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DIARY
6 DECEMBER • Feedback seminar on the Predic mobilletic project
IFSTTAR and the Department of the General Commissioner for 
Sustainable Development (CGDD/DRI/Research department) of  
the French Ministry for Environment, Energy and the Sea will 
organise a half-day meeting dedicated to the use of ticketing data.
http://www.gart.org/evenement/seminaire-de-restitution-projet-predic-
mobilletic

7-9 DECEMBER • IFAC2016
The first IFAC conference on Cyber-Physical & Human-Systems 
(CPHS 2016) will be held in Florianopolis, Brazil.
http://www.cphs2016.org

7 FEBRUARY • “Challenges and alternatives in urban  
environments?” 
Rencontres des Savoirs (“Knowledge encounters”) Conference cycle 
District composts in Lyon
http://www.ville-bron.fr/editorial.php?Rub=644

21 FEBRUARY • Seminar of the GRETS group (research  
group on Energy, Technology and Society) 
Revisiting the analysis of social inequalities in terms of access  
to the city – Thoughts about the use of accessibility indicators.  
Caroline GALLEZ, LVMT-IFSTTAR, ENPC-UPEM
http://calenda.org/381500

IN BRIEF
ENTRETIENS JACQUES CARTIER 2016
THEME: HUMAN FACTORS, ON BOARD AND DIGITAL
TECHNOLOGIES: WHAT ROLE CAN THEY HAVE 
IN ROAD SAFETY POLICIES?

The next edition of the Road Sa-
fety colloquium organised as part 
of the Entretiens Jacques Cartier 
encounters will be held at the Cité 
des mobilités in Bron, France on 

22 and 23 November 2016. Researchers, industrialists, public autho-
rities, insurers and various NGOs will report on their work and views on 
the controversial road safety questions raised by automated driving. 
The colloquium’s purpose will thus be two-fold: first to take stock on 
the consideration given to human factors in driver assistance systems 
and in automated driving; in a second stage the focus will be on the 
“objectives” and “support” aspects of these developments for and by 
road safety policies. All these developments indeed already raise many 
questions as to their performances (in terms of reliability and efficiency 
in reducing accidentality) and acceptability, their dissemination and 
eventually their actual use. Mostly these questions revolve around how 
human factors are taken into account, as much in the designing of the 
tools as in their potential use, in particular with regard to road safety 
policies: which tools should be pushed and with what results to be 
expected?
Some one hundred people are expected to attend this international 
French-speaking colloquium co-organised by France (IFSTTAR, Cere-
ma, DSCR), Quebec (SAAQ, RRSR, Université Sherbrooke) and Bel-
gium (Bruxelles Mobilité, AWSR).

  More informations: http://www.centrejacquescartier.com/ 
les-entretiens/details/entretien/2-jours-facteurs-humains- 
technologies-embarquees-et-numeriques
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1. Michèle Pappalardo (Vivapolis network facilitator,  
former director of Ademe), Philippe Tchamitchian  
(chairman of the Paris-Est university community),  
Jacques Tavernier (chairman of USIRF and of IFSTTAR’s  
Board of directors) and Henri Van Damme (visiting  
professor at MIT, former scientific director of IFSTTAR).
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news

Les Décennies  
de l’Ifsttar “Crowning” 
moment in Île-de-France
After Nantes, Lyon, Marseilles and Salon-de-Provence in the fall of 2015, and then 
Lille in the spring of 2016, late September the two sites of Versailles-Satory and 
Champs-sur-Marne in the Paris region hosted the last event of the “Les Décennies  
de l’Ifsttar” cycle and gathered over 200 participants.

On 22 and 23 September, the 
two Paris region sites of the Insti-
tute hosted “Aujourd’hui l’Ifsttar” 
(“Today IFSTTAR”), the culmina-
ting event of the “Les Décennies 
de l’Ifsttar” cycle launched a year 
earlier to celebrate the 40 years’ 
anniversary of the Nantes-based 
site, the 50 years of research on road safety in 
the two centres of the South-East region, the 20 
years of the Rhone region Registry of road acci-
dent victims in Lyon... and the 30 years of trans-
port research in Lille. “After these emblematic 
anniversaries, we wish like to focus on the future 
by showcasing the solutions currently being 
explored in the fields of expertise of IFSTTAR’s 
sites in the Paris region”, said Claire Sallenave, 
deputy director of the site in Champs-sur-Marne 
(77), who marshalled the whole cycle.
The highlight of this ultimate event was the official 
opening of the Bienvenüe building in Champs-
sur-Marne, a genuine flagship for IFSTTAR that 
now welcomes its head office with 400 of its 

agents. Nested inside the Paris-Est 
university community, Bienvenüe is 
a 40,000 m² low-consumption buil-
ding, certified for its high environ-
mental quality and boasting labo-
ratories unique in Europe. Another 
memorable part of this event was 
the lecture on the Sustainable City 

with IFSTTAR’s managing director surrounded 
by philosopher Raphaël Enthoven and other 
renowned experts1. 
The aim was also to discuss the current research 
tracks and potential development avenues 
explored by the scientists of IFSTTAR’s sites in 
Versailles-Satory and Champs-sur-Marne. Many 
round tables were thus held on topics as diverse 
as women in the city, citizens’ involvement in the 
development of transport systems, new materials 
and their imaging techniques, climate change 
and natural hazards, cycling, challenges related 
to the sub-soil in the Greater Paris... or Big Data. 
“As many fascinating topics that spurred thought-
provoking discussions with some sixty speakers 
from various backgrounds and nationalities”.
Finally, on 23 September both sites opened to 
the public. These visits were much appreciated 
by the public who were thus able to talk with re-
searchers about their work and discover many 
equipments. “At the end of the day, as the first 
cycle of events spanning all of our sites since 
our Institute’s creation in 2011, these “Décen-
nies” proved a real success, further testifying to 
IFSTTAR’s recognition today.”

