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Today, the road paving industry is facing many challenges
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Aging infrastructure Tight budget constraints

Heavier than anticipated traffic loads Protecting the environment
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Recycling asphalt delivers significant economic and environmental benefits

Environmental Benefits

Asphalt can be recycled multiple times –
longer life span

Less road construction material waste in landfills

Reduced oil consumption to make virgin asphalt

Reduced green house gas emissions

Economic Benefits

Reduced asphalt costs

Reduced energy costs

Lower road maintenance costs

Saves taxpayers money
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But asphalt recycling can mean many things…
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There are several processes and products associated with recycling / RAP

MAXIMIZING THE USE OF RECLAIMED ASPHALT PAVEMENT (RAP)

01
Hot Mix Asphalt (HMA) / Warm Mix 

Asphalt (WMA) with RAP 02 Central Plant Recycling

03 Cold in Place Recycling (CIR) 04 Full Depth Reclamation (FDR)

In-Situ Recycling
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In this webinar, we’ll focus on two areas to maximize RAP use
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Cost-effective and environmentally responsible options for road rehabilitation

MAXIMIZING THE USE OF RECLAIMED ASPHALT PAVEMENT (RAP)

Do you think focusing on these two methods is the big idea? If yes, Why?  

Are these the most effective or most common methods? 

FDR is a major focus for us in that market. Improving existing road and 

expanding infrastructure. 

Hot Mix Asphalt (HMA) / Warm Mix 

Asphalt (WMA) with RAP
Full Depth Reclamation 

In-Situ Recycling
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2 key methods to 

capture the economics 

of using RAP:
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Additives on the hot and warm side

Engineered emulsions on the cold side
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HMA / WMA 

with RAP
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Additives on the hot and warm side
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The Challenge: Combine RAP use with lower mix production temperatures
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Recycling of asphalt pavement and the reduction of bituminous 
mixtures’ production temperatures are interesting to combine, 
for both economic and environmental reasons

A large experimental campaign was initiated to lower mix 
production temperatures using additives and including RAP by:

● Laboratory of Tribology and System Dynamics (LTDS) laboratory of the 
University of Lyon/ ENTPE

● Arkema-Road Science

● Malet company

● French Agency for the Environment and Energy Management (ADEME)

Findings were published on November 24, 2020 in Sustainability

● Fatigue and Thermal Cracking of Hot and Warm Bituminous Mixtures 
with Different RAP Contents
• Nguyen Hoang Pham1,2, Cédric Sauzéat1,*, Hervé Di Benedetto1, Juan A. 

González-León3, Gilles Barreto3 and Aurélia Nicolaï4 (see Appendix)
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The Approach: Different mixes, production processes, RAP content and additives

Testing objective is to address fatigue resistance and the 
thermal cracking of different bituminous materials

● Thermal Stress Restrained Specimen Test (TSRST) for 
thermal cracking

● Fatigue at 10 °C, 10 Hz

Nine bituminous mixtures were tested

Two types of production processes were considered: 

● Hot bituminous mixture (HM), control material, mixing at 160 °C

● Warm bituminous mixture (WM), mixing at 120 °C

Three RAP contents: 0%, 30% and 50% by weight of mix

Two types of Arkema-Road Science surfactant-based 
additives

● Additive E and Additive B at 0.4% total asphalt
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The Tests: Fatigue, Thermal Stress Restrained Specimen, Impact of Manufacturing
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The Materials: Bituminous mixtures

Fresh bitumen 38 dmm

Recovered RAP bitumen 11 dmm

Final blend adjusted to 38 dmm
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50/70 and 70/100 

for 30% RAP

50/70 and 160/220 

for 50% RAP
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The Results: Fatigue testing – influence of RAP and additive

Fatigue - Influence of RAP
● For the standard hot mix, the fatigue 

performance of the hot mix decreases 

when adding RAP (reference report)

