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Presentation Overview
1. DuratiNet Project Context
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3. Acheiving Objectives and Required Activities
4. Discussion under each main Activity
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Maritime Strategy for the Atlantic Ocean Area

The European Commission approves on 13th May 2013 the Action Plan for a Maritime
Strategy in the Atlantic Area. The Action Plan aims to enhance marine and maritime
economy in the Atlantic Ocean area. Through a common work of EU Atlantic Member
States, Regions and European Commission, it sets out four priorities for research and
investment to drive "blue economy" forwards, while preserving the environmental and
ecological strength:

« Promote entrepreneurship and innovation;

* Protect, secure and enhance the marine coastal environment;

* Improve accessibility and connectivity;

« Create a socially inclusive and sustainable model of regional development.

The priorities aims to respond to challenges and opportunities facing the Atlantic region
under five themes: implementing the ecosystem approach; reducing Europe's
carbon footprint; sustainable exploitation of the Atlantic seafloor's natural
resources; responding to threats and emergencies; social inclusive growth.

The Atlantic Area Programme currently supports 42 projects related to those maritime
and marine areas.
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Prorect Context

Atlantrc Area Transport Infrastructure

*High proportion of our structures are > 30 years old

=*Most structures require repair /rehabilitation
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Project Objectives

SHORT - TERM
OBJECTIVES AND RESULTS ‘

LONG-TERM
OBJECTIVES AND RESULTS

DuratiNet website
Identify@ .

&
DuratiNet Database

new research needs
In the area of

repair systems

Create new levels
of professional
competence for

structural repair

Overall Objective
DEVELOP NETWORK
FOR TRANSFER OF KNOWLEDGE

On
AINTENANCE AND REPAIR OPTIMIZATIO o . Cluster
romotion \
OF TRANSPO_RT INFRASTRUCTURE and development of “Green and Smart
For sustainable development “Green and Smart Structural

materials”

Materials”
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List of 6 Main Activities

= Activity 2: Maintenance optimisation and decision tools

= Activity 3: Reinforced and prestressed concrete structures
maintenance/repair

= Activity 4: Steel maintenance and repair
= Activity 5: Repair systems — quality control

= Activity 6: “Green” and smart structural materials, repair products and
systems

= Activity 7: Performance evaluation of structural and new repair materials
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Partnership

R&D (8 partners)

Institutions
»2 National Labs in Civil Eng.

»6 University Research centers
DURATI
NETWORK

Contractors, Material
Infrastructure
Administrations, > Producers and
owners and structural < Societies
designers

(2 partners)

(7 partners)
. = Repair Contractor
» Highways

[ = Ports @ = A Non-Profit SOCIGtm
» Railways oS0 vl
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SHORT-TERM ~ PROJECT ACTIVITIES LONG-TERM

OBJECTIVES AND RESULTS OBJECTIVES AND RESULTS

M Objective 2 Objective 3 M Objective 5

Activity 2 Activity 9 Activity 8 Activity 5 Activity 6
Maintenance DURATINET SIT -
optimization Comunlcatlon Quality control Smart & green
needs in structural and
and decision tool B DB- DURATI repair repair materials

Activity 3 Activity 7
Reinforced &
t ; Performance
presiresse evaluation
concrete of structural
structures and new repair
~ repair materials
~ Activity 4

Steel structures
repair
Activity 1

L
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Activity 2: Problem Definition

For a given structure how do we decide upon the optimal
maintenance strategy as a function of age, condition, importance,
required remaining life etc. in a robust/repeatable manner,
avoiding generalisation/excessive conservatism such that our
maintenance budget is optimised???

e.g. Storstroem 1937, 3.2km
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R(t)

Activity 2: Problem Definition ST R

"Optimal" condition o

of bridge

w=(e.z.a,0)
Load Rating @ t- Condition of bridge M

Minimum safety level
B> By n; PFotEction
\

\A Do Nothing Age
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Action-1 Action-2
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Activity 2: Probability Based Maintenance Optimisation

Legal Basis — Eurocode 1 Basis of Design

Safety Level NEVER Compromised — Rather Optimised

3.5 Limit state design

EUROPEAN STANDARD . ..
i EN 1990 (1)P Design for limit states shall be based on the use of structural and load models for
NORME EUROPEENNE relevant limit states.
EUROPAISCHE NORM April 2002
R eormomion 10 199111908 (2)P It shall be verified that no limit state 1s exceeded when relevant design values for

— actions.

— material properties. or
— product properties, and
— geometrical data

Eurocodes structuraux ;E:mme‘s Bases de caloul des Eurocode: Grundlagen der Tragwerksplanung are used m these ] 15-

English version

Eurocode - Basis of structural design

This European Standard was approved by CEN on 28 Novembar 2001,

N

- (3)P The venfications shall be carried out for all relevant design situations and load

nal st alterats uch nation:
Slamdaris ey ot abiamed on spphestion 1o e Managément Cenea or 1 any CEN mémiar, cases

This Europesn Sandard i inthrse offial versions (Englah, Franch, Germar). A versin in any oter language mads by ransaton
ity of 3 CEN member into s own languiage and nosfied to the Management Centra has al

(4) The requirements of 3.5(1)P should be achieved by the partial factor method. described
i section 6.

re the national standards bodies of Ausiria, Belgium, Czech Republic, Denmark, Finland, France, Germany. Grascs.
ot oo . sy, Luamioteg. Malta, Netherands. Norway. Pariiga. Span. Sweden, Swicerand and Unied Kimgeors

I (5) As an alternative. a design directly based on probabilistic methods may be used. I

NOTE 1 The relevant authority can give specific conditions for use.

