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THE RAP CHALLENGE

9 ENGINEERING HIGH RAP

PERFORMANCE & SUSTAINABILITY

FROM THEORY TO PRACTICE
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History - Some important dates
A LONG TRACK RECORD OF SUCCESS

1915

Today

\f >
Asphalt pavement It did not become a common The paving industry reacted by Many practices first developed
recycling dates back practice until the early 1970s, developing recycling during this period are still in
to 1915 when asphalt binder prices technologies to reduce the use today and have become a
(Kandhal & Mallick, 1977) skyrocketed as a result of the demand for asphalt binder and routine part of pavement
Arab oil embargo in 1973 the cost of asphalt mixtures construction and rehabilitation
operations

Milled material from asphalt pavement is known as
;. RAP (Reclaimed Asphalt pavement)
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Reclaimed Asphalt production in Europe today
FROM YESTERDAY’S ROADS TO TOMORROW’S SOLUTIONS
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Austria 2.200.000 | nodata |nodata [ nodata |nodata |nodata | no data |no data |no data 50 45 5*
Belgium 2.000.000* 1 1.350.000 | no data | no data | no data | no data [ no data | no data |no data 65 30 5
Croatia 320.000* | 300.000*% 27 0 0 15 45 0 13 27 60 13
CzechRep |2.900.000 ' 2500000 | 30 |nodata| 25 |nmodata| 10 5 30 55 15 30 LAN D FI I.I.
Denmark  |1.374.000*% | 1.174.000 |no data | no data |no data | no data 2 no data |no data 7 3 no data
Estonia no data 28.974 no data | no data |no data | no data | no data |no data [no data 100 0 0
France 2.529.600 18.200.000 76 no data 5 5 no data |no data |no data 86 14 0 &
Germany  |14.100.000 12.900.000| &7 4 0 0 8 0 1 91 8 1
Great Britain| 5.2560.000 | nodata [nodata [nodata [no data [no data | no data |nodata |no data 100%** 0
Hungary 214333 | 310734 96 0 0 0 3 1 0 95 4 1
Ireland 600.000* | &00.000* 70* |nodata |nodata [nodata | nodata |nodata |no data 65* 20* 15*
Italy 17.000.000 ' 10.400.000 | no data | no data | no data |nodata | no data |no data |no data| [nodata | nodata | nodata
Norway 1.642.000 [1.039.000 | &3 0 0 0 30 |nodata| 0 63 37 0
Slovenia 450.000* || 145.000 45 0 11 0 15 14 15 56 29 15
Spain 2.750.000 ' 2.350.000 | 72 0 5 0 22 1 1 78 21 1
. * * * of % 0f % aj * * Bo* B* &% s
Switzerland |1.650.000 no data ik <1% <1% <1% <2% <3% [} Source: EATA — «Asphalt in figures», 2024
Turkiye 2.214.400 | 1.993.000 1 0 0 D 99 0 0 1 99 0
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Reclaimed Asphalt production in Europe today
ESTERDAY’S ROADS TO TOMORROW'’S SOLUTIONS

“Reclaimed Asphalt RAP”
=~ 17 Mt/year only in Italy*

WASTE

LANDFILL
&0

*Siteb, 2026 and EATA — «Asphalt in figures»,2024
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Reclaimed Asphalt for Sustainable Infrastructures
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What if Reclaimed Asphalt is not waste, but a resource?

ECYCLING

Cold Unbound and
Recycling hydraulically
Mixtures Hot bound materials
Recycling
Mixtures
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The challenge we all know: SUSTAINABILITY vs PERFORMANCE

MORE RAP BRINGS CLEAR SUSTAINABILITY BENEFITS — BUT TIGHTER PERFORMANCE MARGINS

SUSTAINABILITY PERFORMANCE

Less virgin materials Aged binder / stiffness

\

Less Waste Variability
Resource efficiency - Narrower design margins
Circularity

< &

ENGINEERING CONTROL
Characterisation « Mix design « Additives ¢ Process control « Technologies

The real objective is not to maximize RAP content in itself, but to deliver reliable performance with
higher recycled content
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Why this matters now
MULTIPLE DRIVERS, A CLEAR DIRECTION