“TOGETHER OUR AIM  
IS TO BUILD UP  
A GENUINE COMPETENCE 
CLUSTER WITH A GLOBAL 
VISION ON SUSTAINABLE 
CITIES AND MOBILITY  
FOR TOMORROW” 
HÉLÈNE JACQUOT-GUIMBAL, 
Managing Director  
of IFSTTAR

Can a City be sustainable? 
What mobility to serve 
sustainable cities?
(session facilitated by Francis Demoz, journalist)

As many questions which our guests 
tried to address: Raphaël Enthoven, 
philosopher; Hélène Jacquot-Guimbal, 
Managing Director of IFSTTAR; 
Philippe Tchamitchian, Chairman  
of the Paris-Est university 
community; Michèle Pappalardo, 
facilitator of the Vivapolis network 
and former director of ADEME; 
Jacques Tavernier, chairman  
of USIRF and of IFSTTAR’s Board  
of Directors ; Henri Van Damme, 
guest professor at MIT, former 
scientific director of IFSTTAR.

Inauguration of the Bienvenüe building  
by Philippe Tchamitchian (Chairman  
of the Paris-Est university community),  
Laurence Monnoyer-Smith (General Commissioner  
for Sustainable Development) and Jean-Philippe Pargade, 
architect of the building (Pargade Architectes).



Bridges and troubled waters
The SSHEAR project is aimed at improving our insight into scouring, an erosion phenomenon  
which jeopardises bridge piers.

If you are not a geotechnician, nor a 
specialist of engineered structures, you 
probably don’t know what a “scour” is 
all about. This erosion phenomenon 
affecting sediments in a waterway in 
the vicinity of obstacles (riverbanks, 

bridge piers, etc.) may however prove 
quite dangerous for bridges and other 
engineered structures. It will happen – 
in particular during major floods – that 
such erosion may lay bare the founda-
tions under the sediments, causing the 
bridge pier to lose part of its load-bea-
ring capacity, and thus compromise 
the structure’s behaviour. In 2007, a 
bridge thus collapsed in the Reunion 
Island.
The SSHEAR project, conducted joint-
ly with Cerema (Centre for studies and 
expertise on risks, the environment, 
mobility, and urban and county plan-
ning), aims to get a better insight into 
scouring. “It is a complex phenome-
non, which depends both on the type 
of obstacle, the conditions of flow of the 
respective watercourse and the very 
nature of soils and sediments,” points 
out Christophe Chevalier, director of 

the Soils, Rocks and Geotechnical 
Structures laboratory at the Champs-
sur-Marne site of IFSTTAR. 
Initiated early 2015 for a scheduled 
four-year period, SSHEAR has been 
endowed with a 800,000 euro budget 
by ANR, the French National Research 
Agency. With the help of management 
companies involved in the project 
(SNCF network and Cofiroute), it bene-
fits from the study of a number of trial 
sites which will be instrumented, some 
of which will be replicated at smaller 
scale in laboratories, and eventually be 
digitally modelled. “Beyond unders-
tanding the phenomena involved, we 
wish to help the managers of such 
structures by producing a practical 
handbook” concluded the researcher.

  Christophe Chevalier 
christophe.chevalier@ifsttar.fr

Testing ever greener roads
In Nantes, IFSTTAR is testing roadways based on recycled 
and “biosourced” materials.

Our roads are not the most environmentally-friendly products. The 
stones accounting for 95% of the road surface are extracted from 
quarries, sometimes under conditions rather harmful to the envi-
ronment. As for the binder, called asphalt by the researchers (whe-
reas in ordinary parlance this word covers both the binder and the 
stones, i.e. the asphalt mix), it is a mix of hydrocarbons, therefore 
non-renewable.
For pavements to be more sustainable, one needs both to design 
“biosourced” binders, derived from waste or biomass, and to use 
recycled materials in lieu of stones. This is precisely the aim of the 
Biorepavation project steered by IFSTTAR with 5 other European, 
and American, partners from the industry and public research. Eu-
rope has committed 1.3 million euros to this project.
“In Nantes, we conduct full-scale trials of innovative pavements with 
our «fatigue carrousel» says Emmanuel Chailleux, a researcher at 
the Advanced Materials for Transportation Infrastructure laboratory, 
in Nantes. This carrousel is made up of four arms at the end of 
which truck wheels have been mounted so as to run them on cir-
cular tracks. Over one to two months we manage to simulate the 
equivalent of ten years of truck traffic”. The carrousel pavement is 
equipped with many sensors to provide an insight into what it is 

exposed to (in terms of deformation, temperature, humidity, etc.).
Three innovative solutions based on bio-sourced materials and 
recycled aggregates are thus going to be experimented in parallel. 
Some of them are almost ready to be made commercially available 
whereas others are still in the earlier stages. The outcomes are ex-
pected to be released end of 2018.

  Emmanuel Chailleux 
emmanuel.chailleux@ifsttar.fr
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Virolo+ +  
taking a new turn
For three and a half years, researchers will 
study how motorbikes “corner”.

In France, every year the bikers’ 
community counts as many as 
200 casualties following acci-
dents around a bend without any 
other identified third parties. “In a 

car you just need to turn the steering wheel to drive 
into a bend, explains Stéphane Espié from the 
Transport, Health and Safety department (TS2). 
But a motorbike is not as easy to control as it is 
almost impossible to alter the trajectory once you 
are in the bend”. Besides, every biker has his ri-
ding style: “To initiate a turn on a bike there are 
two possibilities, – either countersteer or use one’s 
body – and scores of intermediate options. The-
refore noone really knows how a biker rides into 
a corner”. Professional bikers themselves are not 
always aware of their own motions and gestures.
Hence Virolo ++. This project was launched at the 
beginning of 2016 with as its first aim to enable 
instructors to visualise on their tablets the exact 
trajectory of a motorbike in a bend, within 10 cm 
accuracy. “To start with we equipped a motorbike 
with 20,000 euros’ worth of sensors, although 
by the end of the study it will be necessary to 
achieve the same degree of accuracy for 500 eu-
ros”. Besides, using a motorbike equipped with 
60,000 euros’ worth of sensors, notably pressure 
sensors, the research team will for the first time 
be able to analyse and model the way bikers “cor-
ner”. Amongst other things this will help devise 
riding aids, in particular for beginners.

  Stéphane Espié 
stephane.espie@ifsttar.fr

Improving  
the opérations  
at Paris - Charles  
de Gaulle airport
With the AWACS project, IFSTTAR 
analyses bottleneck issues  
on the runways of the Paris airport.

