0.79 for 10% of plastic waste 

addition. According to these findings, the adding of plastic waste to bituminous concrete has a 

positive effect on the water resistance of this asphalt; yet, it is limited to 8%. A good water 

resistance of a AC means a good moisture resistance, i.e. this mixture is recommended for 

coatings in wet areas [29]. 

Effect of PP500P and plastic waste on compactness 

The change in compactness with each additive is presented in (Figure 10). Interestingly, an 

improvement of compactness was noted from 95% of the initial mixture to 97% for 6% of 

PP500P addition of and 8% of plastic waste addition. On the other hand, the compactness was 

not favorable for both improvers at 10%. This variation in compactness to modified bitumen 

behaviour may be due to reversible structural degradation commonly found in the multi-phase 

system of polymer modified bitumen [41, 42]. Moreover, the successive concentrations of 6% 

and 8% of PP500P and plastic waste formed the ideal AC at the time of compaction, less pores 

between the aggregates and therefore less rutting. 
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Figure. 10 Evolution of compactness according to PP500P and plastic waste 

Effect of PP500P and plastic waste on voids percentage 

(Figure.11) demonstrates the variation of the asphalt voids percentage depending on plastic 

waste and PP500P; this parameter was at 5% for ordinary asphalt, but it decreased to 3% when 

6% of additives were included. Favorable values of air voids attribute to the stability of the 

modified mixture, which can be easily compacted, and therefore, the level of compaction 

achieved. 

 

Figure 11 Percentage of voids by PP500P and plastic waste 
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Effect of PP500P and plastic waste on quotient 

The impact of PP500P and plastic waste on the quotient is depicted in Figure 12. The quotient 

varies from 3.21 KN/mm (without addition) to 3.96 KN/mm (at 10% addition of PP500P), and 

then 3.95 KN/mm at 8% of plastic waste addition, and finally 3.39 KN/mm. This parameter 

directly depends on Marshall Stability and creep; thus, the recorded peak is from to the minimum 

creep value of 2.67mm. Furthermore it could be stated that the addition of PP500P granulate or 

recycled plastic waste has a positive effect on the quotient of asphalt concrete. The improved 

values of this AC parameter indicate a greater ability to spread the applied load and resist creep 

deformation of this AC. According to that, the Marshall Quotient is the measure of permanent 

deformation in service. 

    

Figure. 12 Marshall quotient according to PP500P and plastic waste 

4. Conclusion 

The conclusions drawn from this work were as follows: 

▪ The possibility of integrating recycled polypropylene (plastic waste) through the wet 

process has a significantly positive impact on the rheological and mechanical properties 

of bitumen. 

▪ Polypropylene is a temperature-resistant plastomer.  

▪ Class 40/50 bitumen showed a good compatibility with PP500P polypropylene waste 

without coupling agent.  

▪ The rheological properties of bitumen 40/50 were improved in the same way; by 4% of 

PP500P in grains and by 8% of plastic waste.  
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▪ The low molecular weight of plastic waste at a concentration of 10% provides 

homogeneity with bitumen and increases the deformation resistance of the improved 

asphalt mix.  

▪ Marshall Stability was improved by a 4% PP500P grain and 10% plastic waste. 

▪ The fiber form is more advantageous compared to the seed form regarding:  

✓ mixing time  

✓ resistance to cracking  

✓ Reduced asphalt potholes and less rainwater stagnation. 

▪ Utilizing polypropylene plastic to enhance the mechanical characteristics of bitumen 

affords a reliable method for its safe disposal. 

▪ Recycling polypropylene plastic waste is one of the cost-effective environmental 

solutions. 

▪  The recycling of polypropylene plastic waste is effective in all high-temperature regions, 

including Algeria. 

▪ The recycling in road sector could have a positive impact on sustainable development. 

▪ However, forward tests such as indirect tensile stiffness module, indirect tensile fatigue 

test or four-point bending test, repeated load, axial test, etc., should be necessarily 

assessed in order to verify the properties of Asphalt Concrete modified to plastic waste 

polypropylene in the form of shredded fibers without using coupling agents. 
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