RESOURCE CLIMATE & PROCUREMENT PERFORMANCE
EFFICIENCY CIRCULAR ECONOMY REALITY EXPECTATIONS
Sustainability targets Public agencies .
Less virgin binder and and regulatory increasingly ask for ’ Ui?rs il expetct .
raw materials pressures are measurable ur_at © pa\t/eénen an
increasing environmental value Uininisrblarsel seiis

J

Recycling is becoming a strategic requirement

Higher recycled content must now deliver environmental value without compromising pavement performance

O INCREASING DEMAND | THE KEY QUESTION ZHE EIY'DE':%% P
: ver the pas ears, mixtures,
Environmental targets, procurement > How far can we go without when properly enéineered produced
policies and market pressures are 2
|

SR L e e compromising performance? and constructed, have provided
PUSIEROWAICHIE yeine : comparable levels of service to virgin
mixtures.
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A changing landscape
NEW DRIVERS, HIGHER AMBITIONS, GREATER COMPLEXITY

@ D © @

Increasing Stricter Performance New technologies
RAP contents environmental policies expectations entering the field
(e.g. Minimum Environmental Criteria) must remain unchanged
Higher recycled content Sustainability targets and Durability, safety and Advanced binders, additives
is becoming the new normal. regulatory requirements service continuity and recycling processes
are becoming more demanding. are still essential. offer new opportunities.

" PUSH TOWARD 0 SAME OR BETTER
MORE RECYCLING q h ( /) PERFORMANCE
’. " Driven by environmental targets, ENG!NEERIN(? O Road authorities and users do not
regulations and market expectations. Reconcile sustainability accept a shorter service life.
and performance.

| The purpose of engineering is precisely to reconcile these two requirements.
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The 35% RAP content comfortable threshold
AN ENGINEERING REFERENCE POINT, NOT A UNIVERSAL LIMIT

T . High RAP applications
Virgin mix ~ Relatively ~35 % Increasing influence of RAP (40% and beyond)
P straightforward recycling I on mixture behaviour _—

l 100% RAP

—~ 0,
BELOW ~35% ABOVES35% .
; : RAP becomes one of the dominant
Conventional practice, o CorBOnGhts
conventional technologies 3 5 /o mpone
Q RAP generally acts as a secondary fraction COMFORTABLE 0 Greater .lnflfJence oamixiyreibehaviour
0 Mixture behaviour less affected THRESHOLD 0 WIBhERISK IkNOWRIOpERy managed
) ) ) Need for a higher level of investigation:
Q Conventional design and testing approaches : ° characterisation, mix design, processing, additives
often adequate I and performance testing
!
NOT A UNIVERSAL LIMIT USEFUL ANALOGIES THE TAKE-AWAY

Around one-third is a relevant fraction At a certain point, RAP is no longer
in several civil engineering contexts just an addition. It becomes a key
(e.g. soil classification, laboratory component, and our level of

procedures). investigation must change.

International practice shows successful
applications with 30%, 40% and even
higher RAP contents.

() | The 35% threshold is not a limit, but a to guide a more robust engineering approach
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The 35% RAP content comfortable threshold
AN ENGINEERING REFERENCE POINT, NOT A UNIVERSAL LIMIT