Since October 2015, the Grettia laboratory (Enginee-
ring of Surface Transportation networks and Advanced 
Computing laboratory) has been combing through 
the CDG airport’s massive databases. The aim is to 
optimise the use of airport platforms with a view to 
increasing traffic. “In the next fifteen years, air trans-
port should increase by 5 % per annum”, says Latifa 
Oukhellou of Grettia. For three years, the AWACS pro-
ject will seek to propose aid-to-decision making tools 
to improve the platform’s operations while embracing 
security issues in the same breath. The idea is to bet-
ter identify the determinants of capacity, congestion 
areas, and in particular based on aircraft trajectory. 
“Using the data collected by the radar antennae we 
track the trajectories of objects moving on the tarmac, 
she continues. Processing these large amounts of 
data requires developing innovative statistical lear-
ning algorithms”. The data analysed span a whole 
year, which should allow them to identify not only the 
areas but also the time of day and periodicity or sea-
sonality of the most critical problems. “Our analysis 
will then be converted into 3D visualisation to provide 
CDG airport with an aid-to-decision tool.” Also taking 
part in this project are SMEs Safety Line and CEFA 
Aviation, and on the public side partners UPMC-LIP6 
(the Paris-6 university IT lab) and Groupe ADP (Paris 
airports group).

   Latifa Oukhellou 
latifa.oukhellou@ifsttar.fr 
or Étienne Côme 
etienne.come@ifsttar.fr
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IFSTTAR wants to be more visible 
and better heard in Brussels
Interview with Odile Arbeit de Chalendar, IFSTTAR correspondent  
(since May 2016) with the Brussels-based Club of Associated Research 
Organisations (CLORA), acting as a gateway between French public 
research and European institutions.

What is CLORA?
CLORA was established twen-
ty-five years ago to facilitate 
the action of French public 
research players with European 
institutions; it is an exchange 
platform with 32 members, 
such as public research bodies 
and representatives of French 
universities. IFSTTAR is part of 
the first circle of 10 members1  
who have a physical represen-
tation in Brussels. Among the 
22 associate members, there 
are Ademe and BRGM with 
which the Institute is closely re-
lated. Sharing the same offices 
allows them to exchange infor-
mation, develop partnerships, 
host visiting researchers, etc. 
All European countries have 
this type of representative orga-
nization.

1. CNRS, CEA, CPU, Ifremer, Inria, Inserm, 
Inra, Onera, IRD.

 
  http://www.clora.eu/fr/accueil

IFSTTAR IS ALREADY 
ACKNOWLEDGED AS A 
VERY ACTIVE RESEARCH
ORGANISATION IN EUROPE.
IS THERE ANYTHING 
SPECIAL THAT WOULD NEED 
IMPROVING?

French participation in the H2020 
community programme is quite signi-
ficant, in particular for mobility-rela-
ted projects such as those IFSTTAR is 
involved in, which knows a high suc-
cess ratio of its proposals. However, 
our cross-disciplinary approach and 
its strong component of human and 
social sciences (such as in R5G, Rai-
lenium or Sense-City) would deserve 
to be better known. One of my mis-

sions is to showcase these strengths 
and our strategic research areas, for 
instance by reinforcing the relations 
between IFSTTAR and the European 
Commission. Our achievements, par-
ticularly in the field of mobility, the 
environment or urban areas should 
also be better publicised for their 
potential contribution to European 
public policies.

THIS STRATEGIC POSITION 
IN BRUSSELS ENABLES YOU 
TO HELP RESEARCHERS 
SUBMIT THEIR PROJECTS. 
HOW EXACTLY?

I encourage them to call on me, in 
order to benefit from my European 
experience and network. I can put 
them in touch with the right people 
or proofread their projects. Resear-
chers know that for the project-eva-
luators and the Commission, impact 
(societal, environmental, economic) 
is primordial. Between two projects of 
equal excellence, whichever one has 
the best impact scoring will come out 
on top.

YOUR THIRD MISSION 
IS ABOUT STRATEGIC 
INTELLIGENCE. HOW DO YOU 
COMMUNICATE?

I draft documents, strategic memos 
and a newsletter available on the 
intranet of DAEI (Directorate for Eu-
ropean and international affairs). For 
instance, that’s the way I explained 
how the Commission went about 
evolving European legislations and 
how important it is to take part in 
such consultations, whether to advo-
cate one’s point of view or to make 
oneself known so that you may later 
be called upon to take part in wor-
king groups.
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ECOMATERIALS  
CONSTRUCTIVE PROMISES
In the construction of infrastructures or buildings, 
like everywhere else, the stated objectives are all 
about reducing CO2 emissions, using renewable 
materials, recycling and sustainability.  
In all of these areas, IFSTTAR’s researchers  
of the MAST (Materials and Structures) department 
are on the front line.
Both economical and sustainable, concrete is the world’s most widely used 
manufactured industrial product. Its consumption is ten times higher than that of oil: 
300 kg per inhabitant every year in industrialised countries, and even three to five 
times more in developing countries, where consumption keeps rising. Its worldwide 
GHG emissions, mostly due to energy-greedy cement manufacturing, are estimated 
to lie between 5 and 9 %. How can this binder be replaced by other materials, for 
instance recycled aggregates, how to optimise its use, or even to drastically change 
the chemistry of concrete? How to assess the ageing of plant-based concretes? 
Following are a few solutions.

Ultra-high performance fibre-reinforced concrete 
(UHPFRC) gangway made of glass waste powder 
by the Sherbrooke university in Canada.
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Use of hemp concrete for thermal insulation of timber frame

One of the great benefits of concrete 
is its ability to match all shapes and 
then to set spontaneously. It is truly 
just like rock in liquid form, with 70% 
of aggregates (from gravel to sand) 
and cement, a mineral binder that 
reacts in the presence of water to 
provide for their cohesion. Cement 
is obtained by way of a high-tempe-
rature reaction of limestone with clay 
(20 % approx.), sources of calcium 
oxides, silica, alumina and other iron 
oxides. The mechanical properties of 
the concrete depend on the resulting 
“clinker”, the finer it is crushed the 
better it will react to water. Cement is 
made up of this clinker, gypsum and 
secondary constituents that are ad-
ded in, such as industry by-products 
(slag from blast furnaces, fly ash from 
thermal power plants) which provide 
for its setting.

