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Abstract: Among the strategies for reducing greenhouse gas emissions, the use of recycled materials represents a
key lever; this practice not only reduces the consumption of natural resources but can also significantly contribute
to lowering CO, emissions. By using recycled materials, we largely avoid the industrial processes associated with
the extraction, processing, and production of new materials, which are among the main sources of greenhouse
gas emissions. At the national level in Italy, the new Ministerial Decree (DM) of August 5, 2024, aligns with the
regulatory framework by incorporating European directives on environmental sustainability. One of the key inno-
vations introduced is the establishment of guidelines requiring bituminous mixtures to contain a minimum per-
centage of reclaimed asphalt pavement (hereafter referred to as RAP), rather than a maximum percentage as was
previously the case. In this article common lItalian approach to the use of RAP will be described, starting from the
selection of RAP, its differentiation and storage; how to use it in production for optimal results, and which rejuve-
nators to use to restore the maltenic fraction of the oxidized RAP binder. In conclusion, to ensure that the addition
of RAP to the asphalt mix does not negatively affect the pavement’s lifespan, the most important quality control
tests will be presented, along with a table of the main technical specifications. Finally, as an example of how the
rejuvenator additives work, a case study will be presented in which a high-performance rejuvenator additive (ACF)
was used, allowing an increase in RAP content compared to current standards, while maintaining high physical
and mechanical properties.
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1. INTRODUCTION

The European Union outlined its circular economy — or
zero-waste — program over a decade ago. This program
targets all human productive activities, including indus-
try, construction, and services. The objective of achieving
a circular economy is part of the eight priority areas of
the European Green Deal [1]. Within the construction sec-
tor, pavements represent a significant opportunity for the
near-complete recovery of non-renewable resources, even
across multiple life cycles. RAP is particularly suitable
for reuse because it is free from hazardous substances,
widely available, and, when properly processed, enables
the production of new asphalt mixes with properties and
performance comparable to those of mixes made with vir-
gin materials.

In the transition toward sustainable road construction,
the use of RAP is a strategic solution to reducing envi-
ronmental impact. RAP decreases the demand for virgin
aggregates and bitumen, both of which are energy-inten-
sive to produce. By limiting raw material extraction and
refining processes, it significantly reduces CO, emissions.
In that sense, in this paper it will be shown a case study
where will demonstrate that adding mixtures with the re-
juvenator additives allows to increase the RAP content in
HMA without affecting the mechanical performance and
durability.

As discussed in the following sections, RAP can be re-
used in the production of both hot and cold mix asphalt, as
well as an additive aggregate in foundation and subgrade
mixes bound with cement and/or cold-recycled materials.
This article focuses specifically on the use of RAP in hot
mix asphalt (HMA), highlighting some of the best prac-
tices adopted in Italy to optimize the reuse process and to
maximize the mechanical and functional performance of
the resulting material.

2. THE REUSE OF RAP IN ITALY
AND THE EU

First, it is useful to outline RAP consumption figures in
Europe. An analysis conducted in 2021 by the European
Asphalt Pavement Association (EAPA) [2] provides data
on asphalt concrete production volumes in major Europe-
an countries and the corresponding percentages of RAP
used in hot mix asphalt production. The Table 1 summa-
rizes the findings of the 2021 EAPA survey.

Table 1. HMA volume produced and percentage RAP used —
2021 EAPA survey

Nation HMA produced [ton] | RAP reused in HMA [%)]
Czech Republic 6,700,000 15
France 35,900,000 77
Germany 38,000,000 85
Italy 37,600,000 60
Spain 18,900,000 61
UK 23,000,000 37

The Table 1 shows that Italy has an acceptable percentage
of RAP usage; however, there is still considerable room
for improvement. Increasing the percentage of recycled
material in hot mix asphalt production is highly desirable,
as it allows for significant savings in both aggregates and
bitumen.

The trend in the near future will likely be to further in-
crease reuse percentages, supported by a national reg-
ulatory framework that is currently being updated and
expanded, as will be discussed in the next chapter.

As mentioned in the introduction, the use of RAP is not
limited to hot mix asphalt production. To investigate the
different applications of RAP in Italy, the Italian associa-
tion SITEB (Strade ITaliane E Bitume) conducted a sur-
vey between 2019 and 2022 among the country’s main
asphalt producers [3].

