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art & Resilient Innovative Materials for
Infrastructures
&

French & European Research Programs
M. DRISSI-HABTI, Research Professor

The French Institute for Transports, IFSTTAR
monssef.drissi-habti@ifsttar.fr

Tokyo, June, 11th, 2015

IFSTTAR

IFSTTAR’s Missions ...

IFSTTAR has as the main mission to realize, to
manage, to carry-out and evaluate researches,
developments and innovations in the fields of urban
science, civil engineering, building materials, natural
hazards, mobility of persons and goods, systems and
transport means and their security, infrastructures their
usage and their impacts, from the point of view of
technical, economical, social, energetic, health and
environmental performances

27

COSYS by Numbers

2014 : 294 permanent staff, 75 PhD Students, 35 part-timers, 100 researchers
12 laboratories (2 UMR, 1EPC, 3 GIS, 2 ERC) on 7 locations
Budget 2013 : 21,6M€

oood

Per/year, 110 peer-review articles, 6 patents
30 expertises per/year
2014 : 220 30 new applied research contracts

Creation of 15 full-time positions in industries, Back-up for 3 start-up and 6
SMEs

Member of 3 Technology Research Institutes ...

oo 0oo

O

3/74

f

(LVIC | GRETTIA |
[LEMCON_LEPSIS |

EN

ICT
CARMIN (LETI) |

e

4/74

Societal Needs

45% GHG, particles, Nox
30% of Energy 75% GHG,

10 a 20% du PIB Public Health
Combined Risks

Safety & Security of
Transport systems

Social Needs

Increase of Renewable Marine
Energy Plants

- 13 -
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Marne-la-Vallée : Reduced-Scale Sustainable City co-quartirdo Wontérsin s
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~ L eau — déchets ; unité l'liogarzg
Grand Paris
Express: « gare &
énergie positive »

Descartes Grid

chaleur

Villages Nature : aqualagon
chauffé grace a la géothermie

datacenter

Ecoquartier Lo
Sycomore :
réseau de chaleur
avec biomasse
locale;

Hotel de logistique
aine

j . Systeme d'imagerie &
Veéhicules instrumentés
conduite et observation grand rendement
de trajectoires =

Paris, Simulateur | Banc de vibrations
A * | trafic Chambre climatique
Lyon, | ferroviaire
Nantes ._| (ERTMS)
Bancs
d'expérimentations

psychovisuelles
- Componteement dun ouvrage
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finis dedie au | [ESAR |
génie civil B
—— e
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R5G - Forever-open road to improve the competitiveness of Industries
through innovation : living-labs ...

In-built lane and
Integrated wehicle direction
driver/maintenance- information

Bolt-onlanes and

road
i) Infrastructure

Measures own
Condition

Carbon Capture
Planting & Devices
In-buittelectronic Heat storage and
energy harvesting

ft

Pre-fabricated Carbon free Recycled
construction materiats

Built-in flood
resistance

FOREVER OPEN ROAD

R5G : Testing Plants & Demonstrators
in all Areas where IFSTTAR is Located

Na
R5G

-l EVOLUTIVE
' N2

4 . v
Nl . BELFORT R 5G
@ [

ULLE
VILLENEUVE
MASEQ

oo Qe o
LYON-BRON ®
GRENOBLE N
- %mau DE PROVENCE R SG

MARSEILLE ERRERATIE

12/74
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Monitoring of Urban metabolism :

Anthropic pollution and/or ou linked to Transport, Energy
efficiency, resilience...

Modelling Nanosciences

MEMS Sensor Networks Public Health
- CAD-FEM - humidity - Integration
-temperature - PH .
- Traffic flow - Porosity - Packaging
- alr quallty

to sensor
networks

- from Carbone
Nano-Tube

to MEMS
—_—

13/74

Sense-City (IFSTTAR, LPICM, ESIEE-Paris, CSTB,...):
Numerical & Sensitive Urban Technologies Systems

--‘“‘

Graphene based
hurnidity sensors

i
;K

=|mh|»pmm etrctors
with earben nanatubes

I’

Credit-card sized
mm:htammp;aph

Selective carbon
nanatubes
Bas sensor

T &_

— 15/74

Ballastless railway « Gisors-Cerqueux »
R&D Project / MAST - COSYS & Alstom
Embedded Optical Fiber Sensors

[—

Research Trends at IFSTTAR:
Materials and Structures Department

 Durability of strategic structures and
infrastructures

» Support the development of a circular economy in
construction fields

* Breakthrough innovation in transport
infrastructures (road, rail, bridges and buildings)

Durability improvement of construction materials and

development of new / more durable materials

(including use of recycledgmatggials) annaare ac a

Examples of investigations on new durable
materials / durability issues

» Conditions of safe use of S-rich aggregate

* Development of a standard performance-test for
sulphates-resistant concrete

* Durability of FRP used for structural retrofitting

* Durable concrete mixes made with recycled aggregate
» Shape memory alloys for control of cables vibration

* Bio-sourced materials (durability of hemp concrete)

* Stainless steel for prestressing tendons

* Reinforcement bars made of FRP

e UHPFRC .
ol -
[N S

e etc...

LT
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Types of research collaboration

« Bilateral partnership (e.g. IFSTTAR with a
structures owner)

EDF-IFSTTAR on alkali-silica reaction and DEF, since 1999

e Multi-partners research convention (e.g.
with industrial partners having common
interest in innovation)

RECYBETON : large « national project »
For developing the use of recycled aggregate in concrete

¢ Multi-partner research project answering
national calls (FUI, ANR, RGCU...)

BADIFOPS : Eiffage-CSTB-IFSTTAR-Cerema on
reinforced UHPFRC applied i seismic resistant structures

¢ Multi-partner European project

Bio-RePavation : Bio-sourced binder and additives
for alternative road pavement material (just launched)

Examples of application:
UHPFRC strengthening of bridge decks

* Orthodalle® rejuvenation of an orthotropic steel
deck

Eiffage - Following Orthoplus R&D project
Increased stiffness
Decrease of fatigue stresses
at critical welded joints
Connection efficiency validated
Fatigue lifespan extension qualified
Successful application at Illzach

e

* UHPFRC strengthening of a concret deck (Chillon)

Lafarge & Walo - Following Arches European R&D project
Increased stiffness
Retrofitted deck capacity
Connection efficiency validated
Restrained shrinkage under control
Optimized production rates
Concreting and levelling process optimized

IFSTTAR — Materials and Structures Department

IFSTTAR — Materials and Structures Department
(Contact for international partnerships)
14-20 Bld. Newton

Cité Descartes - Champs sur Marne
77447 Marne-la-Vallée Cedex 2

France

Ph +33(0)1 81 66 83 97

www.ifsttar.fr

francois.toutlemonde@ifsttar.fr

2, IFSTTAR

The Consortium DURSI ...

