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WhatWhat isis Asphalt Recycling?Asphalt Recycling?

= Reclamation of Old Materials for
Re-use in Asphalt Pavements

Old Materials Old Materials meansmeans::
Asphalt RAPAsphalt RAP (EN 13108-8): reclaimed by milling of 
asphalt road layers, by crushing of slabs ripped up 
from asphalt pavements oror lumps from asphalt slabs
and asphalt from reject and surplus production

SecondarySecondary Materials:Materials: manufactured material that has 
already been used at least once (…typically for another
purpose)

Introduction
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ReRe--cyclingcycling andand ReRe--UseUse

ReRe--UseUse of Second. Material:of Second. Material:
Re-Use materials of nonnon--pavementpavement
originorigin in pavements (crushed building or
demolition waste, industrial & private waste)
Goal:Goal:

No linear No linear landfilllandfill:: use 100% to 
obtain equal or improved prop. & 
performance as with new material; 
sustainable
Repeated recycl. (perpetual re-use)

Roofing Shingles Tire Scrab

Recycling RAP:Recycling RAP:
Re-Use of old pavementpavement materialsmaterials in
new pavements

Goal:Goal:
NoNo downdown--cyclingcycling:: use 100% in 
same function w. same or
improved prop. & performance as 
„new“; sustainable, energy saving
Repeated recycl. (perpetual re-use)

Introduction
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Recycling RangeRecycling Range

RAPRAP
22ndnd MaterialsMaterials

Asphalt Pavements

Mixing Injection

Mix in Plant Mix in Place

Production:

Mixing:

SprayingPouring RollingPlacing:

Temperature: hot cold

Water permeable 
(open pores)

Water absorbent
(voids & pores)

Mastic Asph. 
Waterproof

Layer

Hot
Rolled
Asphalt

Asphalt Concr.
SMA Stone 

Mastic Asphalt 

Porous Asphalt Surface-
treatment,
Slurries

Structure:

Examples:

Dense

Recycling RangeRecycling Range

Introduction
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Swiss Recycling: Main Swiss Recycling: Main PrinciplesPrinciples

Promotion of Promotion of ClosedClosed LoopLoop MaterialMaterial CyclesCycles
Recycle for samesame material application, i.e. only recycled materials i.e. only recycled materials 
from roads shall refrom roads shall re--used for new roadsused for new roads, because

nature & composition of the material is known
material with already proven good mechanical properties

Recycle to highest possible qualityquality
More than 95M% mustmust be mineralicmineralic

Recycling with PrinciplePrinciple ofof PrecautionPrecaution
Avoid riskyrisky materials from the very beginning
Check technicaltechnical practicabilitypracticability of recycling early

No Problem No Problem ShiftingShifting
Don‘t recycle hazardoushazardous materials with future risks
No shiftshift from one media to another, e.g. air water

EconomicEconomic CostCost -- EcologicalEcological BenefitBenefit
EconomicallyEconomically & ecologicallyecologically reasonable (e.g. energy)

FOEN Federal Office for the Environment

Introduction
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EN Standards EN 13108EN Standards EN 13108--88
Bituminous mixtures — Material specific. — Part 8: Reclaimed asphalt

EN defines:EN defines:
Material prop. (asphalt, aggregates)
Binder type new mix (ex. PmB)

Reclaimed Asphalt is defined by:Reclaimed Asphalt is defined by:
Max. size of RAP particlesRAP particles U
Lower (d) & upper (D) aggregate sizesaggregate sizes in asphalt particles d/D

U RA d/D mmU RA d/D mm, e.g. 40 RA 0/8mm
Aggregate gradinggrading
Binder propertiesproperties (Softening Point and Penetration)
Binder contentcontent
Concentration of foreign mattersforeign matters Group 1 (cement concrete & mortar, 
bricks, metal, etc) & Group 2Group 2 (wood, plastics, synthetic materials; etc.):

Category F1F1: content of Group 1 11%-W and of Group 2 0,1%-W
Category F5F5: content of Group 1 55%-W and of Group 2 0.1%-W
Category FdecFdec: content & nature of all foreign matter declared.
““ContentContent““ meansmeans:: RemainsRemains inin twotwo 8mm8mm sievessieves ((EN12697EN12697--42)42)