The survey revealed that 39% of the companies surveyed
use RAP exclusively for hot mix asphalt production, 51%
also use it as a recycled aggregate in various types of mix-
tures, and 10% use it for cold mixes and cold recycling in
base and sub-base layers.

In summary, the SITEB survey provided a useful over-
view of RAP reuse in Italy.

3. APPROACHES TO THE USE OF RAP
IN ASPHALT MIXING PLANTS

3.1. CRUSHING AND STORAGE OF RAP

To fully harness the potential of RAP, it is essential to
implement optimized technologies and methodologies at
every stage of the production process, from its arrival at
the plant to the final mixing stage.

The first crucial step in RAP reuse is its crushing and
particle size classification. Crushing plants — equipped
with jaw crushers, impact crushers, or rotary mills — are
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designed to reduce the material to controlled dimensions.
This ensures greater homogeneity in the particle size dis-
tribution of the RAP, and consequently, in the asphalt
mixtures in which it is incorporated.

In Italy, two main size classes are typically distinguished:
fine RAP (approximately 0/8 mm) and coarse RAP (ap-
proximately 8/16 mm). However, the most advanced pro-
ducers also generate a third fraction, such as an extra-fine
0/4 mm size, which allows for better granulometric con-
trol and improved management of the RAP’s bitumen
content.

After crushing and screening, the material must be clas-
sified both environmentally and compositionally, in com-
pliance with the technical and environmental regulations.

RAP should also be selected based on its origin. For ex-
ample, if it derives from pavements made with modified
bitumen (Pmb), it is advisable to store it separately to pre-
serve and utilize its specific performance characteristics.

Proper storage is essential to maintain the quality of RAP
and to facilitate its use during asphalt production. Ideal-
ly, RAP should be stored in separate stockpiles, sorted by
particle size, origin (e.g., binder course, wearing course,
or porous asphalt), and type of bitumen. This enables
greater control over the materials introduced into the mix-
ing process.

Moreover, protection from environmental factors such
as rain, sunlight, and temperature fluctuations are vital
to prevent alterations in composition and workability.
Therefore, covering the stockpiles is recommended to
limit moisture absorption and oxidation of the residual
bituminous binder.

3.2. INTRODUCTION OF RAP
INTO ASPHALT MIXING PLANTS

The incorporation of RAP into asphalt mixtures can be
carried out using the two main types of plants: the asphalt
batch plant and the drum mix plant [4]. Since in Italy the
most widespread type is the asphalt batch plant, the dis-
cussion will focus on this latter option. The incorporation
of RAP in asphalt mixtures can be performed by means of
various methods. The main techniques are listed:

* Introduction into the dryer drum along with virgin ag-
gregates (“hot feed line™).

This technique involves feeding RAP into an interme-
diate section of the dryer drum, where it comes into

direct contact with virgin aggregates heated up to
300°C. Heat transfer occurs by conduction from the ag-
gregates to the RAP; however, the bitumen contained
in the RAP may undergo excessive thermal shock,
leading to degradation or loss of volatile components.
Moreover, direct contact with combustion gases and,
in some cases, with the burner flame poses a risk to the
integrity of the binder. Typically, this method allows
incorporation of RAP up to approximately 30-35% of
the total aggregate mass.

Direct introduction into the mixer (“cold feed line”).

In this configuration, RAP is added directly into the
mixer together with preheated virgin aggregates and
virgin bitumen. This ensures accurate dosing and good
control over the mixing process. However, to compen-
sate for the thermal inertia of the RAP, the virgin ag-
gregates must be superheated (up to 250°C), resulting
in higher energy consumption and potential thermal
degradation of both virgin and reclaimed bitumen. If
the RAP is not fully dry, problems such as vapor gen-
eration, sudden temperature drops, and overloading of
the exhaust system may occur. Typically, this method
supports RAP contents of approximately 15-20% of the
aggregate mass.

Mixed method hot/cold feed line.

This hybrid approach combines the two previously
described techniques: a portion of the RAP is fed into
the dryer drum (“hot feed line”), while the remainder
is introduced directly into the mixer (“cold feed line”).
This method allows a total RAP content of 40-50% (for
example, 30% hot feed and 20% cold feed). It offers
a balance between operational efficiency and mixture
performance, improving binder compatibility while
minimizing thermal degradation risks.