U Research consortium that develops smart composite
structrures for various industrial applications ... 150
researchers and engineers ...

Q Partners IFSTTAR, ENSAM-ParisTech, Uni. Bretagne-Sud
& Uni. Rennes 1 (IPR)

U (http://macsisit.blogspot.fr/) / 30 000 visits within 6
months...

U Support from the Competitiveness Cluster EMC2 ...

2 IFSTTAR
SMART MATERIALS ?

Information
treatment

Information
treatment

* Reliability
* Reduced maintenance
 Extended life

e etc.

#

¢ FSTTAR Composite’s Advantages

U Better Stiffness/Weight ratio versus metallic materials
O Corrosion resistant

O Choice of appropriate combination and volume fraction of Matrices and
Fibers regarding the application ...

O Design on-demand and conception ...

Q Very high potential given the boost provided by nanomaterials and
nanotechnologies

O Massive sensors embedment ... Smart Composites !

O Metallic Matrix Composites ...

Q Ceramic Matrix Composites, including Carbon-Carbon for aerospace,
aeronautical and nuclear applications ...

- 16 -




Smart Compasite Materials for Extreme Structural Applications

Structural Civil & Military Ap at s (Bridges,
Sensitive auildlngs, Soldier’s Protections), Ease of fabrication, corrosion-
resistent, transportability, High Stiffness/Weight ratio ..

¥ Thermoplastic & Thermosetting Matrix Composites / Glass. Carbon ... Fibers

(n]

O Structural Applications for Intermediate Temperatures / 500°C - 700°C
“Polymer-Matrix Compasites (Palyimide Matrix) / Carbon .., Fibers
¥ Metallic-Matrix Composites

Q High T ctural A /900°C - 2000°C (Nuclear
Applhﬂms Anu-alasl, Bomb-confinement ...)

@) IFSTTAR

Airplane, High Speed Trains, Automobile, Offshore
Wind Generator ...

Q Cceramic-Matrix C & Graphite C i
A Embedded and/or Bonded Structural Health Monitoring !
Opml-FIber Sensors, Ultrasonic Sensors, The! phy, Shape Memory Alloys,
Phase-Transforming Materials, Nanomat ls & Nanotechnologies ...
BIG CHALLENGE !
o ! - il
J IFSTTAR Vision . Smart Plastics from stimulable nanocomposites Plastics®

o Smart Infrastructures (Bridges, Smart Rebars for concrete roads, Smart
buildings ...), High-Speed Train, Smart Structures, Smart Offshore Wind-
Generators, Security of infrastructures ...)

o Durability is the Goal (Thermomechanical Durability of Structures, Physical &
Thermomechanical Durability of Embedded/Bonded Sensors ...), Systemic
Approach, Multi-scale Analytical & Numerical Approaches ...

o Macro, Micro & Nano-Based Sensors (Optical Fibers Sensors, Ultrasonic
Sensors, Electromagnetic Sensors, Conductive Sensors, MEMs & NEMs,
Nanosensors ...)

©

959

H
% Chemo-stimulable
&

Electro-stimulable

Piezo-stimulable :
Magneto-stimulable Photo-stimulable

J. . Feller, M. Castro, B. Kumar, Chap. 24 in Polymer Carbon Nanotube Composites: Synthesis, Properties & Applications,
Woodhead Publishing, Cambridge (2010)

28
: . Smart ||
Strain sensin, Plastics© 1, IFSTTAR SMART COIVIIDI:E((?IS[I);ES DECK PROJECT

s

3]

Charge [1DKN). Défarmaticn (%)

e

o mm wm
Termps (s}

C. Robert, J. F. Feller, M. Castro  Sensing skin for strain monitoring made of PCCNT conductive polymer

29
nanocomposite sprayed layer by layer, ACS Applied Materials & Interfaces, 2012, 4, 7, 35083516

Double Struciural Health Monitoring Smart

0 Smart composite structure (L = 20m x| = 7m)
0 3 years project starting from Sept 08

O Total Budget : 4.1 M€ (o] |)(F|EER B
0 2.5 M€ (Department of Industry & Local govemments)
0 Partners (Industries & Universities) DFC ’[\.n,} l DL

0 Composite structure made of glass composites (Pultrusion)
Q Glass composites with embedded optical sensors
0O Double SHM : Embedded optical fibers (FBG) & patch- based ultrasonic sensors @“ -

moutage

- 17 -



National Project DECID2
Budget 4M€ (2008 - 2012)

Figure . Smart Composite Plateforms - DECID2 Project at IRT Jules Verne and Ifsttar Locations

/

2 IFSTTAR DIAMETER OPTICAL FIBER (DECID2)

Diameter of silica = 80mm — High performance polymer coating

Static Tension : 2.5N — Time under loading : 7 days

Good adhesion between silica and polymer — No decohesion at the interface
even for high loading speed tests (Micrographies Sangleboeuf et al., 2010)

- PULTRUSION OF OPTICAL FIBER
AL IFSTTAR
b DURING PROCESSING (DECID2 Consortium)

Test1:FO + tube

Pilote + FO

Optical Fiber + tube

Fiber-Optics Sensors

@ = Al Physical Variables
Temperature
Deformation
i i : i
£ = incidente L tranmmisn | E tl,i

i : :
g I = Lumiden o i
R Mt e
Longeur d'onde de la
— lumiere incidente
I
s Rétro-diffusion |
Rayleigh /1| ¢
( i
| Rétro-diffusion
Rétro-diffusion | Brillouin

Raman J e
y - . Rétro-diffusion
(A'!J.Jin_kfs’ -"f \‘| Raman
0 : (st0kes)
\_,é—‘ﬁ-..* Development of US-based patchs sensors

/ o (guided waves) for monitoring of highly

stressed areas

Longueur d'onda
| nplitude dépendante Décalage en longeur d'onde
de la témepérature dépendant de |a température
et de la déformation

Optical Fiber Pultrusion

"'-7.‘“‘ ) IFSTTAR Optical Backscattering Reflectometer signals

Comparison FO-Mechanical LVDT Signals

ition du rap| Optical Fiber

Fiber-Bragg
Graﬁngs (FBG)
DECID2
PROJECT

Fiber-Bragg
G ratj ngs (fﬁG)

Déform:
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m  IFSTTAR
- Fatigue Tests

u] Th_e strain measured M_id"nt.erns'\i.p Report:
e one disptamed Numerical Simulation of the

by the mechanical

Maximal strain (biue) / Optical fiber strain (black)

0s] i 'W' M i tesing machine Mechanical behavior of a
8 | | '!. 1 | [ 1! - . .
7 ::' | I\\ I|i| |(H|IL || I||| |I li |||||\ ‘I I\ / ||_‘ [ 0 Result of the difference Un.d|reCt|°nal E-glaSS
1] | w h i o
se _U' /Jl l.'.;i'.\ measured by the. Composite Platform DECID2
AR R Y-
ool \}" I|| l] il ‘\ l “J' l\ \L'I 'UJ ofthe area under tonsion Immanuel David Madukauwa-David
o Jézn"az.;’sac;‘sa.s"aa.o“ e optical fiber inserted into Supervisor: Pr. Monssef Drissi-Habti
e under tension, but closer

Figure : Comparison of strain values delivered

X . ) to the neutral axis. MIT-France Internship carried out &
by FBG and the mechanical testing machine i

Introduction & Background First Iteration (SolidWorks & Abaqus)

* Previously: Composite platform
built and experiments carried
out on it.

