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Main objectives @ siorepavation

« Towards a more environmentally
friendly pavement

— Save natural resources
* virgin petroleum bitumen
* virgin aggregate from quarries

Increase recycling rate
rate targeted : 50 — 70 %

Take most advantages from
the old brittle bitumen
remaining from reclaim
materials

At least: same level of quality in comparison to conventional technics



PFO] eCt O Utl | ne ‘ BioRePavation

« Evaluation of 3 alternative bio-materials designed to help recycling

(rejuvenators - full replacement)
« Comparison with conventional high performances mix (EME)

Epoxidized methyl soyate

* Technical assessment  Environmental assessment
* Demonstrator: IFSTTAR accelerated e Life cycle assessment
pavement testing facility * Fume emission measurements

*  Distress mechanism monitoring
* |nnovative non-destructive method




lab and full-scale validation

* A new type of base course mix has been designed : GB5 type mix (50 %
RAP and 70% RAP) using aggregate packing concept (by maximizing
their interlock)

100 T TTIH
— Designed according to: = Mix|
N o Mix2
o Aggregate availability on the plant 80 M i
o Lab studies of blends with virgin binder and recovered RAP +EME2
binder in order to determine optimal dosage = 60 [~ ~Theoretical
2N
=
« Main mix properties: &
* Very dense mix -
» High modulus with a relatively equivalent « soft binder » | gt
* Low binder content 4.5% ﬁa:r;
0
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| Fraction | 10-14mm | 0-2mm |  Filler | 8-12mmRAP 0-8mm RAP Added Binder

MIX1: 0.1%BM1+2.7%FB
% 37.2 7.7 2.3 34 16 2.8 MIX2: 2.8%BM2
MIX3: 0.1%BM3+2.7%FB




lab and full-scale validation

F|eld materials Evolution of cracking
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—>possible to produce, in plant, these materials with high RAP content and biobinders or bio-additives

—>Moderate performances in lab but high performance at full scale in comparison to the conventional mix



HSE evaluation (fume emission)
Motivation

Field studies NO relevant effects

Organic emissions

during construction

generated by
asphalt mix

Laboratory
studies

Laboratory

Fumes generated _
studies

by bitumen Fume potential
Emission of mix in
controlled

environment

Fumes generated

by asphalt mix
Unrepresentative of ASPHALT

FUMES



IFSTTAR experimental method

Objective
Environmental Assessement and ranking of bituminous mixes in lab

Functions

- Generate fumes
- Collect / Sample
- Analyse

Fe

0 anmisers (1

Parameters studied

L .i .
- Formula &
- Binder
- Process




Composition of bituminous fumes

Hot Mix Asphalt HMA
Manufacturing

|

Fumes
Particles Gas
Inorganic Organic : Volatile & Semi-volatile - TOCe
Particles Aerosol Compounds : VOC & SVOC

Benzene Soluble Matter
BSM

PAH

particle

Other organic
compounds

Compounds emitted in
our laboratory
conditions

PAH

gas




Sampling protocol

Continous TOC assessment

<
4 min
M .
4 min
m M

4 min

l/\\ 10 min

4 min

7\

Sequenced mixing procedure

Tem pS



Formula studied

Fresh
Formula Name Mix RA Fresh Binder Additive Manufacturing
content (%) |  binder content | content (%) | temperature (°C)
(%)
Control EME A 20 20/30 4.8 - 175
120
MIX2 B 50 Biophalt 2.8 - 150
180
120
BioRepavation MIX1 C 50 50/70 2.7 0.1 150
180
120
MIX3 D 50 50/70 2.7 0.1 150

180




Experimental program (emperatures)

tempz/'rz‘ti:rge - 120 150 180
M| g ()| (0 | ()| (0 |ocgegme (01| (o) |BTeEr O
A (EME) - - - - 195 120 170
B (MIX2) 120 120 200 120 230 130 130
C (MIX1) 120 120 200 120 230 130 150
D (MIX3) 120 120 200 120 230 130 150




To CS Results : EMF'émission de COTE en fonction du temps
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TOCs Results : MIX3 (mix1 similar)

COTE (mg d'eq C/m3/kg de hitume)
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TOCs Results : MIX2
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Temperature influence on fume
Regeneration versus conventional mix

Mix C Manufacturing temperature (°C)

Mix D Manufacturing temperature (°C)
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Temperature influence on fume
full replacement versus conventional mix
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(lower TOC max and Cum mass is equal at 150°C)




Conclusions

It is possible to manufacture (in conventional asphalt plant) and also to lay (at full
scale) a road material with 50% of RA while reducing the amount of fresh bitumen
(up to full replacement)

— Durability: the 3 innovative materials behave better that the reference one which
is largely used in Europe for base courses

Measurements of fume emissions were performed on bituminous materials to
characterize total organic compounds generated by asphalt material

— Strong link between bituminous material composition and their emission
potential

— At the usual manufacturing temperature, 160°C, no additional fumes on mix with

rejuvenators (MIX 1 and 3) are observed in comparison to the reference mix
(EME)

— Concerning mix with full binder replacement (Mix 2), the best emission
performance in comparison to reference mix (EME) is below 150°C.
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non-destructive in-situ evaluation and binder tests)
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cycle and risk assessment, and binder tests)
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lab and full-scale validation
high performance in comparison to the conventional mix

* Low rutting level

« After 1 million cycles: no cracks on the innovative materials, some
cracks on the reference material (High modulus mix — EME)

« After 1.8 million equivalent loadings at 65 kN, no cracks on two
innovative materials, 10% on one innovative material, 27% on the
reference EME

» Results confirmed by FWD measurements and in-situ micro-sampling
and testing

Evolution of cracking
30
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