3rd International Conference on Asphalt Recycling Technologies | ART2026

THE TAKE-AWAY prospetio 1 Caratteristiche del cumulo di conglomerato bituminoso di recupero in base all'impiego
4 i y CARATTERISTICHE DEL CUMULO IMPIEGH! DEL CONGLOMERATO BITUMINDSO DI RECUPERD
At a certain point, RAP is no longer LAVORATO NON LAVORATO
just an addition. It becomes a key {granulato) (tal quale)
Component' and our Ievel of CB a caldo (sare UNI EN 13108) CB a fraddo
k : : e i . n [ — ! i _—
. RIEERIMENT! RA<10%: | 10%6<RA<50% | RA250% S fondazione | base-bindar N e
investigation must change CARATTERISTICA ety wswa) | (us) | putogh fegai & non egat) | oy
RAS2D% | 20%<RA<50% | strat) {UNI EN 13242)
{base bindar} | {base binder)
Designazionadel | Distribuzione granulometrica UNI EN 833-1 sl 8l 5! 5l Sl Sl sl
conglomerato di recUpert | Designazione granulometrica UNI EN 131088 5l 5 S 3l S| 5l 8l
Ca | X
Compasizione del - Fﬁcnlj.‘fo agants - UMI EN 12697-1 Sl Sl &l Sl Sl Sl Sl
canalomerato di o | Dimensione massima (Uy,) | UNIEN 12697-2,
q Tecupe | UNIEN 13043 Sl 8l Sl 3l Sl Sl Sl
I I . Tipo di legante Evidenze documentali || 8I 8l | sl sl sl sl
U N IITS 1 1 688 . 201 7 Legante Progrieta lagante UMIEN 1426
“ R . . . . . . (Penatrazione - rammolimento [ Viscosita) UMI EN 1427 nr Sl Sl nr nr nr nr
Criteri di qualificazione e impiego del | UNIEN 13302
. . . Granulometria UMI EN 12687-2 5l 3l S1 Sl Sl Bl =l
Conglomerato bltu mMINoSO dl recu pero Resistenza frammentazione (LA) UNIEN 1087-2 nr nr sl nr | nr nr
proveviente dalla rimozione delle Aggegaio | Forma e pptment N EREEE B . "
4
. . . . -
pavimentazioni esistenti Fesstenza levigazione (VL) - o
(solo per strati superficiali di usura) i nr nr i i o L
) Materiali Gruppo 1
Materie estranee - UNI EN 12607-42 Sl | 8l 51 | sl sl
" . . . i | Materiali Gruppo 2
Criteria for the qualification and use of Contersio G egants - s s [ w s o -
. Omogenedts cumulo -
Reclaimed Asphalt Pavement (RAP) ananita o scarto) | Oatensiche del legante nr i s | s = -
. T Distribuzione granulometrica 3l Sl
obtained from existing pavement — 2 - i - )
remo Va/” g] | requisiti e_\.'iden_zia'.l in grassetlo sono richiesti secondo la norma UNI EN 13108-8,
) Da det fase di progett
0 Py HMA
nr= Requisito ran richiesto
na=  Requisito non applicabile
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So how far can we really go with RAP?
HIGHER RAP IS POSSIBLE — BUT IT REQUIRES ADIFFERENT APPROACH

HIGH RAP

CAN WORK
WITH PROPER
ENGINEERING

~ INCREASING COMPLEX

NOT
“How much RAP can | put
into this existing recipe?”

BETTER > TIGHTER > ADVANCED > DIFFERENT BUT
KNOWLEDGE CONTROL ENGINEERING MINDSET “How should | engineer this
Detailed Production, Mix design, additives, High RAP is a different mixture to achieve the required
characterisation processing and binder strategies, engineering problem, performance with the highest
of RAP (variability, quality control plant technology not just “the same mix technically and economically
aging, contamination) with more RAP” reasonable RAP content?”

/ There is only a

Balancing Sustainability and Performance in High-RAP Asphalt Mixtures — A. Marradi, Universita degli Studi di Firenze| 13
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No limits with the right steps
HIGHER RAP CONTENT STARTS LONG BEFOR MIX DESIGN

Remove wearing
courses separately

when possible.

Produce a
high-quality
reclaimed material.

Separate
fractions to improve
homogeneity and

Remove undesired
materials.
Ensure consistent

(

Store stockpiles
preferably under
cover.

~\

Blend to
reduce variability
— increasingly

(HIGH-QUALITY RAFD

RAP AS A NEW
RAW MATERIAL

Balancing Sustainability and Performance in High-RAP Asphalt Mixtures — A. Marradi, Universita degli Studi di Firenze |

control grading and quality. Control moisture. essential at
binder distribution. higher RAP contents.
& J\. ) \& i & J
AT LOW RAP CONTENTS, AT HIGH RAP CONTENTS, THE HIGHER THE RAP PERCENTAGE,
variability can sometimes be absorbed that safety margin progressively the more RAP quality becomes
by the virgin components. disappears. mixture quality.
" | Invest in to unlock tomorrow

14
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To push RAP higher, technology production must evolve
HIGHER RECYCLING REQUIRE MORE THAN CONVENTIONAL SOLUTIONS