* Current project aims:

* Predict mechanical behavior
of platform under static
loading

¢ Predict failure modes
around fasteners

* Predict and analyze damage
around embedded optical
sensors

* Predict and analyze matrix
failure in micro-scale

* 3D solid model—Exact replica of platform
* Required excessive processing power/time
« Inefficient for debugging

40

Model And Simulation (Abaqus Only) Model and Simulation

* 3D conventional shell m

* Three-point bending
simulation in 3D
* Load applied along
30cm strip midway
between supports

e Supports modeled as
15 x15 cm encastre ¢ Bolt-nut fasteners modeled
as connector elements of

* Mesh: sufaces
Density E2 E3 G12 G13 G23 bUShin type CONN3D2 Wlth
. . E1[N/ Nu | Nul [ Nu1 g lyp
. - Material | [T | | v .

Conventional shgll 4-node aterial /r::: ot | WL NS W O L Gl modes of deformation

elements, S4R with Ealass unconstrained (see diagram)
: ; omposi

redUCEd Integranon’ te 2.6E-11| 20300 4480| 20300| 0.05] 0.15{ 0.15 2500 2500 8500

hourglass control, and Honeyco

.. . 41 mb 6.5E-11 85 85 85| 0.42] 0.42] 0.42 30 30 30 42

finite membrane strains. —
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Results 500N Results

Example

43

Results Results

1500N 2000N

46

Smart Composite Rebars, GIS DURSI (Canada)
The Automated Road

Fiber-Reinforced )
Polymer (FRP) composit | \ J
are typically made of > T ot
fibers such as, glass, ]
aramid, and carbon in a
polyester or vinyl ester
resin matrix (corrosion-
resistant materials,

lightweight ...)

Radial surfaces of GFRP bars

SEM micrograph of glass fibers
at bar edge

- 20 -




Questions ...

1. Any reinforcement out of adding carbon
nanotubes to polymer matrices ... ?

2. The piezo-resistive properties of carbon
nanotubes used to set-up new sensors ?

IFSTTAR CNTs - Reinforcement Mechanisms

* Crack deviation
* Pull-out (Sliding/Friction)

* Crack-Bridging

Fig. 7. Deformation of e Shers in he componie.

Fig. ¥ Schemis: dewraptaon of pomsible fractars mechanmrms of CNTa a) butial siaie of e ONT, (hi pull-cut casmed by CONT fmaioin. debonding

e of ek el s, (c) rupeie of CNT - oo [ ———r )
Mhrcoquc [ll-oum fracrane of he cuter )t et 10 STt sct honchmg and il of e st 1, ) hridgang and parial debveding of 50
o crack besgmg Haure im ihe

. IFSTTAR

CNT-reinforcement of thermosetting matrix

©® The homogenization method
with the Effective Interface

' % IFSTTAR

- CNT-reinforcement of thermosetting matrix
(Towards ab-initio modelling)

Stress-Strain For EIF: 20

L
Model was used to calculate the Q Interface is assumed to
elastic Young’s Modulus of the - behave viscoelastic as the
Nano-Reinforced composite. polymer that is considered
; Tw _
® The elastic Young’s Modulus of ‘:.i Q0 The CNT behaves elastic
KUBC-CNT the composite decreases with ® o
“ the increase of the orientation @ O Maxwell model is used to
" angle. evaluate the viscoelastic
g - behavior ...
Fi © Imposing viscoelastic behavior 5
;" for the themosetting polymer as e * sn?iﬁ(%) oo ’
B well as a visco-elastic interface,
s - the stress-strain curve was
properly simulated.
v O;lm;:m Ar‘l‘;h(ﬂ:’ﬂ) *
Nano-Reinforcement ... IFSTTAR Nano-Reinforcement ...
:p Under Microindentation Creep Under Microindentation
o 1-v
&p response Creep response e (s h(n)= xFxF,(1)
" — sl 0 5 W 15 M /B I X M0 &5 50
- e 30"
o e 1-v oP(s
: ; -~ o ="Cx [1e-9) e
- i F &
=7 - 2,1
R . P(t)=PH(t)
§ " w § Lan®
= 1-p t
; Loxo’® }:E(f)z % J(:-:)ds
F " h
— » i Secmndary oeep
—— EPCNT S.ai L EE— F
B 1;‘:“'“ . T n.:“'m ST “‘lrn I )n;w‘ m‘an‘ ‘l&ldb‘ lz'uo‘ lillﬂ’ 180" J(t) = Pohn(r)
T ; PUTIY =g

Figure. Indentation creep response curves of monolithic and nano-reinforced
(0.3 wt%) a) vinyl ester and b) epoxy resins

time {secordes)

Fig. 50h shear creep compliance of neat and
nano-reinforced epoxy. The primary creep stage
is clearly highlighted for CNTs-reinforced (NH2-
functionalyzed) resins .

J(t) = J, + 7,(2)
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I

A, IFSTTAR

From Micro to Nano

U Bi-Reinforcement :
» Continuous Carbon Fibers
» Carbon Nanotubes (Low weight fraction ...)

» Epoxy Matrix

U Embedded Nanocomposite Sensors ...

L Low cycle fatigue test in 3-point bending
at 5% above the proportional limit (650 MPa)

2, IFSTTAR

[remm—

B

0.1

-

4, IFSTTAR

> Incorporation de charge dans une matrice

thermodurcissable

>Importance de la dispersion / distribution

C. Robert, J. F. Feller, M. Castro, Utilisati

de senseurs

Embedded Polymer Nanocomposite Sensors
(GIS DURSI - Pr. JF Feller, Uni. Of South Brittany)

Résine Epolam 2020 1% CNT-NH2
14 | —Ressstance relative (%) — deformation (%) T 25
_ 121 f/ 1 ;?
gE . g
= 118
8¢ B
[} |}
a8 61 11 E
2% o 8
2] 058
0 0
1] 200 400 600 800

Temps (s)
» La réponse électrique suit bien la déformation mécanique a la

fois lors des cycles de faible amplitude et jusqu’a la rupture

ites Polyméres Conducteurs (CPC) pour le monitoring

de la déformation des matériaux composites, 31™ Colloue de la Section Ouest du Groupe Francais d'applications des
Polyméres (G.F.P.), 17-18 juin 2010, Le Mans, France

”

4, IFSTTAR

CPC for strain sensing & health monitoring (GIS DURSI)

It is also possible to envisage the
anticipation of structural composite
fracture and make health monitoring with
oPC

[R—— .

