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A B S T R A C T   

In recent years, research is pushing toward more sustainable solutions in the road sector such as cool pavement 
and eco-friendly paving components. Cool pavements are advanced pavement technologies characterized by 
lower surface temperature thanks to the use of light-coloured binders and an open-graded structure. In this 
framework, the present study intends to provide a laboratory characterization of two different open-graded 
wearing courses produced with Construction and Demolition waste (CDW) aggregates and virgin aggregates 
and with a transparent resin-based binder. The final aim of the research is to provide scientific evidence on the 
possible application of the adopted resin-based transparent binder with light-coloured aggregates for open- 
graded wearing courses in order to minimize the Urban Heat Island phenomenon. The results show that the 
addition of 50% of CDW aggregates to the porous asphalt enhances the abrasion resistance and the mechanical 
performance of the mixture.   

1. Introduction 

Nowadays, the world’s population living in cities has exceeded the 
50 %. This proportion is expected to increase to two third by 2050 [1]. 
Rapid urbanization and population growth continuously change the 
landscape and land use. More densely populated cities result in the 
development of new roads, buildings, and infrastructures that replace 
vegetation and urban green spaces. Such growth leads to more imper-
meable dark-coloured surfaces which give rise to less infiltration, 
drainage, and heat dissipation [2,3]. Furthermore, the always- 
increasing aesthetic demand of people has transformed the traditional 
black-coloured pavement into a monotonous design solution unable to 
satisfy the needs of modern cities. For this reason, coloured pavements 
started to become popular for embellishing residential areas, routes, 
parks, and historical city centres and to differentiate pedestrian and 
bicycle-dedicated lanes [4]. Different studies highlighted that coloured 
pavements are more appreciated by users [5,6]. They meet the aesthetic 
standard of people and are more in harmony with the natural landscape 
[7]. Because of their colour, light-coloured pavements are perceived by 
users as more pleasant than the traditional bituminous ones, since white 
and light objects are associated with positive feelings [5]. Given that 
traditional pavements are black asphalt, the use of colour can be a 

proper way to kindly integrate the always-increasing urbanization into 
the environment and lower their visual impact. It is demonstrated how 
much it is important to create infrastructures that are pleasant for people 
and that can properly match the surrounding landscape [8]. The most 
common way for creating coloured and cool pavements is using light- 
coloured asphalt, made with a bitumen-based clear binder, or with the 
use of coloured pigments [9,10]. Widely used are even coloured asphalt 
mixtures made with transparent resin. Synthetic resin binders are 
particular materials made with polymers, resins and oils. Different 
studies demonstrated how the use of synthetic binders enhances the 
mechanical properties with respect to traditional bitumen [4,11,12]. 
Furthermore, synthetic binders can be easily coloured and in practice, 
they can reduce the visual and environmental impact of black bitumen. 
Therefore, is it possible to use specific aggregates to create wearing 
courses that have the same colour as the surrounding landscape [13]. 
With these innovative binders it is possible to develop light pavement in 
the historic city centres without a negative impact on the environment 
but by enhancing its beauty instead [14]. To further emphasize the 
benefits of light-coloured pavement, it is worth mentioning the Urban 
Heat Island (UHI) phenomenon. The UHI is the phenomenon by which 
the urban area experiences an increment in temperature compared to 
the rural one [15]. Currently, the countryside has an annual mean daily 
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temperature of 1 to 3 ◦C lower than its urban counterpart [16]. The 
effects directly connected to the UHI are a reduction in the quality of the 
urban environment, the worsening of thermal discomfort, and the rise of 
health problems. For instance, Kousis et al, demonstrated that the use of 
an innovative polyolefin-based synthetic transparent binder signifi-
cantly implements the UHI mitigation potential of the pavement [17]. 
Moreover, the grading distribution and the mix design of pavements 
play a key role in the mitigation of the UHI effect. In such a context, the 
use of pervious pavements, and in specific porous asphalt concretes, is a 
proper solution to face the aforementioned phenomenon [18].They are 
mostly used for stormwater management but it is demonstrated that 
they even have evaporative cooling effects [19]. In fact, when water is in 
the pores of the pavement, evaporative cooling reduces the air tem-
perature and consequently mitigates the urban heat island [20]. The 
high percentage of interconnected voids and its capacity to infiltrate 
water, reduce the UHI phenomenon, making the porous asphalt a suit-
able application for urban pavement [21]. In addition, to keep up with 
the present environmental need, a crucial aspect in the design of inno-
vative pavements is the use of waste material. Aggregates represent 
90–95 % of asphalt mixtures by weight. They are the principal compo-
nent of pavement layers, resulting in the consumption of millions of tons 
of virgin aggregates each year [9]. The consequent detrimental effect on 
the environment can be reduced by introducing the use of recycled 
materials in the design of new pavement or for the maintenance of old 
ones. In particular, construction and demolition waste (CDW) aggre-
gates are suitable materials that can be used in the context of UHI 
mitigation [22]. The construction and demolition waste can contain 
concrete, bricks, plaster, and other types of materials such as wood and 
plastic [23]. When CDW materials are mainly composed of concrete and 
pozzolanic materials, they provide a light greyish colour to the layers, 
making them appropriate for cool pavement [24]. Therefore, before 
using it, this type of material needs to undertake specific treatments. In 
Italy, in 2018 around 41 million tons of construction and demolition 
waste were generated and discharged [25]. Nowadays, construction and 
demolition materials are a great alternative to natural aggregates and 
they are widely used in different layers of road pavement [26]. This 
possible recycling method could drastically reduce the quantity of waste 
material produced in one year [27]. The present research takes place 
from a perspective of circular economy, sustainable development, and 
integration of the new infrastructure with the surrounding landscape. 

