)
& \NFRASTAR

Innovation and Networking for Fatigue and
B Reliability Analysis of Structures i Training for
Assessment of Risk

Mid-Term Review Meeting

Odile ABRAHAM (project coordinator)
Hakim FERRIA (project manager)

French institute of science and technology for transport, development and networks

This project has received funding from the
European Unionés Horizon 2020 res
innovation programme under the Marie 06/06/2018
Sk § o d cQueelg@nt agreement No 676139

earch__and . . . .
id-Term Review Meeting, Aalborg University




)

& \NFRASTAR Overview
A Scientific
I Context, objectives, main results, network synergy
A Training

I Programme, complementary s&dlsndments, open
training events

A Networking
I Interaction, dissemination, outreach activities

A Management
I Recruitment, management, budget

=i

T IFSTTAR ,

06/06/2018  Mid-Term Review Meeting, Aalborg University



’I,NFRASTAR Context

Civil infrastructures are the basis of socio-economic wealth
for modern societies.
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Context

Concrete is the most

used material in volume in the world
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’I’NFRASTAR Context

A Traffic increase
A Climate change

A CO2 emission

A Increasing demand for housing, water, energy,
mobility
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Context

FATIGUE «— CONCRETE

Limitations:

#1Concretestructures arsubjectedo fatigue

#2Currentechnologicameanso measurdatigue ar@utdated
Imprecise andinappropriate

#3 Therés alackof theoreticabndpracticaldevelopmentsf
probabilistianethods
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JNFRASTAR ObjeCtiveS

A 3 major challenges:
I Todevelop new relevant auscultation and megagtamg.

I Toreduce and optimize the safety margin encountered in win
turbine and bridge design in the assessment of r~~ininn~

P

strength.
I Tooptimize design and life opdes.

-
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II,NFRASTAR Strate gy

Innovation and Networking for Fatigue and Reliability
Analysis of Structures 1 Training for Assessment of Risk

A 3 scientific Work Packages
I WP1: Monitoring and auscultation
I WP2: Structural and achodels
I WP3Reliabilitgpproachdsrdecisiommaking

A WP4: Recruitment and training policy

A WP5: Management, dissemination, outreach and
business opportunities
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The network

8 beneficiaries

A 4 academic institutions

A 4 industries
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& NFRASTAR The network

8 beneficiaries
‘ A 4 academic institutions
L — 11— NeoStrain A 4 industries
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& NFRASTAR The network

~ ™~
/ \ 3 partner organisations
\ / =] EH-'FAGE
N —~ Im / \V@Lemo
V
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& NFRASTAR The network

1 advisory board with 7 members 0 ‘%@ DB
. i b UNIVERSITY OF ; BA M
m Ifgg?i‘gtlon :‘:"“'}". SURREY ToTAL Politechnika
DNV-GL Wroclawska
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II’NFRASTAR ESRs of WP1

), IFSTTAR 13
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ESR3 Joyraj Chakraborty
@

E NeoStrain
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ESR4 Imane Bayane

@
(P

ECOLE POLYTECHNIQUE
#~~ FEDERALE DE LAUSANNE
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II’NFRASTAR ESRs of WP2

ESR5 Bartek Sawicki

@
(P

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE
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ESRS8 Joey Velarde
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’I’NFRASTAR ESRs of WP3

ESR9 Amol Mankar

AALBORG UNIVERSITY
DENMARK
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ESR10 Morteza Ahmadivala i
1 ,

), IFSTTAR 22

06/06/2018  Mid-Term Review Meeting, Aalborg University



ESR11 Sima Rastayesh

(((@

AALBORG UNIVERSITY
DENMARK
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ESR 12 Lijia Long
@

2 BAM

I
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& \NFRASTAR Overview
A Scientific
I Context, objectives, main results, network synergy
A Training

I Programme, complementary s&dlsndments, open
training events

A Networking
I Interaction, dissemination, outreach activities

A Management
I Recruitment, management, budget
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) WP1
& NFRASTAR Monitoring and auscultation

To smarten the structures.
ultrasonics
NDT par amet €
fatigue

IFSTTAR NeoStrain -(I)ﬂ-

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE
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) WP1
& NFRASTAR Monitoring and auscultation

What was done? What are the results?