The chemistry of silica,  
a key to tomorrow’s binders
A lot of research is aimed at redu-
cing the quantity of clinker in ce-
ment. “For the time being, our prime 
objective is to increase the share of 
industrial by-products, from 30 % 
today to 70 or 80 %”, explains Nico-
las Roussel, head of research at the 
Navier laboratory1 . This would allow 
reducing GHG emissions without 
compromising concrete setting and 
while remaining within standard for-
mulations. But these resources will 
become insufficient within less than 
twenty years from now. “Then, one of 
the most promising solutions would 
consist in drastically changing the 
chemical composition of concrete, 
he suggests, by turning to silica 
oxides derived from clays to be found 
where the needs are the biggest, that 
is India, China, South America and 
Africa. One may thus achieve 60 to 
70 % reduction of cement manu-
facturing-related emissions. We are 
currently studying two fundamental 
options: the first consists in conver-
ting clay into mineral polymers (or 
alkali-activated binders) made up 
of chains of silicon, sodium, alumi-
nium and calcium, which are more 
reactive than the currently used clin-
ker. The second option would be to 
increase the ratio of clay in the clin-

A GREENER CONCRETE, IN MANY RESPECTS

ECOMATERIALS 
CONSTRUCTIVE PROMISES

ker with the addition of very impure 
aluminium oxides”. These solutions 
might be readily operational in China 
at short notice, and in the longer 
term in Europe.

Revamping old recipes
Another option investigated for the 
last five years at the MAST depart-
ment would be recycling, indeed so-
mething you cannot ignore when you 
know that demolition concrete wastes 
add up to one tonne per inhabitant 
per annum, a trend fuelled by the 
demolition of post-war buildings and 
that is to endure until 2030. After cru-
shing, these aggregates can easily be 
reincorporated into new concrete, for 
up to 20 % in buildings and 60 % in 
roads (as highlighted by the Recybe-
ton project2). “First of all we improve 
crushing to obtain more spherical 
aggregates – which cuts the quantity 
of cement required and improves the 
concrete, points out the researcher. 
In parallel, we are developing tools 
to check their water content so as to 

overcome their high porosity, a major 
drawback which makes them difficult 
to use and drags down their mecha-
nical properties. Before reusing them 
we also strive to trap in large quan-
tities of CO2 by means of carbona-
tion (calcium carbonate formation3), 
which is on the one hand a dreaded 
natural phenomenon when it acidifies 
concrete with the risk of corroding its 
steel structures, but on another hand 
welcome as it reduces the porosity 
of demolition aggregates. Lastly, and 
this will be a long-term endeavour, we 
are studying the chemical stability of 
these recycled concretes of various 
origins, a key to their sustainability.”

1. Joint research unit of École des Ponts ParisTech, 
IFSTTAR and CNRS (UMR 8205)

2. The Recybeton project brings together 47 partners 
including IFSTTAR and focusses on complete 
concrete recycling: http://www.pnrecybeton.fr/

3. Atmospheric CO2, by penetrating the concrete 
through its pores, creates carbonate ions which in 
turn react with calcium to form calcium carbonate

08



Observation of the surface of hemp concrete

Since 2013, researchers of the 
CPDM (Materials physicochemical 
behaviour and sustainability) and 
of the MIT (Advanced materials for 
transportation infrastructure) labora-
tories have for their part been trying 
to find ways to limit the porosity of 
demolition aggregates by promoting 
their carbonation, through the use 
of… bacteria! “Bacteria can pro-
duce a few micron-thick protective 
film of calcium carbonate that pre-
vents water and air from penetrating 
the aggregates,” explains Marielle 
Gueguen, a researcher at CPDM, 
one of the only teams in the world to 
focus on this promising topic. Such 
coatings (through bacterial carbona-
togenesis) have proved instrumen-
tal for over twenty years in repairing 
limestone or concrete monuments4 
used as a thin surface layer or to fill in 
microcracks.

For all types of concrete
This biomineralisation solution is 
based on the capacity of some bac-
teria to produce a film similar to 
limestone. This calcifying flora, the 
same as that developing at the gene-
sis of a rock, is sprayed with nutrients 
(such as urea) and calcium to form, 

in a matter of a few weeks, like a car-
bonate cocoon around the bacterial 
cell. This is in no way dangerous to 
man or the environment and many 
common bacteria can be used like 
this, such as Bacillus (including 
Sporosarcina pasteurii). The ideal 
substrate for these bacteria is gene-
rally slightly alkaline, with a pH5 of 
around 9 like on the surface of old, 
carbonated, concretes whereas the 
pH at the core of the structures re-
mains alkaline, and around 12 like in 
new concrete. To protect demolition 
aggregates, worksite bacteria should 
therefore remain operational up to a 
pH of 12.
“We have already identified from 
among cementitious materials the 
best-suited to this broad range of 
pH, boasts the biologist. And we 

are studying the ideal carbonation 
conditions for this flora to be distribu-
ted homogeneously and bind to the 
aggregates, in particular the smaller 
such as sand (< 6 mm), which are 
also the most porous. We are testing 
ecological treatments for aggregates 
(coating with nutrients, agar-based 
hold gel, etc.)”. The first recycled 
concretes thus bio-mineralised will 
be tested in laboratory in 2017, while 
field trials should not take place be-
fore 2020.

4. Another way consists in incorporating  
the bacteria and their nutrient medium into  
the concrete formula to make it self-healing

5. The pH value (potential hydrogen) defines 
whether the medium is acid (between 0 and 6), 
neutral (7) or alkaline (between 8 and 14)

Porous microstructure of hemp aggregates observed under 
scanning electron microscopy
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ECOMATERIALS 
CONSTRUCTIVE PROMISES

PLANT-BASED CONCRETES SOON  
TO BE SUSTAINABLE-GUARANTEED

For some thirty years, plant-based 
concretes have been used in the buil-
ding industry, primarily from hemp 
but also flax and canola, sunflower or 
lavender. Designed from agricultural 
co-products, these biosourced mate-
rials are made up of plant aggregates 
such as the shive derived from the 
pith of hemp stalks, coated with a 
mineral matrix. They have very good 
thermal, acoustic (due to their poro-
sity) and also hygrothermal (they pro-
vide good mitigation against humi-
dity variations) characteristics. Mostly 
used for walls, but also floors and 
roofing, and very well adapted to the 
renovation of old buildings, they are a 
welcome alternative to mineral wools 
or cellular concrete. Most current 
studies tackle the influence of their 
formulation on functional properties. 
But little work has focussed on their 
ageing – the evolution of their pro-
perties over the long term throughout 
the lifecycle of a building – ; this lack 
of hindsight has been an obstacle to 
their wider use.