The aim of this work is to evaluate the characteristics of an innovative 
porous asphalt made with 50 % of recycled concrete aggregates from 
CDW and a polyolefin-based synthetic transparent binder. The latter is a 
proper alternative for light-coloured asphalt, and it is able to not lose 
transparent properties during its lifetime. The innovative material is 
compared with a traditional porous asphalt made with virgin aggregates 
and bitumen and with a porous asphalt made with the same transparent 
binder but with only virgin aggregates. The physical, mechanical and 
functional properties of the mixture are evaluated through a complete 
and fulfilling laboratory investigation. 

2. Materials and test methods 

In the present research, the mechanical, physical, and surface 
properties of three different mixtures for porous wearing course, 
composed of virgin and recycled aggregates, bitumen, and synthetic 
transparent binder have been evaluated. The objective of the study was 
to compare the three different mixtures and verify if the combined use of 
transparent binder and CDW aggregates is suitable for open-graded 
layers for UHI mitigation. 

2.1. Material 

2.1.1. Aggregates 
For this study, an accurate selection of the type, colour, and size of 

aggregates was required. The white colour of the virgin aggregates was a 
crucial characteristic since the synthetic binder is transparent and em-
phasizes their colour. Two types of materials are used for the analysis:  

• Virgin aggregates: light-coloured limestone aggregates, mainly 
composed of calcium carbonate, coming from the province of 
Ancona, Italy (Fig. 1a). 

• Recycled concrete aggregates: coming from the treatment and se-
lection of construction and demolition waste from the province of 
Bologna, Italy (Fig. 1b). 

In Table 1 are reported the volumetric and mechanical properties of 
the recycled concrete aggregates, hereafter named CDW aggregates, 
while the properties of the virgin aggregates are presented in Table 2. 

A loss of 20.3 % for LA of CDW aggregates was measured, which is in 

Fig. 1. (a) Virgin limestone aggregates and (b) CDW aggregates.  
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line with the LA value for natural aggregates generally required for 
surface layers and lower than the value traditionally linked to recycled 
aggregates, reported in different studies [25,28]. Looking at the con-
stituent materials, it is clear that the main component of the CDW ag-
gregates is Rc, corresponding to cement concrete. All the other 
volumetric and mechanical properties investigated are comparable with 
those found in various research [27,29]. As for the limestone aggregates, 
the values shown in Table 2 are in line with the requirements for ag-
gregates for surface layers. 