Introduction via dedicated RAP dryer (double drum
dryer).

This technology utilizes a separate drum specifical-
ly designed for the indirect and controlled heating of
RAP, independent of the virgin aggregate heating sys-
tem. The RAP is heated by convection using hot com-
bustion gases, reaching temperatures between 130°C
and 160°C sufficient to ensure proper blending without
significantly altering the properties of the aged binder.
This setup allows RAP percentages of 50-60%, while
maintaining good mechanical performance and reduc-
ing emissions.
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¢ Introduction via double barrel.

The double barrel consists of two concentric drum
chambers: the inner drum heats the virgin aggregates,
while the outer chamber is dedicated to RAP. This de-
sign enables separate heating of the two materials, pre-
venting direct exposure of the RAP to the burner flame
and allowing a more uniform and gradual temperature
increase. Hot gases pass through both chambers, trans-
ferring heat by convection. This configuration allows
RAP incorporation rates of 50-70%, optimizing ther-
mal efficiency and minimizing emissions of fumes and
volatile organic compounds (VOCs).

The choice of RAP integration method directly influences
the thermal profile of the mixture and the preservation of
binder properties. It is well established that excessive or
uncontrolled heating degrades the bitumen, causing vol-
atilization and loss of viscoelastic properties, ultimately
compromising asphalt performance.

Precise temperature control during the heating and mixing
stages is one of the most critical factors in RAP process-
ing. Studies have shown that reclaimed asphalt mixtures
should not be exposed to temperatures exceeding approx-
imately 200-220°C.

Conversely, if the RAP is introduced into the mixer with-
out adequate preheating, it tends to absorb heat from the
virgin aggregates, causing a drop in the overall mixture
temperature. This can hinder compaction and weaken the
bond between binder and aggregates, impairing mechani-
cal cohesion and long-term performance.

For these reasons, the most meticulous producers increas-
ingly adopt double-drum systems or double-barrel tech-
nologies, which enable gradual, indirect heating of the
RAP, preventing thermal shock and preserving the vol-
atile components and chemical-physical integrity of the
binder.

An additional strategic advantage of these technologies
lies in their ability to accommodate higher RAP percent-
ages — up to 60-70% in some cases — while significantly
reducing the need for virgin bitumen and natural aggre-
gates. This approach contributes substantially to resource
efficiency and enhances the environmental sustainability
of asphalt production processes.

4. REGULATORY FRAMEWORK
IN ITALY

4.1. ENVIRONMENTAL REGULATIONS

In this section, the Italian regulatory framework related
to the reuse of RAP is summarized. The framework is ex-
tensive and complex; therefore, only the main regulations
are outlined below.

The main environmental regulations basically are the
following:

» Legislative Decree 152/2006 [5].

Regulates waste management and the concept of
by-products. If the milled asphalt does not meet
End-of-Waste (EoW) requirements, it is classified as
non-hazardous special waste.

* Ministerial Decree of March 28, 2018, No. 69 [6].

Regulation establishing the criteria for the end-of-
-waste status of milled asphalt. Defines the conditions
under which RAP can be reused as a product and no
longer as waste.

The key requirements are as follows:

* must originate exclusively from road maintenance
processes,

* must be free of extraneous materials (soil, waste,
plastic),

* must comply with technical and environmental param-
eters (e.g., polycyclic aromatic hydrocarbons — PAHs
content),

* must be managed under a quality control system.

4.2. TECHNICAL STANDARDS: QUALITY
AND PERFORMANCE OF ASPHALT
MIXTURES

Among several technical standards, the main ones are the
following:

e UNIEN 13108-1 Bituminous mixtures — Part 1: Hot mix
Asphalt [7].

This European standard defines the performance spec-
ifications for asphalt mixtures, including provisions
for the incorporation of RAP. The maximum allowable
RAP content depends on the type of mixture and its
required performance characteristics (e.g., fatigue re-
sistance, rutting resistance, and adhesion properties).

* Ministerial Decree DM 05/08 2024 (CAM Strade) [8].