Performance Sustainability Profitability

Balancing Sustainability and Performance in High-RAP Asphalt Mixtures — A. Marradi, Universita degli Studi di Firenze| 15
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The central role of mix design and production plants
FROM LABORATORY DESIGN TO CONSISTENT, EFFICIENT AND SUSTAINABLE PRODUCTION

HEATING 1] ll

Efficient and controlled HIGHER RAP
RAP heating without MADE
excessive temperatures POSSIBLE

Optimise mixture
formulation for high RAP

Consider aged binder

properties
: MIXING TIME
Select appropriate b | ’ .
dditi dc | Adequate interaction
additives and rejuvenators VIRGIN between components
A while maintaining

Define performance targets plant productivity

o g I (N PLANT TECHNOLOGY

PRODUCTION PLANTS P < SR Double drums, dedicated
&5 4 A N | P RAP heating systems,

hot storage and other
solutions

Ensure effective RAP heating

Provide adequate
mixing time
Use suitable plant technology

(e.g. double drum, dedicated
RAP heating, hot storage)

Control temperature,
emissions, energy
consumption and productivity

SUSTAINABILITY

Lower emissions,
reduced energy

consumption, consistent
quality

PLANT TECHNOLOGY A SOLUTION THAT WORKS ONLY CONSISTENT,
O AND MIXTURE TECHNOLOGY IN THE LABORATORY EFFICIENT AND SUSTAINABLE
MUST ALSO BE MANUFACTURABLE PRODUCTION CAN HELP US
MUST BE CONSIDERED TOGETHER.
% AT INDUSTRIAL SCALE. GO BEYOND RAP THRESHOLDS.

Balancing Sustainability and Performance in High-RAP Asphalt Mixtures — A. Marradi, Universita degli Studi di Firenze| 16

O AQ3Le) A3




Eﬁ e TWWNTH | 3rd Interational Conference on Asphalt Recycling Technologies | ART2026

StraBenwesen

Additives and Rejuvenators
BALANCING PROPERTIES FOR HIGH-RAP PERFORMANCE

HIGH-PERFORMANCE
E HIGH-RAP MIXTURE
NANOTECHNOLOGY- T OGS,
BASED SOLUTIONS :

‘ RESTORED .

PERFORMANCE

RAP
AGED BINDER
AND AGGREGATES

ENGINEERED
CHEMICAL
ADDITIVES

BIO-BASED
PRODUCTS

CONVé;J,TIONAL
REJUVENATORS
TARGETED ‘

INTERVENTION

\

/ THE RIGHT QUESTION N
“Which intervention restores the
balance of properties required automatically solves the RAP problem
by this SpeCiﬁC mixture, with this ) Excessive Softening that may
specific RAP, for this specific application?” create new issues

J & A 4

AVOID
® Theidea that an additive

CONSIDER

® Dosage and compatibility
® Long-term effectiveness
® Balance of mixture properties

Balancing Sustainability and Performance in High-RAP Asphalt Mixtures — A. Marradi, Universita degli Studi di Firenze| 17
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Sustainability: benefits and realities
HIGHER RAP BRINGS OPPORTUINITES — BUT IS NOT A FREE LUNCH

Environmental benefits
THE OBVIOUS DRIVER

Reduced demand H l G H E R
for virgin aggregates R AP

Reduced demand I { ¢ teridlo
fOl’ virgin binder ¢ \ GREATER O raw-materiat price pressure
OPPORTUNITIES,

N Less waste generation and N el O fidded coets
ok 4
(o]

Economic aspects
NOT AUTOMATICALLY LOWER COST

Potential savings

e Lower consumption of virgin aggregates
e Lower demand for virgin binder

* Potentially stronger resilience

COMPLEXITY. e
better resource circularity G LTI
Potential life-cycle benefits

_ Polymers
o Vg
when durability is maintained / ;,5,9« \

Tighter QA/QC
Plant and process adjustments

Engineered additives
G S

What users value What good performance What poor durability
Social sustainability delivers causes
Bﬂ% PAVEMENTS SERVE PEOPLE, NOT ONLY SPECIFICATIONS * Reliable travel * Longer service life * More closures
> Safet_y : ¢ Fewer maintenance operations e User delay costs
* Predictable service e Fewer work zones * Safety exposure
o Fewer delays . .