2.1.2. Binder 
The commercially available binder used in this study is an innovative 

transparent binder, manufactured by mixing polymers, resins, and oils. 
It is a polyolefin-based synthetic transparent binder, which is produced 
in chips form, that melts when it gets in contact with the hot aggregates 
in the drum mixer of a traditional asphalt production plant. Thanks to 
this property, the polyolefin-based binder does not need to be pre-heated 
before being added to the mix. Fig. 2 shows the shape of the chips at 
room temperature. For what concern the bituminous binder for the 
reference mixture, is a polymer-modified bitumen (PmB 45/80–70), 
specific for porous asphalt. 

Table 3 reports the mechanical properties of the binder. Due to 
confidential reasons, the chemical characteristics and the exact per-
centage of the constituents of the binder cannot be provided. It is worth 
mentioning that the test on the synthetic binder was developed 
following the European standard EN 12697–11, specific for bituminous 
binders, despite the adopted synthetic binder is completely bitumen 
free. As a consequence, from the results it is evident the differences 

between the synthetic binder and a traditional bitumen. 

2.2. Test method 

The experimental program was set up to evaluate the mechanical, 
physical, and functional proprieties of the mixtures to investigate the 
possible use of the polyolefin-based synthetic transparent binder and 
CDW aggregates for the production of low-impact porous pavements. 
The optimal dosage of bitumen and of the polyolefin-based synthetic 
transparent binder has been previously investigated in preliminary 
laboratory studies. Three different draining mixtures were produced. 
The materials and label of each mixture are listed below:  

• Mix1, for the mixture composed of the virgin aggregates and the 
polyolefin-based synthetic transparent binder;  

• Mix2, for the mixture composed of CDW aggregates and the 
polyolefin-based synthetic transparent binder;  

• Mix3, for the conventional draining mixture, composed of virgin 
aggregates and bitumen. 

For each mixture, the same tests were performed to compare the 
performances of the CDW aggregates and the innovative binder. The 
experimental program encompassed the following laboratory tests:  

• Granulometric distribution of virgin and recycled aggregates (EN 
933–1);  

• Preparation of samples using Shear Gyratory compactor (EN 
12697–31);  

• Air voids content (EN 12697–8);  
• Indirect tensile strength at 25 ◦C (EN 12697–23);  
• Indirect tensile strength ratio (EN 12697–12);  
• Indirect tensile stiffness modulus at 10 ◦C, 20 ◦C, and 30 ◦C (EN 

12697–26);  
• Particle loss of porous asphalt (EN 12697–17); 

Table 1 
Volumetric and mechanical properties of CDW aggregates.  

Properties Unit Standard CDW 

Apparent aggregates density g/cm3 EN 1097–6 2.563 
Resistance to fragmentation (LA)  

%  EN 1097–2  20.3 
Water absorption  

(WMA) 
%  

EN 1097–6  4.67 
Flakiness index %  

EN 933–3  2 
Shape index %  

EN 933–4 
4.7 

Rc* %  
EN 933–11 

88.9 

Ru* %  
EN 933–11  9.2 

Rb* %  
EN 933–11 

1.2 

Ra* %  
EN 933–11 

0.6 

Rg* % EN 933–11 0.0 
X* % EN 933–11 0.0  

* These are the constituent materials of the CDW aggregates: Rc = concrete, 
concrete products, mortar, concrete masonry units; Ru = unbound aggregate, 
natural stone, hydraulically bound aggregate; Rb = clay masonry units, calcium 
silicate masonry units, aerated non-floating concrete; Ra = bituminous mate-
rials; Rg = glass; X = other. 

Table 2 
Physical and mechanical properties of virgin limestone aggregates.  

Properties Unit Standard Limestone 

Apparent aggregates density g/cm3 EN 1097–6 2.674 
Resistance to fragmentation (LA)  

%  EN 1097–2 
21.5  

Resistance to polishing 
PSV  

EN 1097–8 
42 

Flakiness index %  
EN 933–3 

6 

Shape index %  
EN 933–4 

2.2  

Fig. 2. Polyolefin-based synthetic transparent binder.  