Looking for the weak spot 
Since 2012, IFSTTAR has tackled 
this challenging topic with the 
 Mabionat6 project, conducted jointly 
with Cerema7, the Blaise-Pascal uni-
versity and Ifremer, to start making 
up for the lack of data on sustaina-
bility. The only available data is the 

Created in June 2016, Écomat, the international associate laboratory 
builds upon a long cooperation tradition between IFSTTAR and the 
Sherbrooke university in Quebec. “Our expertise on concrete and 
our facilities are complementary, comments Arezki Tagnit-Hamou, 
the joint-director of Écomat with Loïc Divet, head of the CPDM labo-
ratory. Together we thus span the whole spectrum of this topic, from 
fundamental research to industrial experimentations, so that we are 
able to develop high-quality ecological concretes.” Incidentally, the 
39 scientists working within Écomat soon organised into binomials 
around the first 8 projects. “Beside most of the topics quoted in this 
file, I would mention our research on eco-friendly ultra-high perfor-
mance fibre-reinforced concrete (UHPFRC), he adds. We implement 
IFSTTAR’s excellent model for granular compactness in designing 
concretes in which we replace 50 % of the binders and sand by 
recycled glass powder. We will thus further investigate an idea expe-
rimented at Sherbrooke for a number of years and already applied to 
industrial concretes and in an optimised-casting UHPFRC concrete 
soon to be patented.”

ÉCOMAT WILL DEVELOP 
ECOMATERIALS AS EFFICIENT 
AND TIMEPROOF AS 
TRADITIONAL MATERIALS

feedback that there are cases of 
mildew developing due to inadequate 
drying or ventilation. Since 2015, a 
PhD student has been investigating 
the degradation mechanisms of com-
mercially available hemp concrete 
and the impact on the mechanical, 
thermal and acoustic properties with 
a view to developing mandatory stan-
dardised tests in due course. “After 
identifying the weak points of mate-
rials we expose them to two types of 
accelerated ageing processes, one 
related to humidity, and the other 
one to fungus development, compa-
red with natural conditions of ageing 
outdoors,” points out Sandrine Mar-
ceau, a researcher at the CPDM labo-
ratory.
The samples subjected to amplified 
and very quick cycles of humidifica-
tion and drying are studied from all 
angles (microstructure, microbiology, 
porosity, etc.), in relation with the 
evolution of their properties. “For the 

time being, no effect associated with 
humidity alone has been observed, 
and the microorganisms seem to be 
destroyed at the casting of concrete, 
probably as a result of the high pH of 
the mineral binder, suggests the re-
searcher. Subsequent mildew would 
therefore be due to ambient air and 
not to the plants”. Although these 
studies will not make it possible to 
predict a lifetime per se, within two 
years they will provide invaluable re-
commendations and potential impro-
vements. IFSTTAR is also studying 
this topic within a working group of 
Rilem8. Whether plant- or mineral-
based, concrete is a future-proof 
material.

6. 2012-2016, http://mabionat.ifsttar.fr

7. Centre for studies and expertise on risks, the 
environment, mobility, and urban and county 
planning

8. International union of laboratories and experts 
in construction materials, systems and structures
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Our pavements 
under close surveillance
Last June 6-9, IFSTTAR and RILEM (International union of laboratories  
and experts in construction materials, systems and structures)  
co-organised the MCD2016 international conference on pavement 
cracking and debonding mechanisms. A flashback on these three days  
in Nantes.
Scorching heat, massive labour 
strikes of June, renewed threats of 
terrorist attacks... nothing managed 
to derail RILEM’s MCD2016 confe-
rence. “Coorganised by IFSTTAR, 
this eighth edition was devoted to ad-
vanced models to better comprehend 
the mechanisms at play in two major 
factors of alteration of our pavements: 
cracking and debonding between 
their constituent layers. A crucial issue 
for many countries like France” sum-
marised Armelle Chabot, a researcher 
at IFSTTAR’s Nantes site who chaired 
the organisation committee.
It is true that our road network is not 
only ageing, but also exposed to an in-
creased traffic of heavy loads (buses, 
coaches, lorries) ... and this with the 
perspective of climate change, which 
could further compound the degra-
dation process much faster than 
expected. Fortunately, research is 
“up in arms” as demonstrated by the 
wealth of research projects presented 
at this international conference: field 

experimentations, modelling and 
simulations, techniques to detect 
early signs of degradation, analysis 
methods, etc.
“All the tools will improve the mainte-
nance of existing roads and be most 
instrumental for our roads of the 
future, predicted to be stuffed with 
sensors and rich in new recycled or 

bio-sourced materials”. This confe-
rence also gave the participants an 
opportunity to discover the facilities of 
IFSTTAR’s site in Nantes, such as the 
famous roadway fatigue carrousel, a 
traffic accelerator unique in the world 
and boasting 100 m in circumference.

   mcd2016.sciencesconf.org

231 
participants,  

among whom  
55.6 % non-French

106 
scientific 

publications, of 
which 75 % by 

overseas authors

95 
participants for the 
visit of the IFSTTAR 

site in Nantes

54 
oral presentations

52 
scientific posters 

33
countries 

represented

15 
exhibition booths 

10 
sponsors

6 
major international 

lecturers

4 
workshops 

MCD 2016  
in a few 
figures

Today innumerable 
pavements have to go through 
rehabilitation of their surface 
layers. The whole year long 
these can be seen on our 
roads, and it’s a heavy bill 
for our budgets. Broader 
tyres, new materials, ever 
thinner layers, recycled 
materials, etc. It’s true that 

technological advances 
have brought about new 
“degradation pathologies” 
for roadway surface. And 
strangely, little is known 
about the mechanisms 
at play in this kind of 
degradation, nor about how to 
prevent them. Faced with this 
critical challenge, IFSTTAR 

and the GC2D laboratory 
(civil engineering, diagnosis 
and sustainability) are putting 
up a joint research team 
with the aim of developing 
rational methods to create 
surface layers that offer 
better resistance. The priority: 
improve safety whilst cutting 
maintenance budgets.