Roads and Bridges — Drogi i Mosty 25 (2026) 127 - 137 131

The Ministerial Decree DM 05/08/2024 establishes the
Minimum Environmental Criteria (it. Criteri Ambien-
tali Minimi — CAM) for the design, construction, main-
tenance, and upgrading of road works. Known as the
“CAM Strade” decree, it marks a significant shift in the
approach to RAP reuse in hot mix asphalt.

Before the enforcement of this decree, technical standards
only prescribed maximum RAP content limits in asphalt
mixtures. Under the new regulation, technical standards
are now required to prescribe a minimum RAP content,
thus promoting the circular use of reclaimed materials.
This change is expected to stimulate innovation among
producers and researchers, encouraging the development
of improved production processes and high-performance
additives for RAP recovery in hot mix asphalt.

4.3. OTHER TECHNICAL SPECIFICATIONS

In addition to these regulatory references, several techni-
cal specifications issued by major Italian road and highway
authorities (such as ANAS, ASPI, ASTM, etc.) must also
be considered throughout the entire pavement life cycle —
from the design stage to construction and maintenance.

5. LABORATORY VALIDATION
AND TECHNICAL SPECIFICATIONS

To validate the production process of hot mix asphalt
(HMA) containing RAP, it is necessary to meet the tech-
nical requirements established by designers and/or road
infrastructure management authorities. Since the incorpo-
ration of RAP generally increases mixture stiffness and
reduces workability, it is crucial to first evaluate key pa-
rameters such as:

¢ Indirect Tensile Strength /7S: used to characterize the
stiffness of the material.

* Void content in gyratory-compacted samples: used to
assess workability and volumetric characteristics.

As an example, in the Table 2, are listed the parameters and
the corresponding requirements typically prescribed for
wearing courses by the Italian highway authority ANAS [9].

As previously mentioned, mixtures containing RAP tend
to become stiffer and more difficult to compact. Therefore,
during the mix design phase, the dosage of the rejuvenator
additive must be carefully determined to maintain the /7S
within acceptable limits, while simultaneously improving
workability and, more broadly, enhancing the rheological
behaviour of the mixture.

Table 2. ANAS technical standards for wearing course mixture

Volumetric characteristics

Number of cycles Voids [%]

N1 10 11-15
N2 120 3-6
N3 210 >2

Note: compaction performed with gyratory compactor in accordance
with UNI EN 12697-31

Indirect Tensile Stregth /TS
Test temperature [°C] ITS [MPa]
25 0.72-1.40

Note: the test was performed on gyratory-compacted samples
at N3 (210 cycles) in accordance with UNI EN 12697-23

It should be noted that the parameters described above rep-
resent only the basic control criteria for hot mix asphalt.
Additional characterization tests are recommended — and,
in many cases, required — to obtain a more complete eval-
uation of the prepared mixtures. Examples include:

 fatigue test (UNI EN 12697-24),
« stiffness modulus testing (UNI EN 12697-26),
* rutting resistance testing (UNI EN 12697-22).

Other performance-related tests, depending on the func-
tional class of the pavement.

6. CASE STUDY
6.1. MIX DESIGN

The main results of a large research project will be briefly
presented. This project was carried out in collaboration
with the Research and Development Division of STS Mo-
bile Srl and ANAS SpA, focusing on the study of asphalt
mixtures with a high RAP content. The results, that will
be presented, are derived from the article authored by
Tattolo et al. [10].

The objective of the research project was to technological-
ly assess the maximization of RAP use in the production
of asphalt mixtures, while complying with the composi-
tional, volumetric, and mechanical performance require-
ments set out in the ANAS technical standards. Asphalt
mixtures containing RAP amounts according with the re-
quirements currently allowed by the Technical Standards
were therefore compared with mixtures produced with
higher RAP contents. In particular, the study focused on
asphalt mixtures for base layer, binder layer, and porous
asphalt wearing course.
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As shown in Fig. 1, the aggregate gradations of all mix- material but also engineered to be as consistent as possi-
tures corresp()nding to each layer were not on]y designed ble with one another despite the different RAP contents.
in accordance with the target grading envelope speci- The Table 3 illustrates the main compositional character-
fied by the ANAS Technical Standards for the respective istics of the mixtures.
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Fig. 1. Aggregate gradations of all mixtures for: a) base containing RAP, b) binder containing RAP, c) porous asphalt
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Table 3. Main compositional characteristics of the mixtures studied

