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Abstract
At the end of the lifecycle of porous European mixes (PEM) many issues arise, such as RAP (reclaimed asphalt pavement)
variability and potential for high percentage recycling.
The objectives and scopes of this paper were focused into the analysis of the feasibility of a two-layer porous asphalt (TLPA)
by recycling from-PEM RAP.
RAP variability was examined and a method for facing its consequences was proposed. Results are encouraging about the
possibility of achieving a satisfactory level of surface performance. Practical applications and perspectives in rehabilitation,
maintenance, and research are outlined.
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1. Introduction
The environmental sustainability of road constructions is of vital importance. In fact, natural resources
(aggregates etc.) decrease while Construction and Demolition wastes (C&D) increase.
The Italian classification of waste materials is named CER (EWC, European Waste Catalogue). This
classification refers to all waste materials and defines 20 categories with a number-code. Among them, the
groups number 01 and 17 relate to road constructions. In particular, the group 01 comprises waste materials
coming from the extraction of minerals (quarries products) while the group 17 includes all construction and
demolition solid wastes (C&D), including the ones from road construction (RAP = Reclaimed Asphalt
Pavement).
_________
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Their utilization has a great strategic importance because of their high availability and consequent reduction of
quarries exploitation.
Pavement recycling philosophy has sure advantages compared to conventional pavement construction and
rehabilitation [1-4]: reduction of the costs of new construction and rehabilitation projects, agreement with an
environmental sustainable development in terms of conservation of energy, mineral aggregates, and bitumen
binder and a reduction of the construction time delay.
Today recycling and regeneration of asphalt concretes, hot and cold technique, have a particular and increasing
importance. These techniques allow to produce asphalt concretes in which the aggregate components can be a
"mix" of RAP and virgin aggregates. The binding action is given by bituminous emulsion and Portland cement, in
cold recycling process, and by bituminous binders and rejuvenating agents, in hot recycling.
In the International literature, RAP materials are commonly used, both in cold and hot mix asphalt procedures.
Usually, scientific literature proposes recycling techniques that allow the production of dense asphalt concrete,
while few studies deal specifically with the recycling of open-graded friction courses or porous European Mixes
(PEMs). As is well known, these latter are open-graded surface courses with high void content (20% circa).
Two-layer porous asphalts, TLPAs, can be considered as the evolution of PEMs. They have a bottom layer
with a large aggregate size gradation and a top layer having a smaller aggregate size gradation. The top layer
keeps debris from clogging the lower layer. The bottom layer has a larger aggregate size gradation in order to
produce larger sized air voids.
It’s important to emphasize that PEM properties vary over the time; in fact, PEM may gradually lose
permeability due to dirt and debris particles filling voids.
There are two main methods of cleaning PEMs: (i) cleaning by a fire hose and (ii) cavitation of the water
through the use of special nozzles. Different studies suggest that cleaning techniques should begin while the layer
is still permeable. By starting while the layer is still permeable, regular maintenance should maintain
permeability of the layer for a longer time period, [5].
Although pavement recycling is a spreading technique, several concerns need to be well addressed when RAP
materials are used in new constructions, such as RAP variability and impact of RAP on traditional (bearing
properties, skid resistance) and premium (silentness, drainagebility) performance, [6].
[7-9] studied mechanical properties and functional performance of a two-layer porous asphalt derived from the
reclaimed asphalt pavement, used in a percentage of around 80%. They found that mechanical performance was
adequate, functional performance resulted very promising and also environmental compatibility was achieved.
It is noted that when the material comes from old porous asphalt layer there are some specific questions to
consider [10]: (i) the penetration of the binder in the old material can be very low and as a consequence there
could be problems regarding blending such a hard bitumen with the new binder; (ii) if a modified binder is used
in the old porous asphalt there could be compatibility issues about the use of the modified binder with the newly
added binder; (iii) it is important to consider the pollution related to the old porous asphalt which can consist of
an accumulation of organic as well as inorganic materials (such a heavy metal).
Among the factors which can affect RAP variability the following can be cited : (i) the inhomogeneity of the
bituminous mixture, in terms of gradation and binder content, due to construction, maintenance and repair
processes during the life-cycle (patches, chip seals, other maintenance treatments, geogrids or geotextiles); (ii) the
variability related to the milling process, to the stockpile, to the handling and the transportation.
In order to mitigate RAP variability, attention has to focus on road markings, coal tar and soil contained in the
RAP, and other sources of inhomogeneity such as crack seals and patches.
In contrast, in the case of low variability of RAP, it is possible to improve aggregate gradation, binder content
and stiffness, through an appropriate proportion of virgin material added, [11].
The quality of the recycled mixture can be easily controlled by using less than 25% RAP. On the other hand,
in recent years the percentages of RAP in hot and cold recycling and in production of new asphalt mixture is
increasing.
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As a consequence, when higher percentages are used, a thorough homogenization of the RAP is usually
required [12-13].
2. Aims and objectives
In the light of the abovementioned facts the authors of this paper are running the research project of Italian
national interest (PRIN 2008) “Drenante Da Drenante”.
The main goal of this research is confined to the recycling of Reclaimed Porous European Mixes back into
new porous pavements, such as PEMs and TLPAs.
Attention is focused on the maximization of RAP percentage through RAP pre-processing, by operating on
asphalt binder (processes included), and, in particular, by adjusting the mix of the new bitumen, the old one
(polymer modified) and the reclaiming agent.
The following targets were stated in the original project, see Figure 1:
assessing a better knowledge of the role of reclaiming agent in recycling processes of porous asphalt on the
basis of the true mechanical performance of the obtained final product;
assessing a better knowledge of mixing temperature & time role;
assessing a better knowledge on surface and hydraulic properties of the recycled porous asphalt.