EN does NOT define:EN does NOT define:
Mix design
Max. content of RAP (w. exceptions)

Introduction
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Hot Mix Asphalt Hot Mix Asphalt PavingPaving

ACAC

Manual Paving Machine-Paving

MAMA

TunnelTunnel

Recycling:Recycling: TarTar-Issues in EU, e.g. CH, DE, NL, BE

Hot Recycling
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TPMTPM (Total Particulate Matter)(Total Particulate Matter) FumeFume
Emissions vs. Temp (Lab Tests)Emissions vs. Temp (Lab Tests)

(M. Hugener EMPA)
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Bitumen 70/100 + Bitumen 70/100 + 
33 w%33 w% TB2000,TB2000,
EPA-PAH:5100mg/kg

Bitumen 70/100 + Bitumen 70/100 + 
3.3 w%3.3 w% TB2000,TB2000,
EPA-PAH:600mg/kg

FumeFume
GeneGene--
ratorrator

SamplingSampling

EPA:EPA: US Environmental Protection Agency
PAH:PAH: Polycyclic Aromatic Hydro-Carbonate

Hot Recycling
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MassMass FlowFlow & Emission & Emission 
Sources/LocationsSources/Locations

TPMTPM
EPAEPA--PAHPAH

5%5%
1010--20%20%

80%80%
5555--80%80%

15%15%
1010--25%25%

(M. Hugener EMPA)

Hot Recycling
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ReductionReduction ofof EmissionsEmissions atat PaverPaver
Use componentscomponents with low emissivity

MainMain componentscomponents::
Bitumen: low content of hazardous substances
Stones: in most cases inert

OtherOther componentscomponents::
Solvents: evaporates
Polymers: mostly no emissions (to be verified)
Tar: high concentration of PAH and Phenol

VaporVapor collectorscollectors and paverpaver covercover
RespectRespect work instructions and max. temperatures
HRA:HRA: if little tar (<20‘000ppm) temp <160°C ok
MasticMastic AsphaltAsphalt:: collect vapor, nono tar contamin.
Develop tech. processes to reduce workingworking temperaturtemperatur

Hot Recycling
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Low Temp
Recycling
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EnergyEnergy ConsumptionConsumption & CO& CO22
EmissionEmission
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Cold MixCold Mix
AsphaltAsphalt

<100<100°°CC
HalfHalf--WarmWarm

Mix AsphaltMix Asphalt

ca 130°C
Warm MixWarm Mix
AsphaltAsphalt

LEALEA®®

DryingDrying

VaporizationVaporization

HeatingHeating

220 240 260

Idealised Graph according to: F. Olard, C. Le Noan, E. Beduneau, A. Romier. „Low energy asphalts for sustainable road construction”
4. Congress Eurasphalt & Eurobitume, 21. – 23. Mai 2008, Kopenhagen)30

9
10
11

150150……180180°°CC
Hot MixHot Mix
AsphaltAsphalt

220220……250250°°CC
MasticMastic

AsphaltAsphalt

Remark: Only „direct Emissions“, i.e. w/o „indirect“ CO2 Emission from
Bitumen-, Mineral & Electricity-production (additional 22kg/t HMA*)

*) according to J. Schneider-Ammann, Infra Tagung 2009

Low Temp. Recy.
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HotHot--ColdCold RAP Recycling in Europe RAP Recycling in Europe 
((fromfrom EAPA 2007)EAPA 2007)

Total RAP in 17 European Countries: ca. 4545 miomio tt
(AT, BE, CZ, DK, FR, DE, IR, IT, LU, NL, NO, PT, RO, SL, ES, SE, CH)
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Low Temp. Recy.
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LU, NL, NO, PT, RO, SL, ES, SE, CH)

Low Temp. Recy.
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““GreenerGreener”” AsphaltAsphalt PavPav..