Base layer Binder layer Porous asphalt
Parameter RAP content [%] RAP content [%] RAP content [%]
25 60 20 60 0 30
RAP bitumen by weight of mix [%] 1.52 2.34 0.90 2.87 0.00 0.92
Fresh bitumen added by weight of mix [%] 2.72 1.96 3.75 1.86 4.73 3.88
Bitumen TOT by weight of mix [%] 4.25 4.30 4.65 4.73 4.73 4.80
ACF by weight of RAP [%)] 0.19 0.14 0.14 0.19 - 0.14

Regarding the bituminous binder used in the study, two
types were considered: HARD Pmb modified bitumen
and conventional bitumen modified with plastomeric pol-
ymers for PmA. For the binder and base courses, both
binder types were considered and compared, while for the
porous wearing course only HARD Pmb modified bitu-
men was used.

In this context, the results concerning the effectiveness of
the two binder types will not be discussed; instead, the
focus will be on the results relevant to assessing the effec-
tiveness of the rejuvenator additive (ACF).

6.2. EXPERIMENTAL PROGRAM

A wide range of parameters was investigated during the
study; here, the focus will be placed on the most significant

15
M Base 25% RAP
M Base 60% RAP
| | - Binder 20% RAP
—. 10 M Binder 60% RAP
X
(2]
ke
o
g | B B ---------
5

N3
Gyratory compaction step acc. to ANAS requirements

N1 N2

Fig. 2. Air voids content of base and binder mixtures

Table 4. Air void content for each mixture

ones. First of all, the conformity of the mixtures with the
technical requirements of the ANAS technical standards
was assessed in terms of compaction and indirect tensile
strength.

The mixtures produced were compacted with a compac-
tion energy equal to N3, in accordance with the stand-
ards of reference, and the average air void content on
four specimens was determined for each mixture. The air
void content and the reference limits for each mixture are
shown in Figs 2-3 and Table 4.

The collected data confirmed compliance with the specifi-
cations and the consistency of the residual air voids of the
produced mixtures. The experimental results of the Indi-
rect Tensile Strength (according to UNI EN 12697-23) are
shown in the Table 5 and Fig. 4.

35
30
25
20
15
10

5

0

Porous asphalt
M Porous asphalt 30%

Voids [%]

N1 N2 N3
Gyratory compaction step acc. to ANAS requirements

Fig. 3. Air voids content of porous asphalt mixtures

Base layer Binder layer Porous asphalt
Parameter RAP content [%] RAP content [%] RAP content [%]
25 60 20 60 0 30
Air void content at N1 [%] 12.1 12.6 13.2 13.4 323 30.1
Standard deviation at N1 0.183 0.222 0.265 0.300 0.216 0.082
Air void content at N2 [%] 4.2 43 4.0 4.1 26.5 24.7
Standard deviation at N2 0.096 0.238 0.171 0.050 0.294 0.163
Air void content at N3 [%] 3.2 3.5 2.8 2.9 23.6 22.1
Standard deviation at N3 0.171 0.263 0.183 0.050 0.183 0.479
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Table 5. Indirect Tensile Strength ITS

Base layer Binder layer Porous asphalt
Parameter RAP content [%] RAP content [%] RAP content [%]
25 60 20 60 0 30
Indirect Tensile Strength /7S [MPa] 1.51 1.66 1.46 1.65 0.50 0.66
Standard deviation 0.024 0.027 0.030 0.025 0.024 0.026

ITS [MPa]

Base Binder
Type of mixture

Porous asphalt

[l Base 25% RAP M Base 60% RAP Binder 20% RAP
M Binder 60% RAP Porous asphalt M Porous asphalt 30%

Fig. 4. Indirect Tensile Strength ITS

The experimental results highlighted full compliance of
the Indirect Tensile Strength /7S values with the limits
imposed by the Technical Standards. From the results pre-
sented so far, it emerges that the use of the rejuvenator al-
lows the incorporation of large amounts of RAP in asphalt
mixtures while maintaining the physical and mechanical
properties of traditional mixtures or mixtures with lower
RAP content.