QUESTION TO

CHRISTOPHE PETIT, professor at the Limoges university
WHY WORK ON SURFACE LAYERS?
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What is the purpose  
of the IFSTTAR-IRSTEA  
ethics committee?
After one and a half year of activity, the joint IFSTTAR and IRSTEA1  
ethics committee (CE2I) has now settled into cruising speed. It will now  
start publicising its role in support of researchers in their work,  
in their communication or within the teams.

Created at the end of 2014, the CE2I is 
designed to be consulted by both insti-
tutes. It is an ethics alert mechanism 
aimed at developing awareness among 
agents and answering the ethical ques-
tions raised in the context of their re-
search or experts’ assessment tasks. The 
committee is now fully operational, has 
convened four times so far and is ready 
to respond to consultations. It has already 
been consulted by an agent concerning 
animal testing. For, although IFSTTAR 
is not involved in such experimentation, 
it may now and then, in the context of 
partnerships, find itself working on data 
derived from animal testing carried out 

by its partners. “Our agents should not 
hesitate to call upon the CE2I, insists Éric 
Gelineau, in charge of IFSTTAR’s legal 
affairs and institutional bodies. On ano-
ther hand, the recommendations made 
should have an impact on the activities 
of both institutes. Beyond the framework 
they provide, these ethical questions can 
generate real added value, in particular 
in terms of rigour and quality in the work 
carried out.”

Rethinking the supervision of 
experimentation on human beings
The nine members of CE2I (a philo-
sopher, a law professor, an expert in 
data protection, another in biomedical 
research...) thus contributed to defi-
ning a new supervision framework for 
experimentation on human beings, an 
enduring expectation since the creation 
of IFSTTAR: a new committee has been 
established for this category of research. 
It will provide advice prior to every new 
experimentation so as to protect and 
respect the rights of the volunteers ta-
king part in the studies, such as those 
on the action of alcohol on driving or 

experimentation on simulators...
Among its first activities, the CE2I dis-
cussed the implementation of the two 
charters common to several EPSTs2 and 
already signed by two of them (on the 
opening to civil society and the ethics of 
the research profession). Its members 
also delved into IFSTTAR and IRSTEA’s 
respective charters on Expertise: “The 
committee emphasized the importance 
of better acknowledging expertise in the 
evaluation of researchers, of promoting 
links between research and expertise, of 
involving social sciences and ensuring 
the independence of experts when they 
act on their own behalf” points out Éric 
Gelineau who stressed the benefit of 
having endowed IFSTTAR and IRSTEA 
with a joint ethics committee, an unpre-
cedented approach that allows compa-
ring the practices of both institutes and 
ensuring better independence.

 Eric Gelineau 
eric.gelineau@ifsttar.fr

1. French national research institute of science 
and technology for environment and agriculture
2. Scientific and technological public institution

1. École des Hautes Études en Santé Publique / 
School of Public Health 

We started mapping out the research 
projects or activities having raised 
or liable to raise ethical issues. 
Incidentally, this is how we started 
looking into experimentation on 
human beings. The idea is not to 
challenge what has been done but 

rather to study the nature of the 
problems that emerged thereafter. We 
shall first deal with the teams who 
work on the topics identified. The 
committee is also getting organised 
to address future referrals and help 
settle potential conflicts that may 

arise within the teams (supervision 
of the PhD students, signing of the 
publications...) or on the best way to 
communicate the findings that may 
have a significant societal impact.

QUESTION TO

DENIS BARD, professor in epidemiology and risk assessment at EHESP1, and chairman of the CE2I
WHAT ARE THE NEXT TOPICS CE2I COULD BE WORKING ON?
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Delving into accident databases, Marine 
Dufournet investigates the causal 

relationship between alcohol consumption 
and accidents.
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One might assume that quantifying 
the impact of alcohol on the risk of 
road accidents is an easy task such 
is the patency of the links between 
alcohol and accidents. That’s wrong, 
it is indeed a complex task since ac-
cidents, most of the time, result from 
multiple factors that blur conclu-
sions. For instance, age has an in-
fluence on alcohol consumption but 
also on driving speed. Measuring 
the effects of alcohol without taking 
these phenomena into consideration 
puts a bias on estimates: are these 
accidents really only caused by alco-
hol, or also by speed?
Statistics do not necessarily point to a 
causal relationship. In our example, 
it would come down to comparing 
the likelihood of being responsible 
for an accident when not sober to 
the likelihood of causing it when so-
ber. Whereas the real causality puts 
the question in terms of: “had he not 
been drinking, would the accident 
have happened?” There’s no way to 
know for sure. However, it would be 
useful to establish the causal links 
to better understand the accidents 
and, in due course, reduce risks on 

thesis / HDR

the road. Fortuna-
tely, it is possible 
to identify the cau-
sal links (effect of 
alcohol not altered 
by phenomena of 
confusion) based 
on statistical asso-

ciations thanks to the “causal infe-
rence” theory. This precisely is the 
topic of Marine Dufournet’s thesis. 
This theory describes the relations 
between the variables of a database 
using a graphic model to then iden-
tify and estimate causal relations.
This PhD student at UMRESTTE 
(joint laboratory of IFSTTAR and 
University Lyon; Epidemiological 
research and surveillance unit in 
transport, occupation and environ-
ment) tapped into the data of the 
VoieSur project which surveyed all 
fatal accidents and approximately 
5 % of other bodily accidents in 
France for 2011. For each item of 
data, an investigator went on site to 
collect context-based information 
(such as, whether the driver had 
just left a nightclub?), and some 
indication of the speed. “Based on 
this data, the aim is to measure the 
respective share of each effect,” 
explains Marine Dufournet. If we re-
vert to the drink-and-drive example, 
when someone has been drinking 
alcohol, this has two actions. On the 
one hand, it compromises cognitive 
and psychomotor capacities: res-

Understanding 
the causes 

behind road 
accidents

ponse time is longer and vision is 
altered … On another hand, alcohol 
consumption induces overexcitation, 
which causes the person to drive at 
a higher speed. “We have demons-
trated that the importance of speed 
is stronger for moderate quantities of 
alcohol, adds the PhD student. The 
higher the blood-alcohol levels, the 
lower the influence of speed tends 
to be. This is the first time we come 
to such observations.” The only 
hitch is that the data and the results 
concern only accidents. Yet, to get 
a reliable measure of these effects, 
one would also need to gather data 
on those who haven’t been victims 
of accidents.
This work could be continued with 
the study of other causes of acci-
dents like cannabis. The effect of 
this drug on speed remaining to 
be explored. We would also have 
to work on material from other da-
tabases, in particular the annual 
reports of accidents involving inju-
ries, and determine whether radars, 
which have been instrumental in 
diminishing the number of fatalities, 
have not “turned” them into serious 
injuries.