Warm:Warm: TempTemp--ReducingReducing AdditivesAdditives
WaxWax additives (reduction by 10..20°C)
RapeseedRapeseed--oiloil ester addit. (Place @100°C)

Lukewarm:Lukewarm: FoamFoam BitumenBitumen
Greater knowknow--howhow required
New testtest methods required
Problem: CoatingCoating of minerals
Waiting timetime until ready for traffic
Only for compactedcompacted asphalt

Cold:Cold: EmulsionsEmulsions
Complicated, greater knowknow--howhow required
Other testtest methods
Pav. thicknessthickness limited, to allow water disappear
Only for compactedcompacted asphalt
LogisticsLogistics (Water-Transport to construction site) 
ExpensiveExpensive

Promote HotHot ColdCold Recycling!

Water
(ca 4bar)

Air
(ca 3bar)

Bitumen
(ca 4bar, 160..180°C)

FoamedFoamed BitumenBitumen

Spray Nozzle

Expansion
Chamber

Conventional AC
AC with Wax

Temperature

Vi
sc

os
ity

Paving Temp

10°C

Service Temp.

100°C 180°C

(M. Hugener EMPA)

Low Temp. Recy.
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Applicationss
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RAP in RAP in SwitzerlandSwitzerland (FOEN  & SN 670141 )

Some Special Regulations:Some Special Regulations:
Re-Recycling must be possible
Do NOTNOT mix RAP with recycl. gravel/sand
Do NOTNOT use RAP with hydr. binder
Do NOTNOT use Concrete mat. w. bitum. binder
Do NOTNOT use RAP if in permanent contact w. 
ground water (min. distance required ca. 2m)
Do NOTNOT use RAP for drainage layers

NONOHydr Stabi
Use under 

Bound
Layer OK

Un-bound
Subbase

Possible
Use

Un-bound
Suface

NONOConcrete

NONOConcr. Pav.

Ideal Use
Asph. Surf. C
Asph. Base C
Asph.Subb.

Possible
UseBit Stab Subb.

RAPRecycl. Mat.
Hot [M-%]Cold [M-%]

50…8020…30AC Subbase
30…6015…25AC Base C.
20…3010…15AC Surface C.

RAP Content for AdmixtureMixture Type
DosageDosage (only valid for RAP Ø<35mm from Surface Courses): (SN670062)

Tar contaminated RAP:Tar contaminated RAP:
No Restriction if PAH in Binder <5000 ppm
Restricted if PAH in Binder 5000..20'000 ppm
(Dilute to 5000 ppm &  stay below MAK for BaP while construc.)

PAH Polycyclic Aromatic Hydro-Carbonate
MAK: Max. Tolerance of Canc. Mat. at Work
BaP: Benzo[a]pyrene

Applications CH
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UseUse ofof WaxWax
Fischer-Tropsch-Paraffin = aliphatic hydrocarbonate
w. high molecule mass (C40…C120) from cole or gas

From Wagner et al. 
ISAP2008
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Used in Zurich for MA on Bridges since 2004 and for AC since 2005 (positive positive forfor layerslayers
hot in hot = time hot in hot = time reductionreduction);); used in ZRH Airport; new focus: Roundabouts
Special points

Faster opening to traffic
Faster aging… use for dense courses
Overdosage may lead to problems
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CaseCase StudyStudy:: AirportAirport ZurichZurich
Runway 16/34Runway 16/34

RW 16/34, L=3700m
RW 16/34, L=3700m

S. Dünner & U.Stalder, Walo Bertschinger AG, Fachkolloquium ‘09, TBA Zürich

23 24 1 2 3 4 5 6
okok??

firstfirst landinglanding
@ T<30@ T<30°°CC

last last taketake--offoff

Delivery & 
Pre-Storage
of Asphalt
Installation
Preparation

Demolish old
Concrete
Runway

Install
13..23cm + 
12cm
ACT 32H

Install 10 + 
12cm
ACB 22H

Cooling + 
Cleaning up
50..77m new
Runway

after each 160m Runway milling of ACB  
and placing of 4cm SMA11c

0.75%

23m23m

4cm SAM114cm SAM11
6cm ACB 22H6cm ACB 22H
12cm ACT 32 H12cm ACT 32 H
13..23cm ACT 32H13..23cm ACT 32H

ACT and ACB
130..150°C
use of Fiber to avoid drainage
Binder with low viscosity

Applications CH
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CaseCase StudyStudy:: ColdCold RecyclRecycl. in . in ZurichZurich
Some Typical Subbases

U. Schellenberg, 
TBA Zürich

0..3 %-W
3..4.5 %-W

-
0..2 %-W
0..20 %-W

-
RAP

KMF (B) 
Foam Bit. 