Subsequently, tests were carried out to determine the
Stiffness Modulus under Indirect Tensile configuration
(UNI EN 12697-26 Appendix C). These tests were per-
formed only on the bituminous mixtures intended for
binder and base layers, namely on the mixtures with
a more structural purpose. The tests were conducted at
two different temperatures (20°C and 40°C) in order to
provide a more comprehensive overview of the mechan-
ical properties of the material under investigation. The
results of the tests performed are shown in Table 6 and
Figs 5-6.

As shown in the table and graphs above, regarding
the bituminous mixtures for the binder layer, the in-
crease in RAP content resulted in a stiffness increase of

approximately 60%, regardless of the test temperature. In
contrast, for the mixtures intended for the base layer, the in-
crease in RAP content led to a stiffness increase of about 15%.

Table 6. Stiffness modulus of the tested bituminous mixtures
for binder and base layers

Base layer Binder layer
Parameter RAP content [%] | RAP content [%]
25 60 20 60
Stiffness modulus 1 ¢ 590 | 7265 | 3,780 | 6,198

at 20°C [MPa]
Standard deviation 197 248 174 150

Stiffness modulus
at 40°C [MPa]

Standard deviation 53 75 47 51

604 723 415 645

7000

20°C
6000 W 40°C

5000
4000
3000
2000
1000

0 — I
Binder 20% RAP Binder 60% RAP
Type of mixture
Fig. 5. Stiffness modulus for Binder mixture

Stiffness modulus [MPa]

8000
7000 b
6000
5000
4000
3000
2000
1000

Stiffness modulus [MPa]

Base 25% RAP
Type of mixture
Fig. 6. Stiffness modulus for Base mixture

Base 60% RAP
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The focus is now on the results obtained from the fa-
tigue resistance tests. Fatigue is one of the main causes
of strength loss in road pavements. It is caused by the re-
peated action of short-term loads occurring with each ve-
hicle passage. If the load is sufficiently high, each passage
causes a loss of stiffness that, accumulating over time,
leads to material failure [11-12].

In the present study, fatigue resistance was determined
using four-point bending (4PB) at a temperature of 20°C
and a loading frequency of 10 Hz. It should be noted that
these tests were carried out only on the structural pave-
ment layers (binder and base), excluding the porous as-
phalt wearing course.

Fatigue tests on the asphalt mixtures were performed
by applying the same stress level for the same mixture
to allow a direct comparison. The stress level, in terms
of vertical stress ov applied to the binder layer, was
o, = 830 kPa, while for the base layer it was 6 = 730 kPa.
Fatigue failure was considered reached when the number
of cycles N, corresponded to a 50% reduction of the
initial stiffness modulus. The results of the fatigue tests
conducted on the binder and base mixtures are illustrated

in the Table 7 and Figs 7-8.

The experimentation globally confirmed that the increase
in stiffness of the materials constituting the pavement lay-
ers proportionally resulted in a reduction of horizontal
stresses induced under the same loading conditions, lead-
ing to an increase in fatigue durability.

In conclusion, the presented study evaluated the increase
in RAP content in the production of asphalt mixtures,
introduced at percentages higher than those specified by
the ANAS technical standards. The experimental results
highlighted the compliance of the produced asphalt mix-
tures with the specifications and performance require-
ments in terms of gradation, indirect tensile strength, and
air void content (the workability and compaction of as-
phalt mixtures with high RAP content did not show par-
ticular issues).

Table 6. Stiffness modulus of the tested bituminous mixtures
for binder and base layers

Base layer Binder layer
Parameter RAP content [%] RAP content [%]
25 60 20 60

Ni 500, [Cycles] 4,500,000 | 6,200,000 | 50,000 | 240,000

Standard deviation | 96,569 59,726 5,930 32,082

300,000

250,000

200,000

150,000

Cycles N5,

100,000

50,000

Binder 20% RAP Binder 60% RAP
Type of mixture
Fig. 7. Fatigue test results for Binder mixture

7,000,000

6,000,000
5,000,000

4,000,000

Cycles N5,

3,000,000

2,000,000

1,000,000

0

Base 25% RAP Base 60% RAP

Type of mixture
Fig. 8. Fatigue test results for Base mixture

The increase in RAP content did not cause rheological
variations in the resulting binders across all investigat-
ed mixtures, confirming the contribution of the correct
dosage of rejuvenator additives (ACF), which effectively
compensated the rheology of the resulting binder. It can
be concluded that the appropriate dosage of rejuvenator
additives (ACF), allows the production of workable as-
phalt mixtures with rheological properties similar to the
reference mixtures with lower RAP content, while main-
taining excellent performance in terms of compaction and
durability.
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7.

