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European Standard EN 13108-8

Some definitions:
* site-won asphalt :

> milled asphalt road layers
> slabs ripped up from asphalt pavements
> asphalt from reject or surplus production.

These materials will require assessment and often processing before being
suitable as a constituent material.

* reclaimed asphalt:

> Ready for use Asphalt constituent material, obtained after processing site-
won asphalt, :

Identification/Selection

Screening

Crushing

Blending
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RA identification (13108-8)

e When added to hot asphalt with a ratio of :

> less than 20 % in base and binder courses and

> less than 10 % in surface courses,

a_single sample per feedstock may be specified (whatever the size of the
feedstock).

 If one wants to use more %, more controls are necessary and
it's producer responsibility to choose the frequency (at least 5 tests per
feedstock):

X 500
Y 1000
Z 2000




Which controls ?

 Recovered aggregates: maximum size, grading

 Recovered Binder: content, penetration, softening point

Setie i Crts Penetration Ring and ball method
HRN EN 1426 HRN EN 1427
Bitumen [mm/10] “C
Bitumen extracted from the sample of milled asphalt 24 63,0
Fresh bitumen 50/70 61 48,6
Standard for 50/70 50-70 46 - 54

 Aggregate intrinsic properties (PSV) when used in
wearing course



RAP use : in short

In wearing course : usually maxi 20-30%

In binder or in base course: from 0 to 60% , usually
~30%

For all traffic types (high, medium or low) after
pavement design (stiffness modulus and fatigue)
Need special equipment for HAMPs:

> If less than 40%, few modifications: feedstock under shelter, special bin for RA,
conveyor belt, etc.

> if more than 40% in the mix, 2 parallel dryers



Formulation of Asphalt Mix with RAP
if
< 10 % in wearing courses
or
< 20% in base courses

» No specific study :

v 10% or 20% of virgin aggregates are replaced by the same RA percentage,
v correction of bitumen dosage
> Same performances than AC without RAP

> Contractor’s internal rules (should) demand to make a specific mix design
study for controlling all characteristics of the Asphalt Mix are met even at
low RAP ratios = it becomes a new formula



Formulation of Asphalt Mix with RAP
if
> 10% in wearing courses
or
> 20% in base courses

» Specific study

v Specific Additional binder (soft or hard)
v Mineral fractions mix adaptation

v High importance of a proper identification, and selection, of the RAP
stockpiles/origins :

* Binder type

* Aggregates type, quality, grading curve
v Every identified stockpile of RAP is a new constituent of the mix
v ...and must be properly stored/protected



RAP must be protected against rain and heat

Without shelter in %
With shelter in % 0,8 1,1 1,3 1 1,1
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RAP use in COLAS Group, World figures 2014

Year 2013 35152 821t 48507491 13,7 %
Year 2014 33414393 t 4921176t 14,7 %

Quantity and rate of reclaimed asphalt pavement .

5 MT o——@ » . 25 %

2 4w 20 %

: 2 MT 10 %

1 MT S %

o [ - - ] ox

I Rate of reclaimed pavement for the reuse of bitumen
I Millions of tons
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Asphalt Production
world figures
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e Ove of mons phants are oparoted and awned by the read administralion
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and/or plants with porollel drum,



RAP world figures

REUSE AND RECYCLING

RECYCLING IN 2014

L. — L | arsa in m' of [The omount of “anky™
hod reusa of existing | reheched |revsed)
- mebesicl st | dmveie ¢ o ot s
o8 wostabe Ghucid | ovielond | s el e, | R ey

Country i 2014 e HE‘--AE Cold Rucycling®  |Unbound Rood Layen l"'l"'--h “-uﬂmh'r .'l—ﬁr:l-uﬂ ".-lnal'-n';::ﬂ‘-
Austria 1.500.000 o dala o dako Mo doma Ma aaia Mo data Mo gafa
Balgium 1.500.000 o doia Mo datke Mo dofa i diia Mo dota Mo dafa
Czech Republic 1 400,000 i] 0 bl 20 [i] 24 178.400
Croatia 170,000 5 Mo dake 1% L] Mo data Mo gofia
Drenmeark: -1 300,000 1] ] 0 11 0 a5
Estonia Ma daoin ] P dabo Mo dioi iz dixia Mo data Mo dafia
Finlomd 1000000 i] i i} [i] o ] @243 000
Fronce 7 000,000 o doia o daio Mo don i dioia Mo doha o dofa G637 450 114700
Germany 10,900,000 i] i i} 10 o [4]

S T TS — 3 350,000 5 [i] 25 [4]

RAP total 20,000 % RAP 0 1 o [4]
15.000 H h Mo dosa Ma aaia Mo data Mo oafa &0000

n tons o daio used In Mo doma Mo daia Mo data Mo dara

] 285,000 Asphalt o ] 0
Metherlands 4 500,000 m |X 15 ] o] 15
Moreay EI7. 410 3 [-F] Q@ 4
Riomania 20,000 3] a5 25 5 5 [4]
Slowvakia 30000 i] 0 1 1 0 [4] 0000 7.500
Slowenia 40,000 0 i i} 75 o [4]
Spegin J70.000 2 3 0 ] 0 [4]
Sweden 1.200,000 5 5 5 10 o [4] £ 000,000 IH0.000
Switzerland 1.000,000 1o 1 2 33 o 2 il i}
Turkey 2 340,000 0 1] 24 0 [4]
Japan I data I+ daoa o dar Mo doa I diatag Mo data 1o dara
LS AL 6B 700000 Mo daia Mo dak Mo dota Ma data Mo data Mo dara
Omfario-Canada 2_B00.000 ] P dabo Mo dioi iz dixia Mo data Mo dafia

