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overview of more than 25 years  of use 
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content

• Historic et definitions
• Situation rules and regulations
• Situation today with regard to sustainable development 
• Examples of some cases 
• Outcome of behaviors (evolutions and tendencies)
• Conclusion
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Historic
• At the beginning of 80: apply the experiences from USA:

– Consequence of first petroleum crisis 1976
– Used of TSE with ring for recycling
– Average rate with high proportion : 30 to 50%
– Used of rejuvenators (soft oil : RJO 400)
– Will of administration : RN, free motorways

– Applied researches in LRPC, refineries, companies
• Abandonment of the process between meddle of 1980 and 

2000, except for « big construction site (motorways) »
• Re-used of technique under the influence of sustainable 

development : start 2000
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Hot recycling asphalt on mixing plant

Recycling in place in hot           or cold conditions
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Techniques for recycling of reclaimed asphalt 

Classification from Direct-mat: european research project on recycling material in the road
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Standardization of reclaimed asphalt

NF EN 13108-8 (march 2006) replace the French standard on RA (XP P 98-135) 

Rate of RA vs composition
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回收沥青混合料特性和RAP 参量
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regulations



9

Voluntary commitment (private companies)
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Limits on the variations of the RAP characteristics

Grading
[%] by mass

Binder content
[%] by mass

Penetration 
[1/10 mm]

Softening 
point 

TR&B [°C]Country < 0,063 >0,063; 
< 2

> 2 

Belgium1) ±3 ±10 ±1 ±10 ±10
Denmark Not specified

France Not specified
Germany2) x x x x - x

Hungary Not specified

Ireland Not specified

Poland2) x x x x x

Portugal ±1,5 ±3 ±5 ±0,4 ±4 -

Serbia Not specified

Slovenia Not specified

Spain ±1,5 ±3 ±5 ±0,4 ±4 -

Sweden Not specified
1) If tolerances are not met, the allowed RA content is reduced to half of the allowed value
2) The homogeneity of the indicated characteristics defines the percentage of RA 
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Some figures 
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Use of reclaimed asphalt material in road
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Promotion of old asphalt

• Availability of  resources : maintenances operations, 
treatment (crushing, sieve, storage,…)

• Multi-recycling 
• Limits of technique:

– Existing of pollutant:
• Tar 
• Asbestos fibers

– Technical constraints :
• Quality of reclaimed asphalt : bitumen not too hard, 

heterogeneity, variability,…
• Mix design : pertinence, representativeness with %RAP
• Plant equipment  : capacity to recycle
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Perfect command of recycling
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General recyclability of reclaimed road 
materials in new hot mix asphalt

Recycled unbound 
material

Recycled hydraulically 
bound material

Reclaimed Asphalt

Belgium o

Denmark x o

France o

Germany x x o

Hungary o

Ireland o

Poland x x o

Portugal o

Serbia - - -

Slovenia x x o

Spain o

Sweden o

-: not allowed in any HMA type
x: as aggregate in some types of HMA - same requirements as on virgin aggregates 

(further environmental specification needed)
o: Special specifications



16

Limits of the RAP content due to mixing plant

Continuous drum 
mixing plant

Batch plant

Country a1 a2 b1 b2 b3 b4
Belgium - - 10 % - 50 %
Denmark Not specified
France 25 % 60 % 20 % 75 %
Germany 40 % - 30 % 40 % 100 %
Hungary Not specified
Ireland Not specified
Poland > 30 %
Portugal Not specified
Serbia Not specified
Slovenia - - 30 % 40 % 80 %

Spain 25 % 50 % 10 % 10 % 25 % 50 %

Sweden Not specified
-: plant type not available 

Continuous drum mixing plants (a)
a1) Heating reclaimed asphalt together with hot mix of stone fractions (a1)
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Continuous mixing plant with double drums
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Scheme for high rate recycling in warm conditions

Continuous mixing plant with double drums
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Example 1

• Recycling of old thick AC (BBSG pure bitumen) of 
wearing course, on heavy lane in motorway (milling) in 
new high modulus (EME or HMA) mix in base course, 
on another motorway, cross section.

• Rate : 50 to 65% RA
• Tonnage : 10 000 tonnes
• Year : 2008
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Motorway job site (north of France) 
Continuous mixing plant

High rate of recycling in HMA
50 and 65 % of old surface asphalt mixes

21 may 2008
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Loading of RAP  (rate 50%)

Double system of preparation : RAP New aggregate
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Example of HMA recycling at 50 and 65%

Formulation
New limestone aggregates  : 

- 0/4 7% 0 %
- 6/10 12 % 6 %
- 10/20 28,4 % 27,3 %

RAP (old BBSG 0/10 *) : 50 % 65 %
Binder added (grade 15/25) : 2,6 % 1,7 %
Total bitumen content : 5,35 %
Theoretical grading :

0,063 2 6 10 14 20 mm
7,5 30 50 70 85 98 %

* TL theoretical value = 5,5%

Fabrication Temperature : 170 and 180°C



23

Example of results on HMA with 50% RAP

Tests Results
GSC 120 girations 3,8 %

Duriez r / R 0,87%
Rut after

30 000 cycles
5,2% void 

content 3.8 %

Modulus at 
15°C – 10 Hz

2,8 % void 
content 14 100 MPa

http://www.vectra.fr/
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Example 2

• Reconstruction of heavy lane on motorway, 
by re-use, in binder course in thick asphalt (6 cm), a high 
modulus asphalt mix for surface layer (BBME)