Fig. 1. Objectives and scopes of 2008 PRIN project “Drenante da Drenante”

This paper focuses on the feasibility of a two-layer porous asphalt (TLPA) in addition to a waterproofinglayer by recycling RAP- from-PEM. RAP variability is examined and a method for facing its consequences is
proposed.
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3. Experiments and results
3.1. Experimental Plan
In order to investigate on the feasibility of a two-layer porous asphalt (TLPA) in addition to a waterproofinglayer by recycling RAP-from-PEM, the experimental plan shown in Figure 2 was designed and carried out.
The main phases of experiments were:
the analysis of RAP variability in terms of gradation before and after binder extraction;
the production of 9 recycled mixes (3 Top layers + 3 Bottom layers + 3 Gussasphalt layers);
the analysis of the properties of the recycled mixes.
It is noted that another phase was scheduled, which will deal with the design of a new double layer (Mix M4)
characterized from a porous asphalt layer (Top layer) and a binder course (Bottom layer) by recycling RAP-fromPEM, see Figure 2.
1st Pile
Gradation
Asphalt binder content
Aggregate gradation

Mix M1

Mix M2

T1 [Top layer]

T2 [Top layer]

+
B1 [Bottom layer]

+

+
G1 [Gussasphalt layer]

B2 [Bottom layer]

Double layer
porous asphalt

Recycling Process

RAP variability

2nd Pile

+
G2 [Gussasphalt layer]

Mix M3

Mix M4

T3 [Top layer]

T4 [Single layer
Porous Asphalt]

+
B3 [Bottom layer]

+

+
G3 [Gussasphalt layer]

NBC [New Binder
Course]

Marshall Samples

Volumetric, permeability and
mechanical tests

Gmbdim
Gmbpar

Bulk specific gravity

Gmbcor
GmbSSD

Effective porosity
Permeability
Marshall stability
Brazilian test

Fig. 2. Experimental plan. Legend. Gmb: bulk specific gravity. FILM = Parafilm method (ASTM D 1188); COR = Vacuum
sealing method (ASTM D6752/ AASHTO T 331); SSD = Saturated Surface Dry method (AASHTO T 166/ ASTM D 2726 /EN
12697-6:2003)
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3.2. Rap Gradation and composition
Two RAP piles were analyzed in terms of gradation before and after carrying out the tests for binder
extraction and asphalt binder content (according to standards UNI EN 933–1 and UNI EN 12697-1).
Although the reclaimed material was derived from the cold milling of the same porous asphalt pavement, RAP
management practices and its intrinsic heterogeneity determined RAP variability (see Figs 3-7).
Figure 3 compares the RAP gradations (before and after binder extraction) with the SHRP Specifications for a
19 mm-Nominal Maximum Aggregate Size (NMAS, one sieve size larger than the first sieve to retain more than
10 percent). The 0.45 power gradation chart is used. Maximum density gradation (dotted straight line from the
maximum aggregate size through the origin), control points (master ranges through which dense-graded
gradations must pass), and restricted zone (RZ, band through which gradations should not pass) are shown. Note
that many authors do not agree with RZ inclusion in Superpave and that gradation control points and the
restricted zone apply to dense-graded mixtures and not to porous asphalt concretes.
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Fig. 3. RAP gradations before and after binder extraction (19 mm-NMAS)

Figure 4 refers to RAP variability before binder extraction. The difference (ΔP) in percentage passing the
given sieve is reported as a function of the sieve opening (d, mm). ΔP values were calculated by subtracting the
percentages of RAP passing each sieve for the second RAP pile from the percentages passing the same sieves for
the first RAP pile.
Note that ΔP values ranged from 0% (31mm-sieve) to 27 % (8mm-sieve).
The reclaimed material was separated into several fractions before mixing.
Figure 5 illustrates the variability of percent content, %W (w/w), of different RAP fractions in the two
abovementioned cases (1st and 2nd pile).
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Fig. 4. RAP variability: difference of percent passing

Fig. 5. RAP variability: percent content of fractions

ΔP variability was also analyzed in terms of percentage of recovered asphalt binder for the different RAP
fractions in the two examined cases (Figs 6 and 7).
Pb or Pm indicate the asphalt binder content by weight of aggregate or mix, respectively.