Table 3 
Characteristic of the polyolefin-based synthetic transparent binder.  

Properties Unit Standard Value 

Specific weight g/cm3 EN ISO 3838 0.850 
Viscosity at 160 ◦C Pa⋅s  

EN 13702  > 0.7 
Penetration at 25 ◦C 0.1 mm EN 1426  

55  

Softening point  ◦C 
EN 1427 > 75 

Ductility cm EN 13398 5 
Elastic recovery % EN 13590 n.m.  
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• Hamburg Wheel-Track testing of Compacted Hot Mix Asphalt 
(AASHTO T 324);  

• Vertical permeability (EN 12697–19);  
• Skid resistance (EN 13036–4). 

The optical and thermal properties of the mixture obtained with the 
polyolefin-based synthetic transparent binder were not further investi-
gated since they have already been measured in previous studies that 
evaluated the low impact of the proposed mixture in terms of UHI 
phenomenon [14,17]. The aforementioned tests were developed with 
the same binder and aggregates. 

3. Results and discussion 

3.1. Size distribution 

To determine the size particle distribution of the virgin and recycled 
aggregates a sieve analysis was performed in compliance with the Eu-
ropean standard EN 933–1. The grading distribution was designed 
considering some Italian technical specifications for porous asphalt. The 
aim was to maximize the use of CDW aggregates respecting the design 
gradation curve. After the characterization, it was possible to design the 
Mix2 using 50 % of CDW aggregates. The percentages of each aggregate 
adopted for the different mixtures are reported in Table 4. 

The gradation curves of the three different mixtures are reported in 
Fig. 3. 

The use of recycled concrete aggregates did not change the gradation 
curve. In fact, it was possible to obtain almost the same curve using the 
50 % of CDW. 

3.2. Samples preparation 

The mixtures were prepared using a laboratory mixer based on a 
standardized procedure. The aggregates were preheated at 180 ◦C for at 
least 4 h. The aggregates and the bitumen (5.4 % by aggregates weight) 
were mixed with limestone filler and cellulose fibres (0.3 % by 

aggregates weight) as a stabilizing agent. A total of 11 samples were 
compacted with a gyratory compactor following the EN 12697–31 
standard (50 gyrations) for each mixture. For the mixtures made with 
the polyolefin-based synthetic transparent binder, the compaction pro-
cedure adopted was the same. The optimum binder content was defined 
in a preliminary laboratory investigation, based on the volumetric (air 
voids content, workability) and mechanical (ITS) properties of three 
different mixtures produced with different dosages of the synthetic 
binder. 

During the mixing process, the binder was not pre-heated and melted 
before being added to the mix of hot aggregates. Fig. 4 shows the mix-
tures after compaction for the three different materials. 

3.3. Air voids content 

The air voids content (Va) of the bituminous specimen represents the 
volume of the air voids, concerning the total volume of the specimen. 
According to the EN 12697–8 standard, the Va is calculated as the ratio 
of the maximum density of the mixture, evaluated in compliance with 
EN 12697–5, to the bulk density of the specimen by dimension (EN 
12697–6). The value of the maximum density, the bulk density, and the 
air voids content are presented in Table 5. 

The designed open-graded gradations allow the achievement of high 
porosity in the final material. The EN 13108–7 standard, which defines 
the requirements for porous asphalt mixtures, considers an air voids 
content between 12 % and 32 %. It follows that the air voids of the 
samples compacted at the design gyrations fit the range classification 
suggested by the European standard. The high percentage of air voids 
detected in Mix2 is connected to the presence and shape of 50 % of CDW 
aggregates, which usually tend to absorb the binder. 

3.4. Indirect tensile strength results 

The purpose of this test was to evaluate the indirect tensile strength 
(ITS). It is the maximum tensile stress calculated based on the peak load 
applied to a specimen that is diametrically loaded until it breaks. This 
test gives an idea of the cohesion of the mixture and the static me-
chanical properties. Three specimens for each mixture were tested after 
conditioning for at least 4 h at 25 ◦C following the EN 12697–23 stan-
dard. The average ITS values are reported in Table 6. 