I Stateof the art

I Throughouweview of Non Destructive Testiaggdae damage
assessment

I Practicaiandsonon Non Destructive Evaluation methods (ext
skills)

I JointimplementationfFibreOptics aneEmbeddedltrasonic
sensors in several meter size test specimen specially design

I Processingf datasharingof data (BLEIB specint@gide
I'’Annealu

I ModellingfFibreOptics coatingransferfunction
I Crackmonitoring andizing

), IFSTTAR 31
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) WP2
& INFRASTAR Structural and action models

To Improve structural and fatigue
loading models.

Reinforced Concrete Extreme Actions
and UHPFRC (traffic, wind)

(P

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE
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) WP2
& INFRASTAR Structural and action models

What was done? What are the results?

I Stateof the art M

I Structures Bridge, WT foundation, soil, Reinforced c
and UHPFRC

" Actions: Windtrafficwaves

Datacollection (monitoring), data extrapolation
—atigueesistancanodels (frohteratureata)
—atiguéoadingmodels (including case studies)

“2),IFSTTAR 37
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) WP3
& NFRASTAR Reliability approaches for decision-making

To Improve the risk assessment for
decision-making.
Value of
Information

((( @ < BAM

AALBORG UNIVERSITY PHIMECA
st engineering

DENMARK Solutions for robust ¢
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) WP3
& \FRASTAR Reliability approaches for decision-making

What was done? What are the results?

I Stateof the art M

I ProbabilistidrameworKorreliability assessment

| StatisticaBnalyses and stochastic mod@ased on data from
literaturefpr fatigue of concrete and fatigue oébstasl

I Stochastimodels for action effectsafiesmmponCrétdel’Anneau
viaduct)

I Timevariant reliability problengSurrogate models, Bayesian appr
| Bayesiadecision theory

I Riskbased approaches (1st implementation on icing event in wi
I Valueof Information (1st implementation on a truss bridge girder

=i
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) wWP1 WP2 WP3
& NFRASTAR Next scientific steps

For each ESR: to make a personal
contribution to knowledge

For each of them In INFRASTAR: to benefit of a
multi-disciplinarity breeding ground to amplify
their contribution

Y Ho w:shared ebjects

70, IFSTTAR 44
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) .
& NFRASTAR CO-Operathn
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JNFRASTAR Shared ObjeCtS

A Aims:

i To promote collaboration betwams N
i Toboost ESRllaboration 7

I Toexemplify the ing&ctoral approa&ss

A Nature:
I Onsitestructures

| Reducedcale laBpecimen
I Models

I Data sets

| etc
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/?NFRASTAR Shared objects / Bridges

Bridge over K g o d nriver &
et L ey

|

Millau viaduct

........

Chillon viaduct
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/?NFRASTAR Shared objects / Wind Turbines

Onshore wind turbine
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/’NFRASTAR Shared objects / Lab specimen

BLEIB reference structure

P _ Slabs 3
| - France i
\
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) .
& NFRASTAR CO-Operathn
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& INFRASTAR
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Co-operation: Ex. 1

Innovation and Networking for Fatigue and Roltabllity Analysis of
Structures — Training for Assessment of Risk

AmoISMF;im ‘ s E:Ru ; ESRS Shared objet: Reliabilty of using different NDT techaics to detect cracks
ima Rastayes| Joey Velard " N . > .
Qyrsmm o Fusion and calibration of distributed fiber optics and
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i Xin Wang
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Co-operation: Ex. 2

’ Innovation and Networking for Fatigue and Reliability
l| NFRASTAR Analysis of Structures — Training for Assessment of Risk

QUANTIFICATION THE VALUE OF SHM
INFORMATION ON Crét de I’anneau VIADUCT

Imane Bayane ', Lijia Long®*, Sebastian Thins*?, Eugen Brithwiler !