Lower user disruption Lower public confidence

A critical nuance

Environmental (and economic) gains are not automatic. They depend on the full system: RAP processing, haul distances, plant operations, additives, and
especially service life. A recycled mixture that fails early may lose a substantial part of its environmental advantage

>

(:) High RAP becomes truly sustainable

when performance gains justify the added technological effort — delivering value over the full life cycle
Balancing Sustainability and Performance in High-RAP Asphalt Mixtures — A. Marradi, Universita degli Studi di Firenze| 18
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Performance
THE MORE RAP WE USE, THE MORE WE NEED TO KNOW

AP CONT ENT

- BALANCED
ENGmEER'G KNOWLEDGE MIX DESIGN (BMD)

S From recipe-based design
- to performance-based
! ! 7 engineering
PERFORMANCE
BINDER ADDITIVE AGEING TESTING
RAP VARIABILITY CONTRIBUTION EFFECTS ®

CHARACT ERIZATION CONTROL & BLENDING . @ 4 J
® —
= : ( Evaluate dosage, Understand Verify multiple
Understand Redu ca Assess interaction compatibility short- and modes of distress RUTTING CRACKING AGEING
properties and uncertainty and optimal and long-term long-term RESISTANCE RESISTANCE & FIELD
variability balance & effectiveness ) behaviour P CONDITIONS

l‘ | The price of high RAP is nor lower performance, is better engineering

Balancing Sustainability and Performance in High-RAP Asphalt Mixtures — A. Marradi, Universita degli Studi di Firenze| 19
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The key role of different types of additives and rejuvenators
DIFFERENT ADDITIVES, DIFFERENT RESULTS v

Re-using / Recycling agents can be divided into two
groups:

U Rejuvenating agents that, besides the physical
properties, are capable of restoring/revitalizing the
chemical structure of the aged bitumen within RA (at
least to some extent). This is in fact needed to
guarantee the durability of recycled asphalt

O Softening agents (Flux oils) that are effective for

recovering the physical parameters of aged bitumen
within RA by increasing the viscosity

According to EN Standard 15697:2014 Bitumen and bituminous binders — Terminology

Flux oil: Relatively involatile fluid (oil) used in the manufacture of fluxed bitumen
Fluxed bitumen: Bitumen whose viscosity has been reduced by the addition of a fluxed oil(s)

Balancing Sustainability and Performance in High-RAP Asphalt Mixtures — A. Marradi, Universita degli Studi di Firenze| 20
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10° 3

10" 4

¢4dpeon

. L
PAV 1_6%
PAV 1_4%
PAV 1_2%
Busalla 50170
PAV rif

Intensity (a.u.)

Virgin bituminous binder
Aged bituminous binder
Aged bituminous binder + 2% Rej. Agent
Aged bituminous binder + 6% Rej. Agent

—1

2 Theta (°)

Tan &

Intensity (a.u.)

3rd International Conference on

10° 4

¢dpeon

PAV 2_6%
PAV 2_4%
PAV 2.2%
Busalla 50/70
PAV rif

40 60 80 100 120
Temnerature (°C)
T E AR T T
80+ = Virgin bituminous binder
A = Aged bituminous binder
70 == Aged bituminouse binder + 2% Soft. Agent

Aged bituminouse binder + 6% Soft. Agent

10 20

T T T T T T T T T

30 40 50 60 70
2 Theta (°)

Virgin Bitumen

(non-aged)

Aged Bit.

+ Rejuvenator
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The key role of asphalt plant technology
DIFFERENT CONFIGURATIONS, SAME OBJECTIVE

r CONVENTIONAL PLANT )

HOT STORAGE & COMBINATIONS )

/ ADDITIONAL MIXING ZONES

W{ PARALLEL OR COUNTER-FLOW )

T-‘J' H.‘ \ \J & ;[l‘.' \‘b'. - “

Heat transfer from Independent RAP heating Different flow configurations
\\ superheated virgin aggregates ) \ (direct or indirect) J \ to optimise heat transfer )

Enhanced mixing for better Hot storage, multiple solutions
\ interaction and homogeneity \ and hybrid configurations /

@

DIFFERENT ROUTES. SAME OBJECTIVE.