4.2012 3508-3515.

CPC sensors can monitor the sail
deformation and monitor its load to
optimize its design

C. Robert, J. F. Feller, M. Castro, ACS Applied Materials & Interfaces.

S ey

.
s
s
2
1
.
4

7.8 Levin, C. Robert, J. F. Feller, M. Castro, J. C. Grunlan,

Smart P|35ﬁ05® Smart Materials & Structures. 22 (2013) 1-9. o8
/ EVEREST PROJECT Introducti
2 ntroduction 4
C ) IFSTTAR GIS DURSI, Alstom, Europe Technologies & 'FSTTAR

IRT Jules Verne
Wind Turbine Blade / Bi-Reinforced Smart
Composites

Budget : 1.5M€ (2014 - 2017)

!

Vent

| Giotharmie el
' pompes & chalesr (kip)
L 20052206
| 2009:915
2020: 2350

Fouad ECH CHEIKH

03 décembre 2014

on 2020

" 3

chaleur (kizp)
20059153

1009 . 9776
2020 : 16455

| m s
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Wind energy production — world wide

» Less than 6% of energy is produced by
wind power before some years.

» China, Europe and America have an
importance in wind energy production
compare to rest of the world.

[ 146 000 W5 201 a0ie

1 B B drearicns 1 Asis 8 Flaetof g weorkl W it

1 Dewdlopment of installed wind power in the wo.
faresoen 2902701, fa
&0 IFSTTAR

Wind energy production - Europe

> Europe really focus on the big wind turbines to reduce the cost of energy.

> Cost of energy is a function of cost of installation and cost of maintenance.
That increases similarly the power production by introducing new
technology in rotor adjustment.(so long blades)

Europe large

SeaTitan 10MW Wind Turbine — USA
Areva 8MW wind turbine — France
Vestas V164-8.0 MW - Denmark
Enercon E-126/7.5 MW - Germany

Wind energy production - France

France may be the world’s most nuclear energy dependent country.
But the nuclear energy production decreases from 75 % to 50 % by
developing the wind renewable energy production.

Wind energy in France focus on Northern pole and western costal
areas. (ours western offshore)

Current level 8.2 GW, and 2020 aim 19 GW, according to the
European Wind Energy Association.

e

WIND TURBINE BLADE’S MATERIAL
DEVELOPMENT- NUMERICAL
SIMULATION

Venkadesh Raman, Monssef drissi habti
Ifsttar, France

\@) IFSTTAR

Boundary condition applied

* Load is fixed at the root section.

* Bending load is applied.
¢ Bending load applied in 3 points.

* Aim is to approach this experimental condition.

(\\J IFSTTAR

FI Wind turbine blade Iﬁ

e e

< >
\r

O T '
‘-{:ﬁ\ AJ %wAﬁ
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Carbon fiber - Unidirectional- Angle ply

Carbon fiber - Satin fabrics — Angle ply

Carbon fiber - unidirectional- Cross ply

Y ERaes

Carbon fiber — satin fabrics - Cross ply

Glass satin fabrics skin and
unidirectional tape spar

Von Mises stress shows
overall stress improvement
to unidirectional spar

Numerical study for specimens

«  The objective is to compare the experimental result with numerical study.

»  The specimen contains several plies

+  The fiber optics are included in the numerical simulation between the plies.
»  The fiber optic’s position influence the strain sensing characteristics.

» 3 point bending load is applied.

- 24 -




Composite Material Experimental Study

sitian of fiber i
ties mecordingte |
sralasis

/L IFSTTAR

Structural Health Monitoring of Mechanically-
Loaded High-Voltage Cables for Offshore
Applications

IFSTTAR (www.ifsttar.fr) & CEA (www.cea.fr) Joint Project

F. ECH CHEIKH, M. DRISSI-HABTI
PRES LUNAM IFSTTAR, CS4 Route de Bouaye 44344 Bouguenais

Fouad ECH CHEIKH

03 décembre 2014

High-Voltage Cables

2, IFSTTAR

6 MW per Unit

Ferme offshore

Fouad ECH CHEIKH

03 décembre 2014

Cable sous-marin THT: Les composants et leur
role

Les composants du cable sous marin THT

Conducteur
toronné

Fouad ECH CHEIKH

03 décembre 2014

., IFSTTAR

Scope of the Project

* To check the defects of High-Voltage Cables prior
to installation in deep sea ... Create progressive
damage and check electrical — mechanical
properties of cables

* To every damage stage corresponds a localized
heat value ...

* In case of high localized heat value, stop
installation ...

- 25 -




Experimental Aspects ...

Under fatigue, increasing

heat with increasing the )

number of broken wires — T

Use of optical fiber for (
heat measures

Increasing damage

wires)

(Progressive rupture of copper >
\ —

Fatigue Bench

age de protecti
(isolant)

Fd

Chbk

Wrin

e ||

r— R
de

contrilel

< — g

Electrical power fatigue fatigue réflectométrie r::n;.:- B
Fatigue Bench — - T

Numerical Modeling Results

4 cable 1+6
= :‘." (1 ame et 6 fils)

8, » | I
e

coupe A-A

Page 81

Multi-scale modelling of carbon
nanotube/polymer nanocomposites

Ehsan Hajiesmaili, Monssef Drissi-Habti

Department COSYS, IFSTTAR, Nantes,
France

Introduction
A code is developed to simulate
mechanical behaviour of CNT reinforced
composites under tension, compression
and torsion.

Features

This code enables investigation of effect
of each of the following parameters on
the mechanical behaviour of the
composite undergoing large
deformations:

¢ CNT orientation

¢ Fiber volume ratio

* Length and diameter of the CNT

« Chirality of the CNT
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Matrix is analysed at
continuum-scale

—

* Introduction

* Atomistic model for the CNT

* Continuum model for the matrix
* Multi-scale model for the RVE

* Simulation sample

CNT is analysed at
atomistic-scale

Interface is analysed at
atomistic-scale

Bond modelling Mathematical formulation for CNT

Find atom displacement field, U, such that total potential energy,
E, is minimized where
E(U)=) BStretchingbonds 747 (U) + Y MBendingbonds 74448

DREIDING force field: (U) + ¥ ETorsionbonds 15£1lg (U) +Wlexternal

Bond stretching potential
Llr=Dle [eT-f(rlij—rie)
—1]712

Bond angle bending potential
El8=1/2 Clijk (cos@lijk —cos
BLijkT0 )12

Bond torsion

Elp=1/2 Viijk! {1—cos[nljk (
Plijkl—PliklT0 )] }

LA

& Non-Bonded Nonlinear finite element formulation
Interaction
In other words
U=arg min{£(U)}
>F(U)=0E/IU =0
Newton-Raphson’s method is used to solve the nonlinear system
of equations:
O=F(UTi+1 )=F(UTk )+_0F/0U (UTh+1) K AU
Positive definiteness of the stiffness matrix is checked to insure
| that the optimum point is a minimum.