1. Struetural engineer Laboratory of and Safety of 5 (MCS), Ecole Paly que Fédérale de Lausanne (EPFL), Lausanne,  Switzerland,
imane @epll.ch, cugen.br fl.ch

2. Dept. 7.0 Safety of Structures, Federal Institute for Materials Research and Testing (BAM), 12205 Berlin, Germany, lijia.long@bam de
3. Dept. of Civil Engineering. Technical University of Denmark, 2800 Lyngby, Denmark, sebtbyg.dtu.dk

1. MOTIVATION Sensor location: in the mid span 2 and span 4
10 strain gages, 6 thermocouples, 1 humidity sensor
Crét de 'anneau viaduct is a mixed concrete and steel road J\,qm."wm-,{5 penod 30/07/2016 (strain gage)
viaduct located in Switzerland, s
After 60-year of service life, it is supposed to be under .

fatigue problems through probabilistic reliability analysis,
which requires repairing or closing the viaduct. |

ll
1IN e Gy

Figure 4 Fatigue evaluation using rain flow algorithm (left)
and S-N curve (right)

4. QUANTIFICATION OF VOI

Figure 1 Panoramic view of Crét de I'anneau viaduct

» In order to make best decision, Structural Health Monitoring Conditional value of information analysis
(SHM) is implemented for one year to investigate the fatigue Calculating posterior and prior utilities
behavior. Considering structural reliability behavior, decision
2. STRUCTURAL PROBABILISTIC MODEL scenarios and the benefits and cost
Crét de I'anneau is a road mixed concrete steel viaduct By
The viaduct is made up of 8 articulated spans over 200m - -
length. S

The bridge is modeled as series system.

.
uz,

Figure 2 Plan view of Crét de I'anncau Figure 3 Illustration of decision tree and quantification of

Value of Information

5. CONCLUSON

The results show that there is no fatigue problem in the
viaduct. Through quantification the wvalue of SHM
information on Crét de I'anneau Viaduct, it is founded
that the money and time can be saved, the risk of the

- Get + Get traffic » Get crack bridge can be reduced and that the viaduet can be
temperature features activity
wvariation

Consider both limit states of concrete and rebar.

3. SHM INFORMATION

operated for longer time.
. Quantification the value of acoustic emission will be
Figure 3 SHM strategy done as a future work.

ITN gBAM ' () |

Innovative Training TTOERALT P IALIANE
Networks

This project has received funding from the
European Union's Horizon 2020 research and
innovation programme under the Marie ©
Sklodowska-Curie grant agreement No 676139,

ACTIONS

-
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Co-operation: Ex. 3

’ Innovation and Networking for Fatigue and Reliability
’IN FRASTAR  Analysis of Structures — Training for Assessment of Risk

Reliability and Risk Analysis Based on Weight In Motion Data in Case of a Traffic

Mariia NESTEROVA
ESR6 - IFSTTAR, Paris, FRANCE

), IFSTTAR
i Supervisor: Franziska SCHMIDT

Sima Rastayesh «
ESR12 — AAU, Aalborg, Denmark
Supervisor: John Dalsgaard S@rensen  *frasmussr or e wnsmsnine

Extreme Value Analysis of the traffic actions on the bridge

The recordings were made by WIM system installed under
the first span of the viaduct between October 2016 and July
2017. Monitoring was done with certain gaps during winter
and spring holidays, with the total period of 6 months.

The Extreme Value Theory analysis is applied to the data
represented by weights of vehicles passing the bridge, in
order to evaluate return periods for the level of actions. The
Peaks Over Threshold approach is used that includes fitting
the extreme vehicles to the Generalized Pareto Distribution.
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/ Zos - e G

- < Theoretical
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Taking into account a few very heavy trucks passed the
bridge, the bending moment for the 6-meters element of the
span of Millau is obtained from each vehicle axle. Obtained
values of return period for both ULS and FLS show no
damage during operational life of the bridge, according to the
initial design.

Traffic Reliability isk
Wil Model LAl increase  assessment  analysis
uLs FLS axleload total weight

Therefore, the increase of traffic in axle and total weight is
estimated, with following reliability indexes. This information
provides the basis for decision tree for the risk analysis.

This project has received funding from the European Union's
Horizon 2020 research and innovation programme under the
Marie Sklodowska-Curie grant agreement No 676139.

