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THE RAP CHALLENGE

ENGINEERING HIGH RAP

PERFORMANCE & SUSTAINABILITY

FROM THEORY TO PRACTICE
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Today

History – Some important dates
A LONG TRACK RECORD OF SUCCESS

1970s19731915

Asphalt pavement 

recycling dates back 

to 1915

(Kandhal & Mallick, 1977)

It did not become a common 

practice until the early 1970s, 

when asphalt binder prices 

skyrocketed as a result of the  

Arab oil embargo in 1973

The paving industry reacted by 

developing recycling 

technologies to reduce the 

demand for asphalt binder and 

the cost of asphalt mixtures

Many practices first developed 

during this period are still in 

use today and have become a 

routine part of pavement 

construction and rehabilitation 

operations

Milled material from asphalt pavement is known as 

RAP (Reclaimed Asphalt pavement)
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LANDFILL

WASTE

“Reclaimed Asphalt RAP”

Source: EATA – «Asphalt in figures»,2024

Reclaimed Asphalt production in Europe today
FROM YESTERDAY’S ROADS TO TOMORROW’S SOLUTIONS
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LANDFILL

WASTE

“Reclaimed Asphalt RAP ”

≈ 17 Mt/year only in Italy*

*Siteb, 2026 and EATA – «Asphalt in figures»,2024

Reclaimed Asphalt production in Europe today
FROM YESTERDAY’S ROADS TO TOMORROW’S SOLUTIONS
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Reclaimed Asphalt for Sustainable Infrastructures
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What if Reclaimed Asphalt is not waste, but a resource?

RECYCLING

Cold 
Recycling 
Mixtures Hot

Recycling 
Mixtures

Unbound and 
hydraulically 

bound materials 



3rd International Conference on Asphalt Recycling Technologies | ART2026

Balancing Sustainability and Performance in High-RAP Asphalt Mixtures – A. Marradi, Università degli Studi di Firenze | 8

The challenge we all know: SUSTAINABILITY vs PERFORMANCE
MORE RAP BRINGS CLEAR SUSTAINABILITY BENEFITS — BUT TIGHTER PERFORMANCE MARGINS

The real objective is not to maximize RAP content in itself, but to deliver reliable performance with 

higher recycled content

SUSTAINABILITY PERFORMANCE

- Less virgin materials
- Less Waste
- Resource efficiency
- Circularity

- Aged binder / stiffness
- Variability
- Narrower design margins

ENGINEERING CONTROL

Characterisation • Mix design • Additives • Process control • Technologies  



3rd International Conference on Asphalt Recycling Technologies | ART2026

Balancing Sustainability and Performance in High-RAP Asphalt Mixtures – A. Marradi, Università degli Studi di Firenze | 9

Why this matters now

Recycling is becoming a strategic requirement
Higher recycled content must now deliver environmental value without compromising pavement performance

MULTIPLE DRIVERS, A CLEAR DIRECTION

RESOURCE 
EFFICIENCY

Less virgin binder and 
raw materials

CLIMATE & 
CIRCULAR ECONOMY

Sustainability targets 
and regulatory 
pressures are 

increasing

PROCUREMENT
REALITY

Public agencies 
increasingly ask for 

measurable 
environmental value

PERFORMANCE
EXPECTATIONS

Users still expect 
durable pavement and 
uninterrupted service
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A changing landscape
NEW DRIVERS, HIGHER AMBITIONS, GREATER COMPLEXITY
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The 35% RAP content comfortable threshold
AN ENGINEERING REFERENCE POINT, NOT A UNIVERSAL LIMIT

The 35% threshold is not a limit, but a reference point 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

UNI/TS 11688:2017 
“Criteri di qualificazione e impiego del 

conglomerato bituminoso di recupero

proveviente dalla rimozione delle 

pavimentazioni esistenti”

“Criteria for the qualification and use of 

Reclaimed Asphalt Pavement (RAP) 

obtained from existing pavement 

removal”
HMA
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So how far can we really go with RAP?
HIGHER RAP IS POSSIBLE – BUT IT REQUIRES A DIFFERENT APPROACH

There is no single technological barrier, only a progressive increase of complexity
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No limits with the right steps
HIGHER RAP CONTENT STARTS LONG BEFOR MIX DESIGN

Invest in RAP quality today to unlock higher recycling tomorrow
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To push RAP higher, technology production must evolve
HIGHER RECYCLING REQUIRE MORE THAN CONVENTIONAL SOLUTIONS 

Screening | Crushing 

Stockpiles

Harvesting RAP Mixing

20%

25%

35%

Screening | Crushing 

Stockpiles

Harvesting RAP Mixing

20%

25%

35%

Recipe Generator

60%80%80%

Performance Sustainability Profitability
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The central role of mix design and production plants 
FROM LABORATORY DESIGN TO CONSISTENT, EFFICIENT AND SUSTAINABLE PRODUCTION
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Additives and Rejuvenators
BALANCING PROPERTIES FOR HIGH-RAP PERFORMANCE
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Sustainability: benefits and realities
HIGHER RAP BRINGS OPPORTUINITES – BUT IS NOT A FREE LUNCH