In

3.

On the basis of the experimental data collected, it has
been demonstrated that an appropriate use of rejuve-
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CONCLUSIONS
conclusion, based on the analysis conducted in the arti-

cle, the following conclusions were drawn:

L.

R
(1]

(2]

(3]

(4]

(3]

(6]

The reuse of RAP in hot mix asphalt in Italy can be
considered satisfactory in terms of both the quantities
of RAP reused and the technical procedures adopt-
ed, although there remains considerable room for
improvement.

. In the near future, RAP recovery technology is ex-

pected to experience significant advancements, both in
plant engineering and in the development of chemical
additives specifically designed to enhance binder reju-
venation and mixture performance.
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Witoskie podejscie do wykorzystania destruktu asfaltowego jako surowca
wykorzystywanego w technologii wytwarzania mieszanek asfaltowych

Streszczenie: Wykorzystanie materiatow z recyklingu stanowi kluczowy element strategii redukcji emisji ga-
zOw cieplarnianych do atmosfery. Takie dziatanie nie tylko ogranicza zuzycie zasobdw naturalnych, lecz tak-
ze istotnie przyczynia sig¢ do zmniejszenia emisji CO,. Powtérne wykorzystanie materiatow pochodzacych
z recyklingu pozwala ograniczy¢ procesy przemystowe zwigzane z wydobyciem surowcow, ich przetwa-
rzaniem oraz produkcjg nowych materiatow, ktére nalezg do gtownych zrodet emisji gazow cieplarnianych.
W tym konteks$cie rozporzadzenie ministerialne (wt. Decreto Ministeriale — DM), wprowadzone we Witoszech
5 sierpnia 2024 r., wpisuje sie w proces implementacji europejskich regulacji dotyczgcych zrownowazonego
rozwoju srodowiskowego, wzmacniajgc krajowe ramy prawne w tym obszarze. Do najwazniejszych zmian
wprowadzonych tym aktem nalezy ustanowienie wymogu stosowania minimalnego udziatu destruktu asfal-
towego (RAP) w mieszankach asfaltowych. Rozwigzanie to zastepuje dotychczasowe podejscie regulacyjne,
oparte wytgcznie na okreslaniu maksymalnego dopuszczalnego poziomu jego wykorzystania. W artykule
opisano powszechnie stosowane we Wtoszech podejscie do zagospodarowania materiatu RAP, obejmujgce
jego sortowanie, klasyfikacje i magazynowanie, a takze sposob wykorzystania w procesie produkcyjnym
w celu uzyskania optymalnych rezultatow. Przedstawiono rowniez zasady doboru dodatkow regenerujg-
cych, stuzacych przywrdceniu rownowagi pomiedzy frakcjg maltenowg i asfaltenowg w lepiszczu zawar-
tym w RAP, ktore na skutek wieloletniej eksploatacji i starzenia ulegto procesowi utlenienia. Dodatkowo,
w celu zapewnienia trwatosci nawierzchni oraz potwierdzenia, ze dodatek RAP do mieszanki asfaltowej nie
wptynat negatywnie na jej wtasciwosci, zamieszczono najwazniejsze wyniki badan kontroli jakosci wraz
z zestawieniem gtownych wymagan specyfikacji technicznych w tym zakresie. Jako przyktad praktycznego
zastosowania dodatkow regenerujgcych omoéwiono studium przypadku wykorzystania wysokowydajnego
dodatku ACF. Zastosowanie tego srodka umozliwito zwiekszenie udziatu RAP w nowej mieszance asfaltowej
powyzej poziomow przewidzianych w obowigzujgcych normach, bez pogorszenia jej wtasciwosci fizycz-
nych i mechanicznych.

Stowa kluczowe: destrukt asfaltowy RAP, gazy cieplarniane, gospodarka o obiegu zamknietym, ponowne
wykorzystanie destruktu asfaltowego, dodatki regenerujgce do asfaltu.