The ITS value of the mixture containing 50 % of recycled materials is 
higher than mixtures made with virgin aggregates. This demonstrates 
that the presence of CDW aggregates may result in higher ITS values due 
to the roughness of the surface of the aggregates, which increases the 
internal friction of the mixture [30]. Furthermore, it is evident how the 
polyolefin-based synthetic transparent binder confers to the mixture 

Fig. 3. Gradation limits for Mix1, Mix2 and Mix3.  

Table 4 
Percentage of each aggregate for Mix1, Mix2, and Mix3.  

Aggregates Unit Mix1 Mix2 Mix3 

CDW aggregates % 0 50 0 
Limestone gravel (12/16) % 33 20 33 
Limestone gravel (8/12) % 55 15 55 
Limestone gravel (4/8) % 7 10 7 
Filler % 5 5 5  
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higher mechanical performance compared to the conventional porous 
asphalt mixture made with bitumen. 

3.5. Indirect tensile strength ratio 

The water susceptibility of the mixture was evaluated in terms of 
ITSR. Thus, the ITS test has been performed on specimens being 
conditioned in water. Three samples for each mixture were soaked in a 
water bath at 40 ◦C for 72 h and then conditioned at 25 ◦C for at least 4 
h. The Indirect Tensile Strength Ratio (ITSR) has been calculated as a 
ratio of ITS in wet and dry conditions. The detailed procedure and 
calculation are reported in the reference standard EN 12697–12. The 
average results of the ITSdry, ITSwet and ITSR are reported in Table 7. 

In this case, the presence of 50 % RA within the mixture negatively 
affects its moisture susceptibility. This result might also be related to the 
higher presence of air voids in Mix2. As for Mix1, despite a higher 
reduction in ITS values after the conditioning in water if compared to the 
bituminous mixture, still shows the best cohesion properties. It is worth 
noting that the lower limit for ITSR in the Italian technical specification 
is 75 %. 

3.6. Indirect tensile stiffness modulus 

The ITSM test was performed to evaluate the stiffness of the wearing 
mixtures and thus their dynamic-mechanical behaviour. Three different 
temperatures were investigated (10 ◦C, 20 ◦C and 30 ◦C) following the 
EN 12697–26 standard. In Table 8 are reported the value of the stiffness 
modulus at the three different test temperatures. 

Comparing the mixture made with the polyolefin-based synthetic 
transparent binder and with the bitumen it is correct to state that the 
behaviours, in terms of stiffness response, are similar. The thermal 
susceptibility can be evaluated with the ITSM versus temperature curve 
described by the following equation: 

logS = − α • T + β 

S represent the indirect tensile stiffness modulus at the testing tem-
perature, then α and β are experimental parameters referring to the 
properties of materials. Precisely, α can represent the temperature sus-
ceptibility and a higher α parameter implies that the material is more 
susceptible to temperature changes. The ITSM versus temperature 
curves and corresponding equations are reported in Fig. 5. Mix1 appears 
to be stiffer. For what concerns Mix2, with 50 % of CDW aggregates, it is 
possible to see a slight decrease in the stiffness value with respect to 
Mix1. When focusing on Mix3, it is clear that is the less performing. 
Considering the ITSM values at different temperatures, the mixtures 
composed of the polyolefin binder have a slightly flatter trend if 
compared to the bituminous mixture. This suggests that Mix1 and Mix2 
are less thermo-sensitive than Mix3. 

3.7. Particle loss 

The scope of this test was to determine the particle loss (PL) of porous 
asphalt mixtures according to the European standard EN 12697–17. It 
was assessed by the loss of mass of samples after being turned into the 
Los Angeles machine. This test characterized the mixtures in terms of 
abrasion resistance. The average PL results are reported in Table 9 and 
demonstrate a higher resistance of the mixtures made with a polyolefin- 
based synthetic transparent binder with respect to the conventional one. 

Fig. 4. Specimen after compaction from Mix1 (a), Mix2 (b), and Mix3 (c).  