• Rate : 50 % reclaimed asphalt
• Tonnage : 16 000 tones
• Year : 2007
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Continuous mixing plant RMS 300 Continuous mixing plant RMS 300 RecyclRecycléé

KIT of recycling
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1. Doseur à agrégats
2. Transporteur
3. Tambour TSR 25
4. Convoyeur à raclettes de transfert vers le malaxeur
5. Gaine d’évacuation des fumées + registres de regulation
6. Automatisme

COMPOSITION of recycling
 

KIT

1

2

6

3

5

4
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Doseur Doseur àà 
agragréégats gats 

dd’’enrobenrobééss

COMPOSITION of RECYCLING KIT

Présentateur�
Commentaires de présentation�






�
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Tambour TSR 25Tambour TSR 25

COMPOSITION DU KIT RECYCLAGECOMPOSITION DU KIT RECYCLAGE

Présentateur�
Commentaires de présentation�
Il s’agit d’un tambour Ermont de diamètre 2.50 m, dont la conception des aubages est particulière pour s’adapter à la nature des agrégats.�
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COMPOSITION DU KIT RECYCLAGECOMPOSITION DU KIT RECYCLAGE

Convoyeur à raclettes de transfert 
vers le malaxeur 

Présentateur�
Commentaires de présentation�
Cet élément permet de transférer les agrégats réchauffés au malaxeur pour rejoindre les matériaux neufs. Il a fallu résoudre les problèmes de colmatage et d’abrasion des raclettes.�
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Automatisme

COMPOSITION DU KIT RECYCLAGECOMPOSITION DU KIT RECYCLAGE
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Consommation énergétique par structure (MJ/m²)
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Energy assessment of recyclingEnergy assessment of recycling

Δ
 

= - 17.7% soit # 60 MJ/m²

EcologicieL EcologicieL ®®

Présentateur�
Commentaires de présentation�
Ce bilan ne concerne que la partie enrobés du chantier; si on inclut la totalité des travaux, y compris le fraisage et la mise en œuvre de GNT, l’économie énergétique n’est plus que de 15%.

L’économie globale est de l’ordre de 6.3 millions de MJ.�
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Green gas emission assessment of recyclingGreen gas emission assessment of recycling

Émission GES par structure en CO2 équivalent (kg/m²)
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Présentateur�
Commentaires de présentation�
Idem pour les émission de G.E.S, la différence sur la totalité des travaux s’établit entre 26.67kg/m3 en base et 22.06 kg/m3 en variante recyclage, soit 17.3 %�
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Preliminary study in lab is essential

• Assess the sources : homogeneity RA
• Identification of components (on different sections and 

layers): binder content and residual properties, granularity of milling

• Formula of new mix with RA (rate of recycling, nature of 
bitumen or rejuvenator added, and aggregates)

• Performances must equal to those of new AC
• No new study if the rate of recycling is less than:

< 10% in wearing course
< 15 % in binder, base, sub base courses (researches, publications 

LCPC/USIRF)

• Traditional pavement design study 
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Maximum allowed percentage of RAP in HMA mix design 
requirements specific to mixtures containing RAP

Country

Maximum allowed percentage of RA 
in HMA for 

Use of 
equatio 

n 1 
and/or 

2

DRA ≤

 

D

Other mix 
design 
requirem 
entSurface 

course
Binder 

course Base course

Belgium 25 % 50 % x x x 1)

Denmark 30 % 30 % 100 %

France 40 % x
Germany 50 % 100 % x x x 2),3)

Hungary 10 % 20 % x x

Ireland 10 % 50 % 50 %

Poland 20 % 30 % x x x 2),3)

Portugal 10 % 50 % x x

Serbia Not specified

Slovenia not defined - x x 3)

Spain - 10 % – 50 % x 1)

Sweden 20 % 30 % Performance specifications
1) in Flanders, the proportion of bitumen originating from RA in the binder of RHM for base courses of roads is limited 
2) The virgin binder used in asphalt mixes with RA may be one grade to the lower viscosity than the usual suitable binder 
3) virgin binder should not be softer than 70/100
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Processes of recycling

• In practice:
– What limits? What rate of recycling?
– Binder : Penetrabilities, RBT, % asphaltènes?
– Technology and environmental limits :

• No sufficient homogeneity of mix,
• Consumption energy
• Fumes and streams emitted (toxicity)
• Equipments of mixing plant
• …

• Rejuvenator binder:
– large scale available, but low market and low 

development today, in the future?  
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Tendencies et evolutions
• “Recycling easy” with the use of WAM technique (already  

observe in the past, high workability due to residual water bring by RA)
• Recycling essential to respect the topics of sustainable 

development
• Steps today:

– Harmonization of practices in Europe (Direct Mat project)
– Writing a guide to recommend this technique by road administrators  : 

state of the art, practical advises, specifications, prescriptions,..
• Researches:

– Ageing accelerated, to predict and et anticipate the behaviors on field
– Recycling with high rate, reach near 100%
– Performances of binder after recycling : compatibility, homogeneity of 

mix (old and new binder), characterization,…
– Definition of de damage criteria on old AC, to fix the “level of 

recyclable”
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Conclusion 

• The recycling in plant of hot AC is a competitive solution 
in term of :
– Environment
– Technique
– Economy
– Energy
– Sustainable development

• But researches stay necessary to improve the whole 
performances of material, essentially on the prediction of 
ageing and performances, in medium and long time. 
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Don’t throw away four old roads
Reuse and recycle them ! 
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