Fig. 6. RAP variability: asphalt binder content by weight of aggregate

Fig. 7. RAP variability: asphalt binder content by weight of mix

3.3. Recycling Process
Figure 8 illustrates the RAP percentages used in recycling. Overall, around the 97% of RAP from PEM was
used in each trial. Mixes were compacted at a temperature of 170°C. Rejuvenating agents were added to the mix
in order to improve recovered binder performance, [14]. As it is possible to see in the graphs of figure 8, the
amount of RAP used in the production of the three mixes (M1, M2 and M3) is higher than 95%. Very few
percentages of recycled material were not used. This is consistent with the main objective of the project PRIN
2008 “Drenante Da Drenante” that consists in the possibility of recycling the maximum amount RAP-from-PEM
with the lowest environmental impact (for example, due to the use of virgin aggregate).
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Fig. 8. RAP percentages

Figures 9 to 11 show the gradations of the recycled mixes.
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Fig. 9. Recycled mixes gradations – Top Layer (12.5 mm-NMAS)

Fig. 10. Recycled mixes gradations – Bottom layer (19 mmNMAS)
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Fig.11. Recycled mixes gradations – Gussasphalt (9.5 mm-NMAS)
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3.4. Functional and mechanical performance
The functional performance of recycled mixes was analyzed in terms of volumetrics and permeability (ASTM
PS 129), [15-16].
For the mixes produced with the first pile of RAP, the air void content of the bottom layer ranged from about
10% (mix M1) to 19% (mix M2), see figure 10. The air void content for the bottom layer produced in the third
trial reached an higher value (21%).
Top layers resulted satisfactory in each trial: the air void content was quite high (around 22%) for T1 mix and
it resulted acceptable also in the second and third trial in which it was close to 16%.
Gussasphalt layers resulted in an air void content always lower than 3%.
As for permeability, in the second trial the bottom layer showed a higher permeability in comparison with the
first trial in which the permeability was quite negligible, see figure 12. Note that the mix M1-TOP in Figure 12
corresponds to the gradation T1 shown in Figure 9, while M1-BOTTOM in Fig.12 corresponds to B1 in Fig.10,
where an excess of aggregates in the size range 2/6 mm was observed.
Furthermore, in Figure 12, two types of threshold were reported: i) minimum permeability for Open-Graded
Friction Courses, [17-18]; ii) maximum permeability for dense mixes, [19].

(Westerman,
1998)

Fig. 12. Permeability of recycled mixes (ASTM PS 129)

As it is possible to observe in figure 12, the values of permeability of several TOP and BOTTOM mixes are
close to the thresholds. However, these results seem to be quite satisfactory since the main “boundary condition”
for the production of the recycled mixes was the use of around 100% of RAP-from-PEM. Moreover, the study
conducted by Westerman [18] shows that asphalt mixes characterized by a permeability rate varying in the range
10-1-10-4 cm/sec (mean value of 0.03cm/sec) can be classified as “high permeability” mixes. According to this
classification, as it is possible to see in figure 12, both the top and the bottom layer permeability results adequate.
The mechanical properties of the recycled mixes were examined in terms of Marshall stability (UNI EN 1269734) and Brazilian test (UNI EN 12697-23). Figures 13 and 14 refer to mechanical performance and show the
thresholds (dotted lines) according to the Italian standard specification for Top and Bottom layers, [20]. For the
mixes under examination the Marshall stability resulted satisfactory.
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Fig. 13. Mechanical performance: Marshall stability

Tensile Strength (N/mm2)

Marshall Stability (KN)

30,0
30
0

MIX M2

MIX M3

Minimum and Maximum values for Top

2,4
2,1
1,8
1,5
1,2
0,9
0,6
0,3
0,0

and Bottom Layers

TOP

BOTTOM

GUSSASPHALT

Fig. 14. Mechanical performance: Tensile Strength

4. Conclusions
Many issues can arise for PEMs at the end of their lifecycle: RAP variability, uncertainties on the potential for
high percentage recycling, issues pertaining the potential for recycling a surface layer back to a surface layer.
Based on the abovementioned facts, objectives and scopes were then focused into the analysis of the
feasibility of a two-layer porous asphalt (TLPA) by recycling from-PEM RAP, when highly variable rap
stockpiles are involved.
This project was run under the auspices of the research project of national interest, PRIN 2008, Research
Project “Drenante da Drenante”.
The following main issues were addressed: preserving traditional (bearing properties, skid resistance) and
premium (silentness, drainagebility) performance; recycling high percentages of from-PEM RAP. Materials
selection was followed by mixtures production. Traditional and advanced tests on RAP and recycled mixes were
carried out.
RAP variability was examined and a method for facing its consequences was proposed. Mechanical
performance was adequate and environmental compatibility was achieved. Functional performance resulted very
promising. The aggregate gradation of the bottom layer in the size range 2/6 mm resulted very relevant. Results
are encouraging about the possibility of achieving a satisfactory level of surface performance.
Practical applications and perspectives in rehabilitation, maintenance, and research were outlined.
Future research will aim at gaining a better understanding of the investigated relationships.
Outcomes of this study are expected to benefit both practitioners and researchers.
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