High RAP becomes truly sustainable
when performance gains justify the  added technological effort – delivering value over the full life cycle

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
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Performance
THE MORE RAP WE USE, THE MORE WE NEED TO KNOW

The price of high RAP is nor lower performance, is better engineering
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The key role of different types of additives and rejuvenators
DIFFERENT ADDITIVES, DIFFERENT RESULTS

Re-using / Recycling agents can be divided into two 

groups: 

❑ 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

❑ 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) 
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Rejuvenators vs Flux oils
A CLASSIFICATION PROTOCOL

Virgin Bitumen

(non-aged) Aged Bitumen

Aged Bit. 

+ Rejuvenator

Aged Bit. 

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

What matters is the ability to control the temperature, moisture and dosage
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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 
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Case studies
HIGH RAP EXPERIENCES IN ITALIANT TRANSPORT INFRASTRUCTURES  

Highly Trafficked Motorway 

with 70% RAP

Railway sub ballast with

High RAP
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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
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Highly Trafficked Motorway with 70% RAP
HIGH RAP MOVES FROM POSSIBILITY TO PRACTICE
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FROM LABORATORY, TO FIELD, TO NEW TECHNICAL SPECIFICATIONS

state of the art of 

RAP in railways 

layers and High 

RAP HMA

0% to 70% RAP 

mixtures

+ plastomeric

polymers modifiers

mechanical 

characterization 

(voids, strength, 

aging, stiffness) 

44% RAP

real construction 

conditions

FWD measurement

Back calculation

Update of RFI 

technical Standard

Sustainable railway sub-ballast
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LABORATORY MIXTURES

% RAP

grading

Additives & modifier 

% Total bitumen *

0% 30% 44% 70%

RFI band

Bitumen type

RFI band RFI band open graded RFI Band

50/70 70/100 50/70 70/100

4.1 4.1 4.1 4.4

- R2+PCC - R2+PCC R2+PCC

MIX 1 MIX 7

70/100

4.4

MIX 2 MIX 3 MIX 4 MIX 6 MIX 5 MIX 8

4.1

MIX 4bis**

* Neat bitumen + RAP bitumen
**with R1+GRP

FIELD 
TRIAL

Sustainable railway sub-ballast
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LABORATORY TESTING

ID miscela MIX 1_Lab2 MIX1 MIX7 MIX2 MIX3 MIX4 MIX6 MIX5 MIX8

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), G(N3 M, G(N2), G(N3 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)

ITSR a 25 °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

Indirect Tensile Strength @ 20 °C – 

STA+LTA
M M M M M

Indirect Tensile Strength @ 25 °C – 

STA+LTA
M M M M M

Indirect Tensile Stiffness Modulus @ 20 e 30 °C – 

STA+LTA
M M M M M

* Letters identify the compaction methodology adopted to obtain the specimens: M =Marshall compaction, G = giratory compaction, R = roller compactor

Sustainable railway sub-ballast



3rd International Conference on Asphalt Recycling Technologies | ART2026

Balancing Sustainability and Performance in High-RAP Asphalt Mixtures – A. Marradi, Università degli Studi di Firenze | 30

FIELD TRIAL LOCATION

Construction site for the high-speed Brescia Est –
Verona AV/AC line with subgrade in line configuration 
(super-compacted)

Sommacampagna

Mignini, C., Berardi, L., Liberato, G. P., Scasserra, G., & Marradi, A.

(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.

Sustainable railway sub-ballast
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FIELD TRIAL – 14/15 December 2023

Sustainable railway sub-ballast
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FIELD TRIAL ORGANIZATION

Sustainable railway sub-ballast
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SUSTAINABLE RAILWAY SUB-BALLAST
FIELD TRIAL OUTCOMES

High RAP sub-ballast (44% RAP) successfully met the RFI requirements

in laboratory and field conditions

The addition of Plastomeric modifiers and rejuvenators improved the 

mechanical performace,

providing higher strength and stiffness than conventional mixtures

Field validation confirmed laboratory findings:

Despite unfavourable construction conditions, RAP sections exhibited higher 

moduli

RFI technical guidelines update:

From 2025 the use of RAP in sub-ballast in Italy is permitted
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Future situation – Italian road construction
FROM ENVIRONMENTAL COMPLIANCE TO PERFORMANCE-DRIVEN SUSTAINABILITY

Policy can accelerate recycling. Performance is what makes recycling credible

.
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Conclusions
BEYOND RAP PERCENTAGE: ENGINEERING FOR PERFORMANCE AND SUSTAINABILITY
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Alessandro Marradi

Università degli Studi di Firenze

alessandro.marradi@unifi.it

Thank you!

mailto:alessandro.marradi@unifi.it
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