Bond Angle
Bending

Torsion

Development of a nonlinear FE code Verification of the FE code
. 140 T
[A MATLAB function is developed to ] - —o-DFT*

* specify the initial nodal positions,

—Present
« specify element connectivity, and _ 100 method T
» generate an ABAQUS input file. § 50
[An ABAQUS user-element is developed to ] £ o
o formulate element stiffness matrices. 2 2
[ABAQUS CAE is employed to ] 20
* assemble element stiffness matrices, 0 L
¢ solve the linear system of equations at each 0 005 01 015 02 025

increment, and
¢ view the results.

v

Strain

*H. Mori, Y. Hirai, S. Ogata, S. Akita, Y. Nakayama, Japanese
Journal of Applied Physics 44(2005) L1307-L1309
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Introduction

Atomistic model for the CNT
Continuum model for the matrix
Multi-scale model for the RVE
Simulation sample

Mathematical formulation

Find displacement field, U, such that total potential energy, E, is minimized
where

Flmatrix (J)= Q15 (5€)d) + Wiexternal

A linear elastic model is considered for the matrix

o=2ue+Atr(e)/

Nonlinear finite element formulation

The continuous displacement field is approximated by finite dimension
displacement vector &

U=argmin{£(U)}

SF(U)=0E/30 =0

Newton-Raphson’s method is used to solve the nonlinear system of
equations:

0=F(U 1+ 1 )=F(U Tk )+_0F/oU (U Th+1) +KAY

Positive definiteness of the stiffness matrix is checked to insure that the
optimum point is a minimum.

Mesh size determines density
of interface bonds, here we
considered a mesh size of
0.518nm

A near-to-equilibrium
configuration is considered for
the matrices

A relaxation step is performed
to obtain the relaxed
configuration of matrix

At each increment of the
relaxation step the stress in
matrix is released

* Introduction

* Atomistic model for the CNT

* Continuum model for the matrix
* Multi-scale model for the RVE

* Simulation sample

Mathematical formulation

Lennard-Jones potential is used for non-bonded interaction
between CCNT atoms and matrix nodes

Cut-off distance of 2.5« is considered, i.e. CCNT atoms are

connected to matrix nodes if their distance is less or equal to 2.50.

Development of a nonlinear FE code
for interface

[A MATLAB function is developed to ]

e specify element connectivity, and
¢ generate an ABAQUS input file.

[An ABAQUS user-element is developed to ]

o formulate element stiffness matrices.

[ABAQUS CAE is employed to ]

* assemble element stiffness matrices,

e solve the linear system of equations at each
increment, and

e view the results.
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Mathematical formulation

Find discretized displacement, &' ={& /Matrix ,ZdCNT }, such that
total potential energy, £, is minimized where

E(U)=EICNT +£IMatrix +£/Interface + /#//External

Therefore

U=arg min{£ )}

=F(U)=0E/0U =0

Newton-Raphson’s method is used to solve the nonlinear system
of equations:

O=F(U Th+1 )=F(U 1k )+ _0F/3U (U 1i+1) wK AU

Positive definiteness of the stiffness matrix is checked to insure
that the optimum point is @ minimum.

Introduction

Atomistic model for the CNT
Continuum model for the matrix
Multi-scale model for the RVE
Simulation sample

Step 1: relaxation step
Step 2: loading step

ANR (French National Research Agency)
http://www.anr.fr

Enhancing the visibility of French research

ANR plays an active role in European and international research policy and
makes French research more visible by taking an active part in a variety of
European and worldwide forums and governing bodies.

At the global level, ANR is a member of:

The Global Research Council (GRC): a virtual organisation comprising the
heads of science and engineering funding agencies from around the world,
The G8-HORCs (G8 Heads of research councils), which brings together the
leaders of the research organisations of the G8 countries and which
notably led a pilot action to fund international projects

The European Science Foundation (ESF)

Finally, ANR is largely involved in the European networks such as ERA-
NETs and Joint Programming Initiatives (JPIs).

ANR (French National Research Agency)
http://www.anr.fr

Building the European Research Area and France's international attractiveness

ANR provides French research teams with funding instruments designed to help increase the

excellence, the impact and the outreach of French research. It also aims at promoting

collaborative research in Europe and the world, thereby stimulating the emergence of high-

level research partnerships. Its actions are complementary to the instruments of the

European Commission's funding programme — Horizon 2020.

To meet these objectives, ANR proposes four types of international instruments:
1. To simplify and strengthen the bilateral partnerships of researchers: the collaborative
research projects — International (PRCI) can be mobilised under ANR's annual generic
call for proposals

. To simplify and strengthen the bilateral partnerships of researchers on targeted themes
or disciplines: ANR launches specific European and internationals calls for proposals

. To facilitate the hosting of world-renowned researchers: a specific annual call is put out
under a dedicated funding instrument named "Hosting High-Level Researchers »

~

w

4. To enhance the influence of French research on the European and international scene:
the
MRSEI" (Setting up European or International Scientific Networks)" instrument also
forms the subject of a specific call

ANR (French National Research Agency)
http://www.anr.fr

ANR's international funding instruments
Type of project  Instrument Generic or specific call ?

0 Collaborative bilateral projects including one or more teams from a particular
country  Collaborative research projects - International, PRCI - Generic call
for proposals

O Collaborative bilateral projects including one or more teams from a particular
country - Specific calls for bilateral project proposals  Specific call for
proposals

QO Collaborative multilateral projects including one or more teams from several
particular countries - Specific calls for multilateral project proposals - Specific
call for proposals

Q Scientific networks including one or more European or international teams

Setting up European or International Scientific Networks (MRSEI) - Specific
call for proposals

O Individual project of a researcher of any nationality who wishes to come and
work in a French research organisation Hosting High-Level Researchers

Specific call for proposals
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ANR (French National Research Agency)
http://www.anr.fr

*  Economic impact of research and competitiveness

*  This component of the Work Programme aims to facilitate partnerships with private
companies and promote the transfer of public-funded research to industrial
applications.

