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Introduction

£-AFA“GE » Recycling becomes a major challenge for the asphalt
industry in the 215t century
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% » Economical: Important saving of raw materials (bitumen &

v 7 aggregates) and landfills cost

p” v

Z . » Ecological: CO, emissions reduction, raw materials preservation,
€ ENTPE landfills preservation

(&)

< » Social: Contribute to the creation of a positive image of the asphalt
2 industry as leader in the recycling of waste materials

-l

< » Several recycled materials used in the asphalt
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UNIV=RSITZ D= LYON Recycling’s Report Card
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N Asphalt pavement E#"_#m

Scrap steel 70.0

Paper / paperboard ] 34.¢

Compost ]12.1

Metals _:| 6.5

Concrete pavement [7] 3.3
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Glass []2.9

Plastics [] 1.1

0 10 20 30 40 50 60 70 80 a0
source www.AsphaltAlliance.com (million tons) 02/01/2013 3




Introduction

£AFARGE
Hot Mix Asphalt

Bltumen 4 to 7%1‘1 mass

L 40 to 65% . the cost
Neat or modified |_l_[
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ponvode = Aggregates 93 to 96%in mass

| oo .. 25 to 45% g§f the cost
Stone, sand and filler ok R
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En e rgy 10 to 15% of the cost

Drying and heating
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Introduction
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Fraisage en relevage
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RAP: Reclaimed Asphalt Pavement

Fraisage en| piochane

RAP

Roofing Asphalt Shingles

20 to 30%
Bitumen

3

55 to 65%
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Lafarge Western Canada — Project ASM&RAP
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Introductlon

Lafarge Western Canada — Project ASM&RAP
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Introduction

Objectives of the research

»Contribute to the understanding of the behaviour of asphalt
mixes with high rates of recycled materials (ASM & RAP)

»Propose a simple mix design procedure based on the
findings of the performance approach

»|dentify technical solutions to address potential
performance issues related to mixes with high recycling rates

02/01/2013 8
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Research Methodology
Mix design approach

»A Control Mix using virgin materials was designed using the
Superpave Mix Design Method (NMAS = 12.5)

»Experimental mixes with RAP and ASM were designed using
the Superpave Gyratory compactor (4% air void)

»Two types of ASM were used: Fiberglass (G) and Cellulose
fibres (C) shingles

»One Straight run asphalt binder (PG 58-28) used in the first
part of the research (content 5.18%)

02/01/2013 9
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Research Methodology

Tested experimental materials

25RAP-10C
20RAP-7C
15RAP-5C
15RAP-3C

25RAP-10G

20RAP-7G
15RAP-5G
15RAP-3G

15RAP

0] 5 10 15 20 25 30

Percentage of recycled materials

B RAP @ ASM-Fiberglass @ ASM-Cellulose I
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Research Methodology
£.AFARGE

Experimental approaches
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Photo of the LCPC slabs’ compactor
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r Research Methodology

Experimental approaches
Rutting test
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Photo of the LCPC rutting test
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Research Methodology

Experimental approaches
TSRST, Fatigue & E*

Load cell

‘Temperatur

Upper cap

Specimen

Controlled —
chamber

Piston

Target for
Non contact
sensor

PT 100 temperature
probe
o Extensometer
Non-contact
sensor
Lower ca
1. p

Schematic presentation of the fatigue

and complex modulus test setup
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Experimental Results
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g Rutting — rut depth ratio at 60°C — 30 000 cycles
2 10 PG 58-28
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Control 15RAP 15RAP- 15RAP- 25RAP- 15RAP- 15RAP- 25RAP-
Mix 3G 5G 10G 3C 5C 10C

» Excellent resistant to rutting of all experimental mixes
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Experimental Results
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g Moisture resistance -TSR at 25°C
£ PG 58-28
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» Moisture resistance criterion TSR may be affected at high
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Experimental Results
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g Moisture resistance -Tensile strength 25°C
o
£ PG 58-28
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» Tensile strength of RAP&ASM mixes is generally higher
than that of the control mix = Validity of the TRS criteriorw’?17
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Experimental Results
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g Complex modulus — E* at -30°C & 10 Hz
£ PG 58-28
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»Similar stiffness values at low temperatures
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Experimental Results
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g Complex modulus — E* at 20°C & 10 Hz

£ PG 58-28
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»Higher stiffness values of experimental mixes at pavement
design temperature
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Experimental Results
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g Complex Modulus — E*/Sin (@) at 40°C & 1 Hz
£ PG 58-28

[<}) i—

o : 500

ry

o 450

= ENTPE

S 400

[<})

g g. 350

3 ® 300

E & 250

2 . E

t\m?\rfzdleaswé D= LyoN E 200 1 165

| s — 150

= 100

N

.-5, 50

E 0 1 I I I I I 1
3 Control 15RAP 15RAP-3G 15RAP-5G 15RAP-3C 15RAP-5C

Mix
»Higher rutting index of experimental mixes at high
temperature — Confirmed by rutting tests
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r Experimental Results

Fatigue resistance — &; values
PG 58-28

7// 120 -

ENTPE

100 -

80
. 60
Membre de ’i
Uva RSIT_ D= LyoN
3 40
20
0

Control 15RAP 15RAP- 15RAP 20RAP- 15RAP- 15RAP
Mix

ty of Lafarge Centre de Recherche

86(1 0° mm/mm)

Copyright 200

»Higher resistance to fatlgue based on the classical fatlgue

criterion &
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Experimental Results
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Low temperature cracking — TSRST
PG 58-28
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»Similar cracking temperatures below 15% RAP & 5% ASM
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»Risk of premature thermal cracking beyond theseozllgm)ilgs‘ -




Experimental Results

g Low temperature cracking — TSRST
£ PG 58-28 & PG 58-34
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»The use of a softer binder enhances significantly the
resistance to thermal cracking
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Experimental Results

g Rutting — rut depth ratio at 60°C — 30 000 cycles
£ PG 58-28 & PG 58-34
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»The rutting values of RAP&ASM mixes with a softer binder
are excellent
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Conclusions

»Recycling is a major social, economical and ecological
necessity

»The behaviour of recycled mixes is comparable or better
than that of mixes prepared with virgin materials when
adapted mix design approach is used

»Mixes with up to 15% RAP + 5% ASM showed good
behaviour and performance

»Mixes with higher rates should be modified to address
potential low temperature cracking or moisture resistance
Issues

»The use of a softer binder enhanced significantly the low
temperature cranking resistance
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