● For warm bituminous mixtures, 

accounting for the additives, the ε6 value 

increases when adding RAP 

Fatigue - Influence of Additive
● Additive E provides higher values of ε6 

than additive B, for warm bituminous 

mixtures with RAP

Reference Wöhler Curves used for fatigue cycles to failure versus strain 

amplitude (see report)

ε6 represents the axial strain amplitude level for which the failure is 

obtained after one million cycles

Additives together increase the strain tolerance of the mix
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The Results: Fatigue testing – influence of manufacturing

For bituminous mixtures without RAP 

hot bituminous mixture has higher ε6 

value than warm bituminous mixture 

Then for the bituminous mixtures without 

RAP, the fatigue performance of hot 

bituminous mixture is better than that of 

the warm bituminous mixture

For bituminous mixtures with 30% RAP 

No clear trend emerges

The ε6 value of the hot bituminous mixture M2-2 

is smaller than that of the bituminous mixture 
M4 (warm mix using additive E) and is equal to 

that of the bituminous mixture M5 
(warm mix using additive B)
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The Results: TSRST – influence of RAP and voids on HMA
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Failure Temperature Failure Stress

RAP content seems to have little influence on the hot mixtures

Denser materials have better performance
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The Results: Influence of RAP with additive
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Failure Temperature Failure Stress

For warm bituminous mixtures with additives, a clear trend emerges

• The failure temperature values decrease, and failure stress values increase when the RAP content increases

• RAP addition improves the performance of the tested warm bituminous mixtures
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The effect of the two types of additives (E and B) on the failure temperature and failure 

stress of the warm bituminous mixtures is quasi-identical 

• Additive B gives better results for warm bituminous mixtures with 50% RAP, but worse for warm bituminous mixtures with 30% RAP

• The discrepancy between the tests results is higher for this parameter and does not allow a definite conclusion

The Results: Influence of the type of additive
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Failure Temperature Failure Stress
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Key Takeaways: Fatigue and TSRST Tests

Radial strain in two directions

● Gives information on the multi-axial 

behavior of the materials, which needs 

to be further investigated to better 

understand the bituminous mixtures’ 

behavior – this is essential to improve the 

modeling and design of road structures

Four criteria were applied to determine 

fatigue life which gave similar results

The repeatability of the TSRST was good 

based on temperature failure, stress 

failure and radial strain failure values

A decrease in the voids content 

improves fatigue and TSRST test 

performance
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Key Takeaways: The importance of using the right additive

The influence of the manufacturing 

process (hot or warm), RAP content and 

type of additive used for warm process 

were evaluated for both types of tests

Overall, warm bituminous mixtures with 

RAP exhibit comparable performance 

with hot bituminous mixtures and, in 

some cases, even better performance
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Full Depth 

Reclamation (FDR) 

In-Situ Recycling
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Engineered emulsions on the cold side
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Full Depth Reclamation (FDR) is an effective road rehabilitation technique…

Asphalt pavement and a portion of underlying materials are 

pulverized and blended into a homogeneous base material

Injected with engineered emulsion, the process produces a flexible 

yet strong stabilized base for structurally upgrading pavements
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…that addresses many kinds of pavement distresses

Poor ride quality

Loss of surface integrity 
(raveling, potholes and bleeding)

Excessive shoulder drop-off
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All types of cracking

Inadequate structural capacity

Loss of bonding in between layers 

and stripping
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The process involves pulverizing asphalt pavement layers and underlying base in-situ
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Builds structure down into pavement 
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The process involves pulverizing asphalt pavement layers and underlying base in-situ

Milling / addition of water and 

engineered emulsion

Compaction Profile

Final moisture for optimal 

compaction and dust control
Profile compaction

Final grade compaction
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There are several key criteria required for success

Pavement and material assessment

Engineered mix design

Performance related specifications

Innovative emulsion technology

Construction guidelines and QC specs
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Superpave gyratory compactor Falling weight deflectomer - FWD Lab mixer
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Each criteria directly impacts key performance parameters
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FDR performance can be enhanced with an engineered emulsion