  Marine Dufournet 
marine.dufournet@ifsttar.fr



The Luxondes start-up, a spin-off of IFSTTAR  
has developed a slab that enables 
electromagnetic waves to be visualised  
in real-time, a precious tool for laboratories  
and industrial players, both from a scientific  
and a pedagogical point of view.

PHILIPPE BESNIER,  
head of CNRS research  
at the Institute of electronics 
and telecommunications  
of Rennes

COULD YOU TELL US 
THE REASONS WHY YOUR 
LABORATORY BOUGHT 
A LUXONDES SLAB?

P. B. : First of all, for pedagogical 
purposes, it has didactic virtues, 
in a fun way so to speak: the 
students can more easily grasp the 
way an antenna radiates, and the 
colour visualisation helps them 
better understand the phenomena.

IS IT ALSO USED IN YOUR 
RESEARCH WORK?

P. B. : Yes. We are working on 
techniques aiming to focus 
electromagnetic waves within 
a very limited area and for a 
very short time. The slab allows 
us to check instantly that the 
focusing is indeed taking place, 
the dimension of the focal spot, 
its intensity... We also work on 
complex propagation backgrounds 
where the electromagnetic field 
is difficult to anticipate. Within a 
few centimetres’ difference, the 
field may sometimes fluctuate 
between low and high amplitudes, 
and seemingly in a random 
fashion. There again the slab 
allows us to expediently determine 
the structure of these fields by 
measuring them simultaneously 
across an entire zone. And from 
these measurements we may 
also originate ideas for new 
applications.

COULD IT BE IMPROVED?
P. B. : We would like to directly 
retrieve the data and not only 
visualise them. We are currently 
working on it with Luxondes. We 
acquired this research tool just last 
July actually, but we already mean 
to go much further with it. n

François Hollande and Cédric Villani 
were quite impressed by this new de-
vice! Luxondes’ electromagnetic slab 
is indeed a fascinating achievement 
as it makes it possible to directly vi-
sualise electromagnetic fields, such 
as radio or WiFi waves. This slab was 
developed by Jean Rioult, in charge 
of an electromagnetic compatibi-
lity platform at LEOST (laboratory on 
electronics, waves and signal pro-
cessing for transport) at Villeneuve-
d’Ascq IFSTTAR site. It was actually 
meant to meet the internal needs 
of the laboratory initially. “To study 
electromagnetic compatibility, that 
is the way electromagnetic sources 
mutually interfere with one another, 
we need to measure and map out 
the radiations of electronic boards, 
cables, etc., recalls Jean Rioult. 
We thought that if we could directly 
view these electromagnetic waves it 
would save us a lot of time.”
It is in 2006 that the idea of a 
specific device came about: the 
Gyroscanfield. A patent was filled 
and in 2011 a start-up was set up: 
Luxondes. The slab is a 2D version 
of the Gyroscanfield (which is a 3D 
system). The way it works is that 400 
sensors are arranged on a plane to 
convert the energy of electromagne-
tic waves into shades of colours. The 
visible frequency range is comprised 
between 50 MHz and 3 GHz, which 
allows visualising the energy emitted 
by 2G, 3G, 4G telephony or WiFi…

This slab has equally attracted inte-
rest from public laboratories, such 
as Institut Langevin in Paris or INSA 
in Rennes, as from industrial opera-
tors. Orange Lab, for instance, uses 
it to fine-tune its research on the 
new technologies associated with 
5G, but also to show concretely that 
its “boxes” focus energy in a pre-de-
termined direction.

 jean.rioult@ifsttar.fr 
www.luxondes.com 

expertise

Luxondes: 
Visualising  
electromagnetic waves 

Bottom: demonstration of the slab on the Orange booth  
at the MWC2016 (Mobile World Congress) trade fair in Barcelona  
in the presence of Mr Stéphane Richard, CEO of the Orange group.
Top left: Visualisation of the electromagnetic radiation  
of a 4G cell phone in operation.
Top centre: coupling of two slabs for a 2m² surface.
Top right: inauguration of Orange Gardens  
in the presence of the French President.

“Rapidly 
identifying 
the spatial 

structure of 
electromagnetic 

fields”
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Overview

Assessing  
excavability
IFSTTAR publishes a technical guide* 
to better assess pickaxe excavability  
of granular materials treated with  
a hydraulic binder.
To fill in the trenches dug across 
road networks, professionals would 
like to be able to make better use of 
granular materials (mix of sand and 
grit), treated with hydraulic bin-
ders (powders that set in contact 
with water), such as cement. The 
latter solution indeed significantly 
reduces the risk of pavement com-
paction under the action of traffic. 
But these materials must remain 
easy to excavate with a pickaxe, 
for instance to get access to buried 
ducts. Up to now there was no re-
liable method to assess the excava-
bility of such materials.

At first hand, one might think that the harder the material, therefore 
more resistant to compression, and the more difficult it will be to 
excavate. This is why the excavability of these materials is generally 
assessed using a press. “Inspired by the work of two theses made at 
IFSTTAR, this new technical guide proves that this technique is not re-
liable, as experimented with a professional pickaxe: excavability of the 
material is not a function of its resistance to compression,” points out 
Thierry Sedran from IFSTTAR’s Nantes-based laboratory dedicated to 
advanced materials for transportation infrastructure, who supervised 
the publication of this handbook. Instead, the authors recommend a 
punching-type technique by which you measure the depth a cylin-
drical punch can reach as it replicates more closely the dynamics of 
a pickaxe digging into the pavement. The results have demonstrated 
that such punching allows predicting the excavability of materials with 
a reliability of 85 %.