Table 5 
Volumetric properties of the mixtures.  

Mechanical values Unit Mix1 Mix2 Mix3 

Bulk density g/cm3 1.885 1.775 1.850 
Maximum density g/cm3 2.353 2.371 2.244 
avg. Va content % 18.9 (±0.87) 25.2 (±1.03) 17.6 (±0.51)  

Table 6 
Average results of the ITS for each mixture.  

Mechanical values Unit Mix1 Mix2 Mix3 

Max load daN 600 696 412 
Displacement mm 1.83 2.51 2.02 
Indirect tensile strength MPa 0.45 (±0.04) 0.52 (±0.04) 0.30 (±0.001)  

Table 7 
Average results of the ITSdry, ITSwet, and ITSR for each mixture.  

Mechanical values Unit Mix1 Mix2 Mix3 

ITSdry MPa 0.45 (±0.04) 0.52 (±0.04) 0.30 (±0.001) 
ITSwet MPa 0.38 (±0.006) 0.33 (±0.02) 0.31 (±0.02) 
ITSR % 84 63 102  

Table 8 
ITSM values for Mix1, Mix2, and Mix3.  

Mechanical values Unit Mix1 Mix2 Mix3 

ITSM @ 10 ◦C MPa 3436 (±312) 3233 (±234) 2985 (±150) 
ITSM @ 20 ◦C MPa 2341 (±204) 2225 (±130) 1807 (±30) 
ITSM @ 30 ◦C MPa 1348 (±8) 1359 (±71) 924 (±48)  
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This test suggests that Mix3 has less cohesion than Mix1 and Mix2. 
This result is also in line with the higher cohesion of the experimental 
mixtures measured during the ITS test. 

3.8. Hamburg wheel track test results 

The test measured the rutting and moisture susceptibility of a bitu-
minous specimen in accordance with the AASHTO T 324–11 standard. 
The specimens were submerged in a temperature-control water bath of 
50 ◦C. The steel wheel had a diameter of 203.2 mm and it is capable of 
applying a load equal to 705 ± 4.5 N. The specimens were subjected to 
52 ± 2 passes per minute with a maximum speed of approximately 
0.305 m/s, reaching the midpoint of the samples. The final measurement 
corresponded to the deformation caused by the wheel. The failure 
criteria considered the achievement of a 20 mm rut depth or 20,000 
passes. Fig. 6 reports the graph of the Hamburg wheel track test for each 
mixture. 

For a proper understanding of the value, the results of the test are 
reported based on the standard deviation. The Wheel tracker machine is 
set to stop when the standard deviation between the two samples 

exceeds 1 mm. From Fig. 6 it can be noticed that Mix3 reaches the lower 
rut depth and the higher number of passes. The better performance of 
Mix3 can be connected to the presence of bitumen. Mix2 has a different 
behaviour compared to Mix1 and Mix3 and it is due to the presence of 
CDW aggregates that have higher water sensitivity. Furthermore, Mix2 
has a higher porosity and so lower structural properties. 

3.9. Vertical permeability of the samples 

Through the vertical permeability test, it was possible to determine 
the interconnection level of the air voids in terms of permeability. This 
test allowed the evaluation of the direct parameter that represents the 
drainage performance of the asphalt mixtures. The vertical permeability 
test has been performed on 3 samples for each mixture. The vertical 
permeability was tested in compliance with the European standard EN 
12697–19, by measuring the vertical flow of water through the 

Fig. 5. ITSM measurements for each mixture at 10 ◦C, 20 ◦C, and 30 ◦C.  

Table 9 
Average particle loss of Mix1, Mix2 and Mix3.  

Mechanical values Unit Mix1 Mix2 Mix3 

Particle loss [%] 6.7 (±0.82) 5.7 (±0.89) 21.3 (±3.65)  

Fig. 6. Hamburg curve for Mix1 with Stripping Inflection Point.  

Table 10 
Average results of the vertical permeability of each mixture.  