Maximum weight of trucks to be allowed to pass the bridge

The question in our context is should very heavy trucks be
allowed to pass a our bridge or not? This question can be
answered using a reliability analysis and comparison with the
target reliability level from bridges; The question can also be
answered based on a risk analysis where the consequences
are modelled. Further, a proof loading could be used to
obtain more information on the load bearing capacity and
thus be included in the risk analysis.

The bridge that is chosen as case study is the highest bridge
in the world. So the risk assessment of this bridge is an
eminent issue for its owners. In the European country, the
maximum weight of a track that could pass in a bridge is forty
tons which the design of the bridge is based on that. But the
records of the weight of trucks as shown in the first graph,
shows there are some trucks that are even around 120 tons.
So, the question is that what would be the effect of these
trucks. What would be the consequence here in our
structure?

In order to solve this extreme load decision problem, the
decision tree will be used based on Bayesian approach.

ACTIONS

MARIE CURIE
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& \NFRASTAR Overview
A Scientific
I Context, objectives, main results, network synergy
A Training

I Programme, complementary skdeszondments, ope
training events

A Networking
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A Management
I Recruitment, management, budget
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& \FRASTAR Training programme

To enhance employability of ESRs.

To provide individual, collective training courses and
complementary skills.

organisational environment.

To help them to understand the scope of their
work in an industrial context.

@‘ To expose them to different cultural, scientific and

2, IFSTTAR 56
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& \FRASTAR Training programme

To enhance employability of ESRs.

To provide individual, collective trainin{aiCiiiis
complementary skills.

: | +-)
To expose them to different cultural, s Secondme“
organisational environment.

To help them to understand the scope
work in an industrial context.

57
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& \FRASTAR Training programme

To enhance employability of ESRs.

Three training weeks: ; BAM M
A Scientific lectures (43 hours). .(I)ﬂ-

A Lecturers from academia and industries. ECOLE POLYTECHNIUE M
A Technical visits (8 hours).

A Teamworks on shared objects (5 hours). ((‘ M
A Presentation/discussion ( 6 0 6 )/ ESR
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Training programme
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Training programme
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Overwiew

Quanti?\caﬁon of the
value of monitoring
information for
deteriorated structures

Lipa Long
Started date 01122016

06/06/2018
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~“Refiability of structures
exposed to traffic loads and
environmental loading

ESR6 Maria NESTEROVA

instry
interfe
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Overwiew

esS

Refiability of structur
exposed to traffic loads and
environmental loading

Fiber optics sensors for
crack detectionand
fatigue monitoring
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inugue’reuabimy of
€oncrete elements in wind
turbines and bridges

| e
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Training programme

ESR10- Optimal maintenance
planning of existing structures
using monitoring data

Morteza Ahmadivala
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Training programme

06/06/2018  Mid-Term Review Meeting, Aalborg University IFSTTAR




Training programme
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II’NFRASTAR Complementary skills

A Ethics in research

A Open access, open data
A Teamwork

A Career development

A Entrepreneurship

A Intellectual property

ORRNRNRNK

Personal Career Development Plan

Z2IFSTTAR 75
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II’NFRASTAR Secondments

To experience different organisations,
environment and cultures.

34 months performed ‘33 months remaining

A Mobility (country and/or sector).

A Partnership of academic and non-academic institutions.

A Joint supervision. - /
A Secondment agreement, work programme. (/d\ zs\u
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/?NFRASTAR Open training events

A Winter school @
I March 2019
I Advanced ammlacticatourses
| Poster session

=
, IFSTTAR
R 1Ly
i T AP

A Final workshop in Brussels
I Februar2020
I Towardghe industries
I Widelyppen

IONS

-
Q
<

MARIE CURIE
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)

& \NFRASTAR Overview
A Scientific
I Context, objectives, main results, network synergy
A Training

I Programme, complementary s&dlsndments, open
training events

A Networking
I Interaction, dissemination, outreach activities

A Management
I Recruitment, management, budget
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/l’NFRAst Interaction with private sector

@ To boost networking opportunities.

A I m p D ay#o 1 @ Federal Highway Research Institute M
Save the date:

AlmpDay#02 @ =) EIFFAGE | | “Fre 12
Ampoayos @ COWI [] “ees
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JNFRASTAR Interaction with private sector

v
\
VALEMO

exploitation & maintenance EnR
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