Freely accessible on IFSTTAR’s website**, this new technical guide 
coproduced with Engie (formerly GDF-Suez) is intended for all sup-
pliers of trench backfill materials and all those liable to order these: 
municipal technical departments, Engie, Enedis (formerly ERDF)… 
“We very much hope it will foster the development of these granular 
materials treated with hydraulic binders” concluded Thierry Sedran.

*  « Évaluation de l’excavabilité à la pioche des matériaux granulaires traités avec un liant 
hydraulique à l’aide d’un essai de poinçonnement », collection Techniques et méthodes de 
l’Ifsttar, GTI3, september 2016

**  http://www.ifsttar.fr/fileadmin/user_upload/editions/ifsttar/guidetechnique/2016-GTI3-
guidetechnique-Ifsttar.pdf

 Thierry Sedran: thierry.sedran@ifsttar.fr

publications
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Auscultation non destructive, surveillance  
et gestion durable des ouvrages -  
Non-destructive testing, monitoring and 
sustainable management of structures

Ifsttar Collection “Actes interactifs” –  
Results of the APOS and MCV research operations – 
All1 – 23 November 2016
Available on line: http://www.ifsttar.fr/collections/
ActesInteractifs/AII1/index.html

The Mediterranean Region  
under Climate Change

IRD Editions/AllEnvi - Collection: Reference - 2016

Prise en compte du paysage dans les protections 
contre les chutes de matériaux rocheux - 
Integration of rockfall mitigations into the landscape

Ifsttar & Cerema 
Techniques et méthodes - May 2016

  Discover the recent publications 
on IFSTTAR website:  
http://www.ifsttar.fr/en/online- 
resources/tools/documentation- 
portal/bookshop/

TECHNIQUES ET MÉTHODES

guide technique

Évaluation de l’excavabilité
à la pioche des matériaux
granulaires traités avec
un liant hydraulique à l’aide
d’un essai de poinçonnement

LES COLLECTIONS DE L’IFSTTAR

ISSN : 2492-5438
Référence : GTI3
Crédit photo : Ifsttar
Septembre 2016

Les matériaux granulaires traités avec un liant hydraulique
présentent un intérêt certain en comblement de tranchées,

et notamment pour éviter les problèmes de post-compactage.
Dans un grand nombre de cas, ces matériaux doivent toutefois
rester faciles à excaver à la pioche, pour que les gestionnaires
puissent intervenir sur leurs réseaux, rapidement et en toute
 sécurité.
Ce guide décrit comment quantifier et mesurer cette excavabilité
à la pioche. Il montre que le critère de résistance à la
 compression traditionnellement utilisé n’est pas adapté et
 propose un essai de poinçonnement bien plus pertinent.
Issu du travail de deux thèses, ce guide devrait permettre de
 faciliter le dialogue entre prescripteurs et fournisseurs de
 matériaux traités au liant hydraulique pour tranchées excavables,
sur la base d’une approche performantielle validée.

Couv GTI 3_Mise en page 1  27/09/2016  09:18  Page 1



Currently holding the corporate 
social responsibility and sustainable 

development chair of the Montreal 
university, Corinne Gendron advises 
numerous players on environmental 
issues. In France, she is a research 

professor at ICN in Nancy. A member  
of the Académie des technologies  

since 2014, she chairs the scientific 
council of INERIS and was awarded  

the Légion d’honneur in 2016.

WHAT IS YOUR 
BACKGROUND UP TO NOW?

Corinne Gendron : I started working 
as a lawyer in 1990 and then furthe-
red my legal training with a marke-
ting-finance MBA at HEC Montréal 
in 1993. I then turned to research to 
obtain a PhD in economic sociology 
University of Quebec at Montréal 
(UQAM). My thesis on the Environ-
mental narrative of corporate exe-
cutives was awarded the first prize 
of the IREC Institute (Research Ins-
titute in contemporary economics) 
in 2001, as the best PhD thesis in 
social sciences in Quebec. In 2002, 
I was hired as professor at UQAM 
(School of Management Sciences). 
Since 2004, I have also been holding 
a chair of corporate social responsi-
bility and sustainable development 
with some twenty other researchers, 
from UQAM, France and Switzer-
land. Finally, I also teach at UQAM’s 
Institute of Environmental Sciences 
and I am involved in the activities of 
the Institute of International Studies 
of Montreal.

WHAT IS THE CONNECTION 
BETWEEN YOUR WORK 
AND THAT OF IFSTTAR?

C. G. : Since I started my career, my 
research work and the twenty-some 
books I have published all revolved 
around themes connected with sustai-
nable development: corporate social, 
ethical and environmental responsibi-
lity, fair trade, responsible investment 
and consumption, environmental 
management, social acceptability of 
projects, etc. It so happens that one of 

Corinne Gendron, 
new chair of IFSTTAR’s  

scientific council

“THE RESEARCH  
THEMES EXPLORED  
AT IFSTTAR ARE KEY  
TO THE FUTURE  
OF OUR SOCIETIES”

IFSTTAR’s major goals is to contribute 
to a more sustainable development of 
cities, transports and mobility for the 
future. This research work is crucial 
for the future of our modern societies 
and it also addresses key concerns 
among citizens.

HOW DO YOU SEE 
YOUR NEW ROLE?

C. G. : Until the term of my man-
date in 2020, I intend to chair this 
scientific council in a very collegiate 
mode, to better leverage its diverse 
areas of expertise. Indeed, it gather 
experts in transports, engineering, 
environment and healthcare from 
acknowledged institutions (OECD, 
Ademe, IGN, BRGM, CSTB...), as 
well as from renowned private enter-
prises (PSA, Colas, Systra...) and 
foreign institutions (German DLR, 
Portuguese University of do Minho, 
Barcelona Public Health Agency...). 
My status as a foreign researcher 
should also help boost IFSTTAR’s vi-
sibility on the international scientific 
scene, and even perhaps give rise 
to partnerships with players from 
Quebec and Canada more generally. 
Lastly, as a sociologist, I could also 
contribute to what has been one of 
IFSTTAR’s great strengths: interdis-
ciplinarity, with reinforced coope-
ration between human and social 
sciences on the one hand and more 
technical areas of expertise.
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