SUFFICIENT PRESERVE CONTROL MAINTAIN
QUALITY EFFICIENCY

@ | What matters is the ability to control the temperature, moisture and dosage

CONSISTENT

HIGH-QUALITY MIXTURE

WITHOUT SACRIFICING
PRODUCTIVITY

N

Balancing Sustainability and Performance in High-RAP Asphalt Mixtures — A. Marradi, Universita degli Studi di Firenze| 22
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From bitumen aging to asphalt aging
CEN/TS 12697-52:2025 - Bituminous mixtures - Test methods - Part 52: Conditioning to address oxidative ageing

CEN/TS 12697-52:2025

TO TRUE
Will this mixture CIRCULARITY
still be recyclable
atthe end of its

next service life?

ASPHALT AGING
Interaction between
binder, RAP, aggregates,
air voids and additives

*A MORE COMPLETE AND FORWARD-LOOKING APPROACH

gzgggmmce ASSESS SUPPORT ENABLE
 LTION DURABILITY MIX DESIGN CIRCULARITY

Balancing Sustainability and Performance in High-RAP Asphalt Mixtures — A. Marradi, Universita degli Studi di Firenze| 23

BITUMEN AGING

Changes in binder
properties

Procedures to assess the effects of
oxidative ageing and enable
\ subsequent performance testing. /

(. .
Conditioning to address oxidative ageing Does this
rrxtun;e perform
today?
@ y
(- How will this
) mixture perform
X < e after ageing?
% LOOSEMIXTURE  COMPACTEDMIXTURE | '~ FROM RECYCLING
‘ CONDITIONING CONDITIONING -
N
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Case studies

HIGH RAP EXPERIENCES IN ITALIANT TRANSPORT INFRASTRUCTURES

Highly Trafficked Motorway Railway sub ballast with
with 70% RAP High RAP

Balancing Sustainability and Performance in High-RAP Asphalt Mixtures — A. Marradi, Universita degli Studi di Firenze | 24
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Highly Trafficked Motorway with 70% RAP

HIGH RAP MOVES FROM POSSIBILITY TO PRACTICE

= Construction 2023

= Type of Road: Motorway

= Layer : Inlay base/binder course

= Type of asphalt: dense-graded mix

= Bitumen content: binder course: 4.65%;
base course: 4.1%

= Layer thickness: 40mm

= Paving bitumen: 50/70

= Reclaimed asphalt: +67%

* Rejuvenator: Bio-based mixture of vegetal

oils
= Dosage: 0.15% on the weight of RA

Balancing Sustainability and Performance in High-RAP Asphalt Mixtures — A. Marradi, Universita degli Studi di Firenze| 25
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Highly Trafficked Motorway with 70% RAP

HIGH RAP MOVES FROM POSSIBILITY TO PRACTICE

A4 Turin-Milan: 1st Green & Hi-Tech Motorway in Europe
w/graphene, recovered hard plastics and 70% recycled asphalt

The repaving of 250 km of slow lane (125 + 125) of the A4 To-Mi Motorway, managed by ASTM Group, is underway.
GIPAVE® and 70% recycled asphalt will make the highway super-sustainable and safer.

A4 Turin-Milan

125 km

The big advantages for the environment

-30% Energy Savings (estimated to be circa 90 million kWh), equal to the annual energy
0 needs of ¢. 30,000 families.
-38,50/0* @ -18,350,000 kg of CO,eq emissions equal to the absorption action of about 115,000 trees.

-40% t‘ Savings of bitumen (equal to almost 23 million kg) and of aggregates (circa 480 million
0 Q, kg of raw materials extracted from quarries w/large savings also of soil).

1.500 Tonnes of reused hard plastics (almost equal to the weight of over 1,200 cars).

@ Increased pavement durability versus the best technologies currently used on the
market.