* Tothis end, the French National Research Agency supports public-private partnerships
that have a direct impact on the economy and competitiveness, via the collaborative
research projects involving enterprises (PRCE) instrument, which falls within the scope
of the generic call for proposals. In addition to this instrument, this component is also
based on the following specific programmes:

0O LabCom : For the purpose of establishing joint research laboratories between
public research institutions and SMEs
O Industrial chairs : For the purpose of establishing chairs at public research
facilities, in partnership with enterprises, and financed jointly by the latter and the
ANR
QO Carnot Institutes : For the purpose of promoting the development of contractual
research between public research institutions and private companies

ANR — PCRI Calls

Bilateral collaborations under the generic call for proposals: the PRCIs

— The generic call 2015 enables researchers to submit bilateral projects with certain
countries. These international projects are in direct competition with national
projects. To this end, ANR has created the "PRCI" instrument, a French acronym for
Collaborative Research Projects — International.

— ANR has created partnerships with various foreign counterparts to facilitate
international collaborations between researchers:

— For some collaborations, a project can be submitted on all the themes proposed in
the generic call;

— For others, the thematic field is limited. For those partnerships targeting specific
themes, ANR and its counterparts aim to continue the theme over two or three
years to encourage the emergence of high-quality projects.

— Whatever the case, strong synergies are expected and should be materialised by a
balanced involvement of the French and foreign partners and by the designation of
a scientific coordinator in each of the countries.

ANR — PCRI Calls
Conditions of applications

Case n°1: Si u. ion and ion by each agency
For certain partnerships, the French and foreign coordinators must submit their proposal to
their respective funding agency simultaneously, complying with the conditions of each one.
The funding agencies manage the evaluation of the proposals in accordance with their own
specific procedures and then coordinate their decisions.

Case n°2: "Lead agency" procedur
The "lead agency" procedure is one of the most sophisticated forms of bilateral partnership
between agencies (facilitate the procedure). It also simplifies the selection process, which is
carried out by a single agency using its own specific methods.

O For 2015, ANR is ensuring the reception and evaluation of the projects on behalf of the
agencies for Germany (DFG), Switzerland (FNS), Austria (FWF) Luxembourg (FNR) and
Brazil (FAPESP, State of Sao Paulo),

O 1tis also possible, outside these bilateral agreements, to submit projects in
collaboration with one or more foreign teams from any country. In this case, the
foreign teams must ensure their own funding (from their own funds or their own
country's funding instruments). The applicant must submit the project using the "PRC"
or "PRCE" instrument of the generic call, not the "PRCI" instrument.

PCRI Programs (Examples)

Bilateral collaborations under the generic call for proposals - the PRCIs at a glance
Country Eligible collaboration themes

Germany : All the societal challenges and the all-knowledge challenge of the generic call
Brazil — State of Sao Paulo : Neurosciences, cardiovascular diseases and metabolism
Marine research, Social sciences and humanities

China Water security and watershed management, Water cycling in watershed and its
response to global change, Impacts of human activities on water security in watershed,
remediation and water management

Romania : ELI (Extreme Light Infrastructure), Research Infrastructure (DANUBIUS)
Singapore : Materials, nanotechnologies, nanosystems

Turkey : Marine Geosciences, Seismic risks, Sustainable development of Marine ecosystem,
Social science and Humanities, Energy

Taiwan : All the societal challenges and the all-knowledge challenge of the generic call,
except for societal challenge 9 "Freedom and security of Europe, of its citizens and of its
residents »

ANR — International Cooperations

O Apart from the bilateral collaborations proposed within the framework of the generic call, ANR -
jointly with its foreign counterparts - organises calls for proposals on targeted themes or
covering particular disciplines. These can be bilateral calls or calls launched as part of European
or global multilateral initiatives.

O In relation with the major societal challenges of its Work Programme, ANR is developing
multilateral partnerships with its European counterparts in the framework of the joint European
actions such as ERA-NETs, ERA-NETs Cofund or Joint Programming Initiatives (JP1). These actions are
materialised in particular by the fact that the network partners regularly launch international calls
for proposals on targeted themes in which each country funds its own national researchers.

O These actions are complementary to those carried out in the context of the European
Commission's research funding programme, Horizon 2020.

O Moreover, ANR establishes partnerships with funding agencies from the major research countries
on specific themes or themes corresponding to major societal issues of global reach: bilaterally
(NSF in the United States, JST in Japan, DFG in Germany, etc.)

In practice : These initiatives generate specific calls for proposals. For each specific call, a call for
proposals text common to the participating agencies and detailing the eligible themes, the file
submission conditions and the evaluation and selection methods, is published on the ANR website.

Projects - Examples

Germany (DFG), Japan (JST)
Multilateral call SPPEXA Software for
exascale computing 01-Oct-2014 31-Jan-15

Japan (JST) Bilateral call ANR-JST
Molecular Technology
30-Jan-15 11-May-15
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ANR — Hosting High Level Researchers

* In a global context of researcher mobility, ANR wishes to help reinforce the
scientific positioning of France while at the same time offering a first-class
welcome to foreign researchers. Consequently the agency is proposing a funding
instrument dedicated to individuals baptised "Hosting High-Level Researchers"
to enable scientists of any nationality to come to France and conduct a research
project in a reputed organisation in France. The ANR funding is designed to help
French laboratories fulfil their role as host and the researcher to carry out his or
her project.

« This instrument forms the subject of a specific call for proposals which is open to
all scientific domains and targets two researcher profiles: leading world-class
scientists whose career is widely recognised across the globe, and young
researchers with high potential who can prove a record of excellence on the
international scene.

* The reply to this call is a collaborative effort between the researcher and the
hosting institution.

ANR — Hosting High Level Researchers

* Aims to promote the hosting of prominent junior or senior researchers from abroad, by
offering them substantial funding to carry out an ambitious research project in various
new domains that have received little, if any, attention in France. The programme is
intended to enable hosting institutions to strengthen their international visibility and
appeal through innovative research while enabling them to integrate new international
networks.

* To this end, the Hosting High-Level Researchers call will offer the selected researchers
substantial funding — up to €500,000 to junior researchers and up to €1,000,000 to
senior researchers.

*  Will enable these scientists to carry out their basic or industrial research project for a
period of 36 to 48 months. The ANR funding can cover all or part of the researcher's
salary.

* Characterized by its outstanding flexibility and strengthened efficiency, with the aim of
sustainably attracting to France new talents from any country (simplified eligibility
criteria; maintaining the funding to strengthen the project if additional financing is
obtained; portability of funding to another institution if a candidate is recruited on a
permanent contract).

Map of international projects co-funded

Map of international projects co-funded
2006 - 2013

2006 - 2013
JAPAN
Germany 518 United States of America 45 Brazil 18 Hong Kong 7 FUNDING ORGANISATION  CALLTHEMES / DISCIPLINES YEAR(S)
Spain 169 Israel 39 Poland 18 Slovenia7 JSPS Joint multilateral call for proposals “G8-HORCs” ICT (2010), Materials (2011),
United Kingdom 131 Switzerland 37 Denmark 16 Belmont Forum (2012) 2010-2012
Slovakia2 Italy 100 Japan 35 Greece 16 Algeria 4 JSPS Bilateral joint call for proposals “CHORUS”  Social sciences and humanities 2011
Cyprus 1 Austria 82 Belgium 34 Hungary16 Singapore 4 JST Fl'ash call‘”'Great Tohoku Earthquake” Environment ?011
N JST Bilateral joint call for proposals  ICT, Nanotechnologies 2010
Czech Republic 1 Portugal 66 Sweden 34 Norway 15 A L .