** Cold recycling includes stabilisation with bitumen emulsion, foamed bitumen and/or cement.
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| RAP addition systems in Hot Asphalt Mixing Plants




RAP content in Mix
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Continuous HAMP

The most popular techniques

Recycling ring
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Discontinuous HAMP

The most popular techniques
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Directly in the mixer : RAP maxi 40%

60% with bigger mixer+filter
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Very high RAP content > 60%

Second dryer dedicated to RAP

Mixing plants with 2 dryers
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Overview in France in 2013

300 HAMPs equipped for RAP use
Average possible recycling ratio 35 %

(3% moisture)

Only 3% of them can recycle more than 60%

Recycling technologies :

>

>

Recycling ring : the most frequent , continuous and
discontinuous

Introduction in the mixer : frequent for discontinuous

20



Some comments/recomendations

Consider how much RAP is available :

> Better (and safer) to make many tons with 20 % RAP
> Than few tons with 60% RAP

Influence of the binder from RAP :

> Little influence if RAP < 30% : use a normal new binder
> Always check the recovered binder from RAP : expert’s assessment for

defining the added binder, % of RAP, properties of the targeted asphalt mix

design
Always control the asphalt mix properties

High RAP content with one dryer : be careful with
overheating of the virgin aggregates

21



Examples of Mix design study

* Example 1 : Pardines

» Influence of the RAP pre-heating temperature
»  For 40% and 70% of RAP

* Example 2 : Motorway A54, Arles — Nimes

»  High modulus asphalt with 70% of RAP
> Influence of RAP binder characteristics

»  Control of site values versus lab study




Example study 1 : 40% and 70% of RAP :
Influence of RAP pre-heating temperature

Tests on the building site in Pardines, France RGRA | N°924 « décembre 2014 - janvier 2015
Master curve at 15 *C
AC 14 base course 50/70 150
AC 14 BC 50/70 R40 (cold RAP) 160

AC 14 BC 50/0 R40 (RAP at 101°C) 160
AC 14 BC 50/70 R40 (RAP at 134°C) 160
AC 14 BC 50/70 R70 (RAP at 130°C) 165
AC 14 BC 50/70 foamed R40 (RAP at 132

=

Modubkas [MPa)

120°C)
Irrl:'lll-I:l'l'l."n"I ll-:l. |
Main results Modulus Modulus
% voids Cd (MPa) 1I/C(%) %voids Cd(MPa) 1/C(%)
50/70 6.5 9489 92 8.9 7717 89
50/70 R40 (cold RAP) 4.6 12611 93 7.3 9983 90
50/70 R40 (RAP at 134°C) 4.7 15040 96 7 11013 96

50/70 foamed R40 (RAP at 120°C) 4.3 14259 92 6.4 11453 90




Example study 2 : High Modulus Asphalt
Binder characteristics for formula with 60 % of RAP

e Rules for mixes with > 40% of RAP : Binder study

»  Preliminary investigation (before milling) and identification

Penetration

Prélévements R&B
Sens Mimes - Arles 12320 6.6 2 68,2
Sens Arles - Nimes Sall RO 3 BE.5

» Laboratory study & trial productions

Liant 20/30

Essais SR Liant extrait des AE
Penetration  penetrabiité (1710 mm) 28 P:
R&B  TRA°C) RO,8 70,8
G*  G*15°C-10 Hz (MPa) 33 B4
Tableau 2

Caractérisfiques du liant neuf d"apport et du liant des AE
Characteristics of new binder added and of asphalt aggreqate hinder

~a

des valeurs
a15°C-1h Hz
(MPa)

48,5 a B
B0 2 88

Calcul dans I'hypothese
d'un melange parfait

18
(1
54
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Example study 2 : Motorway A54, Arles — Nimes, France :
Special study for High Modulus Asphalt with 60 % of RAP

Liants analyses Histoire thermique Penetration R&B G*, 10¢C,
RGRA I WNY220 = ayrl - ma 2014 e e mrmmn 15 Hz
AUTELRS Liant neuf d'apport 2030 8 61,4 i3

Xavier Carbonre: : : .
et ok Sarvics sl Liant extrait des AF —séchage 12 72.4 86

Carmpia powmrsThoug ot techraous (LT
Coles: @E théorique 18 67,6 57

F il Cosen b
¢ olre 4 ke big L W
e Eabrication laboratoire +1haNnoec 16 71,8 66
Frédéeis Gilend 4 framilats 2 20 o
IEll'_l"'.'I_'E:'_Il._:_hlhl::-r aRoim
EB 14 assise EB 14 assise EB 14 assise Spécifications
: 10/20 10020 10/20 EN 13108-1
Essais : _
Laboratory Site control Site control pour EME
study Plot A Plot B classe 2
Stiffness modulus V=37"% V=4,4% V=47% Vi=3%V,=6%
[NF EN 12697-26 Annexe A) 17 916 MPa 15 351MPa 15 130 MFa S 14 000
Fatigue V=38% V=46 % W = 3.99% Vi=3%V.=6%
(NF EN 12697-24 Annexe A) 137 134 137 £ 130 3
Tableau 8

Vérification des performances en module et fatigue sur les prélévements =t comparaison aux caractéristiques
déterminées a I'étude de formu ation

Checking modulus and fatigue perfermance on samples and comparison with characteristics

determined during mix design study
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Using RAP in hot, warm or cold asphalt mixes :

 |Is good for the Planet :
> Less GHG emission
> Less energy consumed
... saved from :
> Prime materials : extraction, processing, delivery
> Energy consumed, mainly for transport

 Is good for Investors :

> Less construction costs

> Sustainable cons

=__._=_ —_ y vﬂmﬂ _;.;'_l: _

Pty

--.,--i.v.——-—-d—"

v (proper) investments
v High level technical know-how
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