+75%
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Sustainable railway sub-ballast A
FROM LABORATORY, TO FIELD, TO NEW TECHNICAL SPECIFICATIONS

4. FULL-SCALE
FIELD TRIAL

II RF’ i

CAPITOLATO - PAXTE 1
SEZIONE 1y

CAPITOLATO GENERALE TECNICO DI APPALTO
DELLE OPERE CIVILI

PANTE U SEZIONE 1t
SUB-BALLAST E PAVIMENTAZIONT STRADALI

T CPERE STRADALS ACCZISORIZ

state of the art of 0% to 70% RAP mechanical 44% RAP FWD measurement Update of RFI

RAP in railways mixtures characterization real construction Back calculation technical Standard
layers and High + plastomeric (voids, strength, conditions
RAP HMA polymers modifiers aging, stiffness)
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Sustainable railway sub-ballast * Neat bitumen +RAP bitumen ({5
LABORATORY MIXTURES with RI+GRP
% RAP 0% 30% 44% 70%
grading RFI band RFI band RFI band open graded RFI Band
Bitumen type 50/70 70/100 50/70 70/100 70/100
% Total bitumen * 4.1 4.1 4.1 4.4 4.1 4.4
Additives & modifier - R2+PCC - R2+PCC R2+PCC
——— f x|
FIELD I MIX1 | MIX3i MIX4 MIX6 MIX5 MiIX 8
AL | {MIX 4bis*}
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Sustainable railway sub-ballast A
LABORATORY TESTING

ID miscela MIX 1_Lab2 m MIX2 MIX3 MIX4 MIX6 MIX5 m

PHYSICAL-MECHANICAL CHARACTERIZATION ACCORDING TO RFI TECHNICAL GUIDELINES

Voids M M M M M M M M M
Marshall test M M M M M M M M M
Marshall Stability Losss M M M M M M M M M
Indirect Tensile Strength @ 20 °C M M M M M M M M M
Indirect Tensile Stiffness Modulus @ 20 e 30 °C M M M M M M M M M
ADDITIONAL PHYSICAL-MECHANICAL CHARACTERIZATION

Voids at N1, N2, N3 G G G G G G G G
Indirect Tensile Strength @ 25 °C M M, G(N2) M, G(N2) M, G(N2), G(N3) M, G(N2), GIN3 M, G(N2), G(IN3 M, G(N2), G(N3 M, G(N2), G(N3 M, G(N2), G(N3)
Indirect Tensile Stiffness Modulus @ 5, 20, 40 °C G(N2) G(N2) G (N2), G(N3) G (N2), G(N3) G(N2), G(N3) G(N2), G(N3) G(N2), G(N3) G(N2), G(N3)
ITSRa25°C G(N2) G(N2) G (N2), G(N3) G (N2), G(N3) G(N2),G(N3) G(N2), G(N3) G(N2),G(N3) G(N2),G(N3)
Resistance to permanent deformation R R R R R R R
IsnglAriEtTLensne Strength @ 20 °C — M M M M M
IsnglAriEtTLensne Strength @ 25 °C — M M M M M
g?:iﬁtr;ensne Stiffness Modulus @ 20 e 30 °C — M M M M M

* Letters identify the compaction methodology adopted to obtain the specimens: M =Marshall compaction, G = giratory compaction, R = roller compactor
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Sustainable railway sub-ballast
FIELD TRIAL LOCATION

o Sommacampagna

Construction site for the high-speed Brescia Est —
Mignini, C., Berardi, L., Liberato, G. P., Scasserra, G., & Marradi, A. Verona AV/AC line with subgrade in line configuration

(2026, June). Towards Sustainable Railway Sub-ballast: Field Trial
with Recycled Asphalt Pavement and Plastomeric Polymers. In
RILEM International Symposium on Bituminous Materials (pp. 197-
203). Cham: Springer Nature Switzerland.

(super-compacted)
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Sustainable railway sub-ballast A
FIELD TRIAL — 14/15 December 2023 °
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Sustainable railway sub-ballast A
FIELD TRIAL ORGANIZATION

C‘asello di Veronay
'\H \ Nord\AZ

- Semmacampagnaj: .y ' ; ‘ a = | . ! Interport
i I ' : (PO : e
estr an Center ss%ilz/ \ i y lQuadrante Europa
/f'.l’) I

¥ L 35
K \ | i ! B )c
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SUSTAINABLE RAILWAY SUB-BALLAST A

V7 [ e -
GRUFPO FERROVIE DELLO STATO ITALIANE SUB-BALLAST E PAVIMENTAZIONI STRADALI
in laboratory and field conditions B

CAPITOLATO GENERALE TECNICO DI APPALTO
DELLE OPERE CIVILI

FARTE II - EEZIONE 13

providing higher strength and stiffness than conventional mixtures SUB BALLAST E PAVIMENTAZION] STRABALI