.. . . _ JSPS Opening of the Blanc programme Social sciences and humanities 2008
Tunisia 4 Lithuania 1 Netherlands 59 Romania 30 JST Opening of the Blanc programme ICT, Nanotechnologies 2008-2010
Ireland 12 Egypt 3 China 55 Finland 25 Luxembour 12
Island 3 Canada52 Turkey 20 India 8 Latvia 2
Taiwan 47 Mexico 19 Morocco 8 South Korea 2

ANR - Collaborations ANR — JAPAN Joint Calls
* FUNDING ORGANISATION CALL THEMES / DISCIPLINES
» The ANR fosters the development of collaborative research in YEAR(S)
Europe and throughout the world. Indeed, the agency facilitates
the co-funding of research projects between teams from different * JSPS Joint multilateral call for proposals “G8-HORCs” ICT (2010),
countries. It signs agreements with counterpart agencies in the Materials (2011), Belmont Forum (2012) 2010-2012
world. They can concern targeted themes or be open to all the « JSPS Bilateral joint call for proposals “CHORUS”  Social sciences
research themes funded by ANR. Each agency funds the teams and humanitiés 2011 prop
from their respective country. L Y )
e JST Flash call “Great Tohoku Earthquake” Environment 2011

¢ These agreements are implemented in the context of the generic
call for proposals or through the launching of specific international
calls for proposals: bilateral or multilateral calls for proposals,
multilateral calls launched in the framework of ERA-NETSs or joint
programming initiatives (JPIs).

« JST Bilateral joint call for proposals ICT, Nanotechnologies 2010
* JSPS Opening of the Blanc programme  Social sciences and
humanities 2008

e JST Opening of the Blanc programme
2008-2010

ICT, Nanotechnologies
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H2020 Call for Projects (EU)

What is Horizon 2020?

* Horizon 2020 is the biggest EU Research and Innovation
programme ever with nearly €80 billion of funding
available over 7 years (2014 to 2020) —in addition to the
private investment that this money will attract. It promises
more breakthroughs, discoveries and world-firsts by taking
great ideas from the lab to the market.

* Horizon 2020 is the financial instrument implementing the
Innovation Union, a Europe 2020 flagship initiative aimed
at securing Europe's global competitiveness.

H2020 - Goals

Seen as a means to drive economic growth and create jobs, Horizon 2020 has the
political backing of Europe’s leaders and the Members of the European Parliament.
They agreed that research is an investment in our future and so put it at the heart of
the EU’s blueprint for smart, sustainable and inclusive growth and jobs.

By coupling research and innovation, Horizon 2020 is helping to achieve this with its
empbhasis on excellent science, industrial leadership and tackling societal challenges.
The goal is to ensure Europe produces world-class science, removes barriers to
innovation and makes it easier for the public and private sectors to work together in
delivering innovation.

Horizon 2020 is open to everyone, with a simple structure that reduces red tape and
time so participants can focus on what is really important. This approach makes sure
new projects get off the ground quickly —and achieve results faster.

The EU Framework Programme for Research and Innovation will be complemented by
further measures to complete and further develop the

European Research Area. These measures will aim at breaking down barriers to create a
genuine single market for knowledge, research and innovation.

H2020 -
What is a Work Programme ?

* Funding opportunities under Horizon 2020 are
set out in multiannual work programmes, which
cover the large majority of support available.

* The work programmes are prepared by the
European Commission within the framework
provided by the Horizon 2020 legislation and
through a strategic programming process
integrating EU policy objectives in the priority
setting.

Horizon 2020 programme sections

Q Excellent Science

O European Research Council

WFuture and Emerging Technologies

WMarie Sktodowska-Curie actions

WEuropean Research Infrastructures, including e-
Infrastructures

H2020 - Scopes

¢ Industrial Leadership

¢ Leadership in Enabling and Industrial Technologies

Q Information and Communication Technologies

Q Nanotechnologies, Advanced Materials, Advanced Manufacturing and
Processing, and Biotechnology

Q Space

e Access to risk finance

* Innovation in SMEs

H2020 — Main Topics

Societal Challenges

Health, Demographic Change and Wellbein

Food Security, Sustainable Agriculture and Forestry, Marine, Maritime and Inland
Water Research and the Bioeconomy

Secure, Clean and Efficient Energy

Smart, Green and Integrated Transport

Climate Action, Environment, Resource Efficiency and Raw Materials

Europe in a changing world - Inclusive, innovative and reflective societies

Secure societies — Protecting freedom and security of Europe and its citizens
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H2020
Factories of the Future

FoF 1 —2014: Process optimisation of manufacturing assets

FoF 2 —2014: Manufacturing processes for complex structures and geometries with
efficient use of material

FoF 3 —2014: Global energy and other resources efficiency in manufacturing enterprises
FoF 4 — 2014: Developing smart factories that are attractive to workers

FoF 5 —2014: Innovative product-service design using manufacturing intelligence

FoF 6 —2014: Symbiotic human-robot collaborations for safe and dynamic multimodal
manufacturing systems

FoF 7 —2014: Support for the enhancement of the impact of FoF PPP projects

FoF 8 —2015: ICT-enabled modelling, simulation, analytics and forecasting technologies FoF
9 —2015: ICT Innovation for Manufacturing SMEs (14MS)

FoF 10 — 2015: Manufacturing of custom made parts for personalised products

FoF 11 —2015: Flexible production systems based on integrated tools for rapid
reconfiguration of machinery and robots

FoF 12 —2015: Industrial technologies for advanced joining and assembly processes of
multi- materials

FoF 13 —2015: Re-use and re-manufacturing technologies and equipment for sustainable
product life cycle management

FoF 14 —2015: Integrated design and management of production machinery and processes

H2020
Energy-efficient Buildings

EeB 1 - 2014: Materials for building envelope

EeB 2 — 2014: Adaptable envelopes integrated in building refurbishment projects

EeB 3 —2014: Development of new self-inspection techniques and quality check measures
for efficient construction processes

EeB 4 —2014: Support for the enhancement of the impact of EeB PPP projects

EeB 5—2015: Innovative design tools for refurbishment at building and district level

EeB 6 —2015: Integrated solutions of thermal energy storage for building applications

EeB 7 —2015: New tools and methodologies to reduce the gap between predicted and
actual energy performances at the level of buildings and blocks of buildings