Mechanical 
values 

Unit Mix1 Mix2 Mix3 

Air voids content Va 

[%] 
18.9 (±0.87) 25.2 (±1.03) 17.6 (±0.51) 

Mean Vertical 
Permeability 

Kv 

[m/ 
s] 

2.1 × 10− 3 

(±0.0004) 
2.5 × 10− 3 

(±0.0001) 
2.9 × 10− 3 

(±0.0002)  
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specimens. The average results of the vertical permeability of each 
mixture are reported in Table 10. 

Despite the lower air voids content, Mix3 has higher vertical 
permeability. Thus, the air voids in Mix3 are more interconnected than 
in the other two mixtures, allowing a better permeability. This could be 
linked to the different mastic generated by the polyolefin-based syn-
thetic transparent binder. Nonetheless, the European standard suggested 
typical values of the vertical permeability between 0,5 × 10− 3 and 3.5 ×
10− 3 m/s, and the experimental mixtures fall in this range. A small 
difference is recorded between Mix1 and Mix2 despite the considerably 
higher porosity of the latter one. 

3.10. Skid resistance test 

By determining the skid resistance of the three studied mixtures, it 
was possible to evaluate their surface performance and thus the friction 
response. The skid resistance has been measured using the British 
Pendulum tester, following the procedure suggested by the EN 13036–4 
standard. The surface characteristic was defined by a dimensionless 
parameter, PTV. The PTV results are reported in Table 11. 

Usually, PTV values range from 37, which indicates a bad micro- 
texture to 70–80 units for good friction properties [31]. According to 
some Italian technical specifications, PTV>50 represents a suitable 
value for new bituminous surfaces. The average results obtained for 
Mix1 and Mix2 lean around this minimum requirement showing 
adequate skid resistance. Mix3 has a higher PTV value due to the pres-
ence of a bituminous binder instead of the synthetic one. In Mix2 the 
lower PTV is mainly related to the use of CDW aggregates, which confers 
a different texture to the surface. Hence, the type of binder and the shape 
of aggregates are factors that play a key role in the friction response of 
wearing courses. 

4. Conclusions 

Due to local climate change, well-being and human health are cur-
rent concerns in modern cities. In the road sector, governments are 
promoting more advanced and sustainable technologies aimed to create 
a more pleasant environment. The construction of low-impact pave-
ments such as cool and recycled pavement is a solution for sustainable 
development, without compromising their safety and efficiency. The 
present study has been conducted to assess the properties of innovative 
materials that could be employed for producing low-impact porous 
wearing courses. A polyolefin-based synthetic transparent binder and 
recycled aggregates produced from construction and demolition waste 
were used and compared to a traditional bituminous porous asphalt. 
From the findings of the laboratory investigation, it is possible to 
delineate the following conclusions:  

• The use of CDW aggregates of a specific size, tends to increase the 
percentage of air voids in the mixture. It was possible to obtain a 
higher air voids content and a better vertical permeability. The use of 
the innovative polyolefin-based synthetic transparent binder does 
not result in any deterioration of the volumetric properties of the 
mixtures;  

• In terms of statical and mechanical performances it is possible to 
conclude that the mixtures with the polyolefin-based synthetic 
transparent binder have higher cohesion and stiffness if compared to 
the reference bituminous mixture. Furthermore, the substitution of 

virgin aggregates with CDW aggregates increases the mechanical 
properties of the porous asphalt, making the mixture less thermo- 
sensitive;  

• The polyolefin-based synthetic transparent binder worsens the water 
susceptibility of the asphalt concrete. As a consequence, the reduc-
tion of cohesion and rutting resistance is amplified in water condi-
tions. This phenomenon is further intensified when CDW aggregates 
are used as aggregates due to the higher porosity of the mixture and 
the higher water sensitivity of the recycled material. 

Future tests will evaluate the fatigue life of the different materials. 
All in all, based on these preliminary and promising results, the use of 
the polyolefin-based synthetic transparent binder can be considered a 
suitable and valid solution for the production of low-impact pavements 
for urban areas. However, the addition of CDW at high percentage needs 
to be optimized in order to limit the water damage behaviour of the 
mixture. 
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