Chemical break, solventless 

High asphalt content

Flexible and strong bituminous layer

Early strength and increased 

structural capacity

Excellent coating

Performance related specs

Higher reliability (QC/QA practices)
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RAP can deliver significant economic advantages
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A larger coefficient 

results in a thinner 

pavement under the 

same traffic condition

Less material = lower costs

Coefficients rely on:

1. Material quality

2. Passing the mix design

3. Passing quality control 
requirements.

* Values are from the literature. All values here generalized; each agency has own point of view. FDR values validated by FWD

EE Granular Base Stabilization

EE Full Depth Reclamation
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Key takeaways: The benefits of Full Depth Reclamation

Flexible and strong bituminous stabilized base

● Strong enough for traffic before surface treatment

● Resists rutting

● Improved resistance to:
• Thermal cracking

• Fatigue cracking

• Moisture damage

Early and increased strength

● Immediate compaction and same day return 
to traffic

● Overlay within 3-10 days depending on weather 
and moisture

● Uniform strength

Cost-effectiveness % economic flexibility, 
“Environmental Advantages,” stage construction

Excellent coating with engineered emulsion
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Foam 

treated                 
Engineered 

emulsion treated

Same aggregate = Same residual asphalt content
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Maximize RAP use with 

HMA/WMA or FDR In-Situ
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Additives on the hot and warm side

Engineered emulsions on the cold side
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Appendix

1 Laboratoire de Tribologie et Dynamique des Systèmes (UMR 
CNRS 5513), University of Lyon, ENTPE, Rue Maurice Audin, 
CEDEX 69518 Vaulx-en-Velin, France; hoang.kcct@tlu.edu.vn 
(N.H.P.); herve.dibenedetto@entpe.fr (H.D.B.)

2 Department of Civil, Water Resources University, 175, Son Tay 
street, Dong Da district, Hanoi 11515, Vietnam

3 Centre de Recherche Rhône-Alpes, Arkema Road Science, Rue 
Henri Moissan, CS42063, 69491 Pierre-Bénite, France; juan-
a.gonzalez@arkema.com (J.A.G.-L.); 
gilles.barreto@arkema.com (G.B.)

4 Pôle Développement—Direction Technique, Spie Batignolles
Malet, 22 Avenue de Palarin, 31120 Portet-sur-Garonne, France; 
aurelia.nicolai@spiebatignolles.fr

* Correspondence: cedric.sauzeat@entpe.fr
Received: 20 September 2020; Accepted: 11 November 2020; 
Published: 24 November 2020
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Disclaimer

The statements, technical information and recommendations contained herein are believed to be accurate as of the date hereof.
Since the conditions and methods of use of the product and of the information referred to herein are beyond our control, our 
company expressly disclaims any and all liability as to any results obtained or arising from any use of the product or reliance on such 
information; NO WARRANTY OF FITNESS FOR ANY PARTICULAR PURPOSE, WARRANTY OF MERCHANTABILITY OR ANY OTHER 
WARRANTY, EXPRESS OR IMPLIED, IS MADE CONCERNING THE GOODS DESCRIBED OR THE INFORMATION PROVIDED HEREIN.

The information provided herein relates only to the specific product designated and may not be applicable when such product is 
used in combination with other materials or in any process. The user should thoroughly test any application before 
commercialization.  Nothing contained herein constitutes a license to practice under any patent and it should not be construed as 
an inducement to infringe any patent and the user is advised to take appropriate steps to be sure that any proposed use of the 
product will not result in patent infringement. We encourage you to always read and understand the Technical Data Sheet and the 

Safety Data Sheet for all products. 

Road Science is a registered trademark of ArrMaz Products Inc.
© 2022 ArrMaz Products Inc.  All rights reserved.
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