13.l. SCOPO E CAMPO DI AFFLICATIONE
132, DOCUMENTAIIONE DI RIFERIMENTO
133, DEFINIZIONI

134 ABBREVIATIONI

13.5. PRESCRICIONI GEMNERALI

Despite unfavourable construction conditions, RAP sections exhibited higher -

37, PAVDIENTAIIONI PER INTERPORTI

m Od u I I 135 PAVIMENTATIONI STRADALT
13.9. SUB—BALLAST

13.10. PAVRMENTATIONI DI OFERE STEADALI ACCESSORIE

From 2025 the use of RAP in sub-ballast in Italy is permitted e | Dw Deicasioe | edizoe | VewioTewm | awarcens
G 20/12/2024 Emissioue pec G2L Dl ,d'fﬂ-ﬂul*éd-t F.Tacobini

Applicazione 1

CIRCULARITY | MANC STANDARD IMPLEM
Maximizing the use of Q Equal or superior mechanical From research to practice:

recycled materials (RAP) — performance compared to contributing to the update of
for a circular railway system. conventional solutions. J RFI technical specifications.
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Future situation — Italian road construction
FROM ENVIRONMENTAL COMPLIANCE TO PERFORMANCE-DRIVEN SUSTAINABILITY

MINIMUM
ENVIRONMENTAL CRITERIA (CAM)

4

h Pushing public
e procurement toward ’
environmental &0
CAM performance,
recycled materials M .
ﬂ and life-cycle Regulation creates favourable
thinking. conditions for wider use of
\ - W, i\ recycled materials.
ENVIRONMENTAL \R\
Regulatory driver -

and environmental targets

ECONOMIC

Solutions that are S
economically viable for r
producers and contractors

SUSTAINABLE
ROAD
CONSTRUCTION

BUT REGULATION ALONE
IS NOT ENOUGH

Risk of formal compliance
without real performance

Need for technical
capability

Importance of quality
control and verified

Reward durability
and quality
1

performance
\ >

SOCIAL

Durable and safe
service

for road users

AN OPPORTUNITY
TO MODERNIZE OUR APPROACH

O Encourage recycling

S ’ .
- @ - Support technological
> innovation

-
( )
REGULATION,
PERFORMANCE

AND VIABILITY

MUST GO TOGETHER.

@*

Otherwise, we risk
confusing, compliance
\_ with sustainability. )

i" | Policy can accelerate recycling. Performance is what makes recycling credible
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Conclusions
BEYOND RAP PERCENTAGE: ENGINEERING FOR PERFORMANCE AND SUSTAINABILITY

It depends on: e \
There is no single * RAP characteristics Increasing RAP
\ How FAR percentage thgat ¢ Mixture and application should not be
CANWE GO defines the technical SLBRI and arki s , the objective
2 fimit. ¢ Design and performance requirements by itself.
WITH RAP? « Quality control system K >

4

FROM MORE RECYCLING

TO BETTER RECYCLING ENVIRONMENTAL
Reduce virgin
resources and
environmental impacts -
TRUE SUCCESS
SUSTAINABLE IS NOT A PERCENTAGE.
ASPHALT
BittorRAD Bt e Better Better PAVEMENTS It is the ability to deliver
T 7
roduction charactenzatlon mix design of rejuvenators planttechnology performance understanding ECONOMIC pavgements that are i
and management and modifiers verification an‘;’gggg%ty Technically and Durable pavements, environmentally responsible,
economiically fencr e economically viable and
viable i
distliption Ciurable for society. g

THE GOAL IS NOT MORE RECYCLING AT ANY COST.
THE GOAL IS BETTER RECYCLING BY DESIGN. -g

Balancing Sustainability and Performance in High-RAP Asphalt Mixtures — A. Marradi, Universita degli Studi di Firenze| 35



20
// Institut fiir
StraBenwesen

3rd International Conference on Asphalt Recycling Technologies | ART2026

Alessandro Marradi
Universita degli Studi di Firenze

UNIVERSITA
DEGLI STUDI

FIRENZE

alessandro.marradi@unifi.it



mailto:alessandro.marradi@unifi.it

	Slide 1: BALANCING SUSTAINABILITY AND PERFORMANCE IN  HIGH-RAP ASPHALT MIXTURES
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36