EeB 8 —2015: Integrated approach to retrofitting of residential buildings

EE 1 —2014: Manufacturing of prefabricated modules for renovation of building (see
section 10)

EE 2 —2015: Buildings design for new highly energy performing buildings (see section 10)
EE 3 —2014: Energy strategies and solutions for deep renovation of historic buildings (see
section 10)

H2020
Sustainable Process Industries (SPIRE)

SPIRE 1-2014: Integrated Process Control

SPIRE 2-2014: Adaptable industrial processes allowing the use of
renewables as flexible feedstock for chemical and energy applications

SPIRE 3-2014: Improved downstream processing of mixtures in
process industries

SPIRE 4-2014: Methodologies, tools and indicators for cross-sectorial
sustainability assessment of energy and resource efficient solutions in
the process industry

SPIRE 5-2015: New adaptable catalytic reactor methodologies for
Process Intensification

H2020
High-performance production

¢ Pilot line for OLEDs on flexible substrates (ICT 28.b-2015)

¢  Pilot line for analytical mid-infrared (MIR) micro-sensors (ICT 28.b-2015)

¢  Pilot line for PIC fabrication on I1I-V and/or dielectric based platforms (ICT 28.b- 2015)
*  Pilot activities under the initiative "Factories of the Future"

Q Pilot lines for symbiotic human-robot collaborations (FoF 6-2014) Flexible
production systems based on integrated tools for rapid reconfiguration of
machinery and robots (FoF 11-2015), Industrial technologies for advanced joining
and assembly processes of multi- materials (FoF 12-2015)

O Integration of novel nano materials into existing production and assembly lines
(NMP 2-2015)

QO High definition printing of multifunctional materials (NMP 4-2014)

O Industrial-scale production of nanomaterials for printing applications (NMP
5-2014)

O Scale-up of nanopharmaceuticals production (NMP 8-2014)

H2020
Smart Structures

* Pilot activities related to smart structures: lightweight, high
strength and functional materials and manufacturing processes
addressed to the transport, building and other sectors

* Pilot activities related to smart structures under the initiative
Energy-efficient buildings:
O Pilot lines for mechanical and electromagnetic resilient envelope
(structures, buildings) (EeB 1-2014: Materials for building envelope)
] Manufac)turing of prefabricated modules for buildings renovation (EE
1-2014

U Open access pilot lines for cost effective nanocomposites (NMP
1-2014)

O Manufacturing and control of nanoporous materials (NMP 3-2015)

U Innovation actions related to Advanced Thin, Organic and Large Area
Electronics (TOLAE) technologies (ICT 3b — 2014)

H2020
Nanotechnologies

* Horizon 2020 aims to advance scientific knowledge of the potential impact of

nanotechnologies on health or on the environment, and to provide tools for risk
assessment and management along the entire life cycle.

* Expected impact:

O Supporting European competitiveness through accelerated market uptake of nano-
enabled products

0O Improvement in existing manufacturing processes and industrial productivity

0O Contribution to improved technical knowledge

O Promoting safe-by-design approaches and contributing towards the framework of
EU nanosafety and regulatory strategies (including standardisation)

O Providing significant long term societal benefits in terms of improved health care
and improved quality of life

O Wherever relevant, key principles to encourage a responsible approach to research
and innovation are included in the work programme. Particular attention will be
given to societal engagement and the respect of ethical and safety principles.

- 33 -




H2020
Research in Production

* Manufacturing has a bright future in Europe in a sustainable, knowledge-based
society. There is a strong indication of the re-emergence of the EU manufacturing
sector as part of the new sustainable economy — in technical, environmental and
social terms. But it is clear that such sustainable development requires continuing
innovation in the underpinning products and processes, with a need for consistent
and effective research over the next decade based on a clear and long-term vision.

« European companies, particularly SMEs, must evolve and modernise their production
processes. New engineering approaches exploiting nanotechnologies, flexible
manufacturing, stimulating working environments, ambient intelligence and clean
processing should be fostered. This requires more networking, increased flexibility,
adapted structures, stronger links between research and innovation, increased added
value in products, production and services, and decreased environmental impacts.
Research into production processes is therefore a key issue.

H2020
International Cooperation

International Cooperation is vital if research is to fully tap its potential.
Active and more strategic international cooperation will also contribute to
achieving the EU's wider policy objectives.

Research and innovation are increasingly interlinked internationally, in a
landscape that has been changing rapidly. Alongside industrialised
countries, emerging economies have been strengthening their research
and innovation systems. The new International Cooperation strategy
focuses on research and innovation, in areas of common interest and
mutual benefit.

Extend the frontiers of scientific knowledge

H2020
International Cooperation

The European Union is a world leader in research and innovation, responsible for 24% of
world expenditure on research, 32% of high impact publications, and 32% of patent
applications, while representing only 7% of the population.

Excellent science is at the foundation of economic prosperity and wellbeing. Therefore
Horizon 2020 continues to fund the very best science, rewarding top researchers from
Europe and beyond, funding also the establishment of world-class research infrastructures.
Researcher training, mobility and career development will continue to be encouraged.

Global challenges are important drivers of research and innovation. Our planet has finite
resources which need to be cared for sustainably: climate change and infectious diseases do
not stop at national borders, food safety needs to be ensured across the globe. For global
challenges, worldwide answers are needed and collaboration with developing countries will
emphasise joint solutions to specific difficulties, whether it be

water management, energy security, agricultural development or particular health issues.

Invest in competitive industries

Make industry, and notably

SMEs, more competitive by linking research firmly to innovation, leading to better products
and services across the globe. Horizon 2020 will build industrial leadership by supporting
business R&I and bringing together the public and private sectors from all over the world.
Efforts will concentrate on key enabling technologies - such as advanced manufacturing,
microelectronics, nanotechnology and biotechnology — that underpin innovation across
many industries and sectors.

International strategy of EU

(a) Strengthening the Union’s excellence and attractiveness in research
and innovation as well as its economic and industrial competitiveness — by
creating win-win situations and cooperating on the basis of mutual
benefit; by accessing external sources of knowledge; by attracting talent
and investment to the Union; by facilitating access to new and emerging
markets; and by agreeing on common practices for conducting research
and exploiting the results;

(b) Tackling global societal challenges — by developing and deploying
effective solutions more rapidly and by optimising the use of research
infrastructures; and,

(c) Supporting the Union’s external policies — by coordinating closely with
enlargement, neighbourhood, trade, Common Foreign and Security Policy
(CFSP), humanitarian aid and development policies and making research
and innovation an integral part of a comprehensive package of external
action.

H2020
Participation of Japan

* Japan and more largely extra-EU countries can be
partners of H2020 Projects

* Their participation of Japan must be scientifically
justified

* Those countries (Japan) must bring their own
funding ...
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