0..3 %-W3..9 %-WHydraul. Bind.
--Foam Bitumen

3..5 %-W-Bit. Emuls. (60%)
0..2 %-W0..4 %-WAdded Water
0..20 %-W-Crushed Sand

-0..40 %-WAdded Mater.
RAPRAPBasic Mater.

KMF (B) 
Emulsion

KMF (H)

MicrocracksMicrocracks SurfaceSurface SurfaceSurface driesdries fasterfaster thanthan FoamFoam Bit.Bit.

Early Trials 2003: KMF32 (B) w. PC

ShiningShining SurfaceSurface of KMF32 (B) w. PCof KMF32 (B) w. PCEarly Trials 2003: KMF32 (B) w. Foam Bit.

Some Early Trials

AfterAfter CompactionCompaction

BeforeBefore CompactionCompaction

Applications CH
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CaseCase StudyStudy:: ColdCold RecyclRecycl. in . in ZurichZurich

StructureStructure A4:A4:

A4 West Peripheral of Zurich
„Knonaueramt“

>30MN/m2Subgrade ME1:
>22lower KMF(H)
18upper KMF(H)
1SAMI 8/11
8AC T 22 H
8AC B 22 H
3SMA 8

Thick. [cm]Materials

>30MN/m2Subgrade ME1:
20lower KMF(H)
18upper KMF(H)
1SAMI 6/11

15AC F 32 H
12AC T 32 H
3.5SMA 11

Thick. [cm]Materials
StructureStructure A3:A3:

A4A4
A3A3

A3 West Peripheral of Zurich
„Entlisberg“ - Use of „Egli“ Total-
Recycler (in Place)

ca. 40% RAP in KMF(H) from intermediate stock

U. Schellenberg, 
TBA Zürich

Applications CH
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StructuralStructural NumbersNumbers ComparisonComparison

U. Schellenberg, 
TBA Zürich

U. Schellenberg, TBA Zürich

Comparison Structural Number a (AASHTO 1986) for Subbase

Comparison of Structures T4 (300…1000ESALs/d), S2 (i.e. ME1=15...30 MN·m–2)

1 cm Cold Mix Subbase (KMF)=
1.1 cm Hydraulic Stabilized Subbase
2.7 cm Gravel
0.8 cm AC F Hot Mix Subbase

17 cm17 cm
HMAHMA

40cm
Gravel

AC 11 
ACT22
ACT22

57 cm

HMAHMA (AC)(AC) onon GravelGravel

13 cm13 cm
KMF(H)KMF(H) HydrHydr

AC 11 
ACT22

AC 11 
ACT22

AC 11 
ACT22

51 cm 50 cm 48 cm

HMA (AC) on Cold Mix Subbase and HMA (AC) on Cold Mix Subbase and GravelGravel

13 cm13 cm
HMAHMA

25cm
Gravel

25cm
Gravel

20cm
Gravel

12 cm12 cm
KMF(B) BitKMF(B) Bit 88 cmcm KMF(H)KMF(H)

7 cm 7 cm KMF(B)KMF(B)

13 cm13 cm
HMAHMA

13 cm13 cm
HMAHMA

KMF (H) must be KMH (B) may be under membrane, e.g. SAMI

Applications CH
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Conclusions
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ConclusionsConclusions

RAP introduces many newnew parametersparameters into an already complex
system, that we must learn to manage

Reduce diversity of RAP and homogenizehomogenize as much as 
possible in order to improve quality and fascilitate logistics

Improve design, engineering and production of RAP 
learn to upup--gradegrade RAPRAP to the highest technical and 
economically feasible level before using it (pre-processing)
Improve chemo-physical understandingunderstanding, characterization & 
modeling of the RAP in the pavement (materials technology)

LowLow temperaturetemperature recycling is the most sustainable way to go, 
but there are challenges regarding

production and placingplacing
performanceperformance, durabilitydurability (aging, moisture)

Conclusions
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ThankThank YouYou
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+

Pl/113/’0930

M.N. Partl: ISAP-APE Workshop ‘09, Qingdao 

Mater ials Sci ence & Technolog y

Annex