NOTE 2 For a basis of probabilistic methods, see Annex C.

(6)P The selected design situations shall be considered and critical load cases identified.

E (7) For a particular verification load cases should be selected, identifying compatible load
‘ arrangements, sets of deformations and imperfections that should be considered
COMITE EVROPEEN DE NORMALISATION simultaneously with fixed variable actions and permanent actions.
Management Conire: ue e Stssart, 55 5-1080 Brussets (8)P Possible deviations from the assumed directions or positions of actions shall be taken
y @ mto account
-~ — \ A (9) Structural and load models can be either physical models or mathematical models.
UNIVERSITE DE NANTES Centrale

Nantes
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Activity 2: Problem Definition

Infrastructure Whole Life Safety Management

Safety Level o Repair Options A, B, C:
ﬂ .AS &ll" - safetv Of structure cond.bon Of structure ,ntrus"on C)B)A E! !r
(i.e. undeteriorated) deteriorating with time due to
g load evolution and structural Cost E>EV>Ex AND
Po deterioration Service Life Extension
ts2ts2t;
rw- C=€2
- B
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Activity 2: Probability Based Maintenance Optimisation

Load effect - §

_,"’Pl' l.f“"gJ X) :
p e.g hc[““ng moment

Statistical Modelling of:

Loads

Resistances

Uncertainties

Updating based upon results of tests/inspections

Resistance - &
e.g. flexural capacity

Failure
density

Felx) f{x)
Purpose: e
Cut strengthening or rehabilitation costs without

compromising the safety level

b 2@
fo. |
Table 1 — Minimum Safety Levels Specified by the Eurocode (EN1990:2002) o | 20 ;
Reliability Class Minimum values for S
| year reference period 50 vear reference period Faiture. | Safety
CC3 (RC3) 5.2 4.3
CC2 (RC2) 4.7 3.8
CCIL(RC1) 4.2 3.3
P.'
Essentially a Bridge specific “code” is obtained " L
0 ! Tz

( @
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Inspection and Testing Computation Zone

Zone Assessment of Bridge Network
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Interactive Infrastructure Maintenance Management: Hierarchical “Mandala”
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@ conservative verification methods

@ conservative estimates for loads and resistance

actual loads and 1
resistance
_ @ deterioration and increasing load
design loads and $ *
resistance A
target for structure | intervention
as constructed * "design”
reduction
: over lime
minimum acceptable T~
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Activity 3

Maintenance and Repair of
Reinforced and Pre-stressed
Concrete
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Activity 3: Primary Areas Investigated

3.1 Review of requirements for concrete durability
3.2 Mechanisms of damage
3.3 Assessment and inspection techniques

3.4 Available repair techniques

UNIVERSITE DE NANTES
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Activity 4
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Steel Maintenance
and Repair
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Activity 4: Problem - Aging Mechanisims
and Steel Structure Stock

_ Fat| que Damage =20% of French bridges are steel
| !‘ﬂ : ’ .
Vil o ‘ I »2% of Irish bridges are steel
(| R A
ul 1S i’ |'

=1/3 of the steel structures in the
Atlantic Area are more than 100
years old

COLROSION Tdlsonnante
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4.3 Habour structures — Chalanges and Solutions

model due to numerous time-variant and space-
dependent factors such as; temperature, dissolved oxygen,
salinity, tide level, suspended materials (bio-corrosion),
pollution, water flow/waves, abrasive materials etc.

Few on-site measurements are available and these are
not always well documented

On-site measurements are costly and difficult to
obtain

Therefore, need to gather data in a well documented
database

ut de Recher h
VERSITE DE NANTES G C il et Méc q

Centrale

Franck Schoefs Nantes



DuratiNet

To Acheive Activity 4 Objectives

=  Share Practices and data in the Atlantic area

= Provide guidelines based on risk analysis with a view to optimize the
number of measurement at each inspection and the frequency of
inspections

* Provide guidelines based on risk analysis for maintenance (painting) which
outlines proceedures for maintenance feedback i.e.document
environmental conditions during painting works / type of product etc.

= Provide data base for measurement of NDT tool performance on site

= Developp the use of connex data : video-tapes before painting

Institut de herche en .‘
VERSITE DE NANTES Gén C / nique

Franck Schoefs Nantes.
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Durability factors

« Environment - atmospheric|water|soil
— Classification

— Environmental variables

— Environmental corrosivity classification
« Material - Ferrous alloys

— Classification ——
- ALLOYS
— Properties _ _ :
- WROUGHT
« Chemical RON STEEL CAST IRON
- | | : | | | | | y | | a n
- Mechanical E"LOLQ;, STAINLESS ‘ i{t‘g‘? ‘ GRAY ‘ ‘ WHITE ‘DUCTILE‘ MALLEABLE
 Physical
 Metallurgical
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 Defects
— Classification (type, component, subtype)

e
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Cntamination Deformtio ) De;c-eriérat | Discontinuity Displaemt | Loss of material
 Deterioration mechanisms
— Chemical & Biological

« Corrosion

. £

— Physical
- Deterioration due to
- Fatigue . corrosion
— Other

Discontinuity due to fatigue
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NDT methods

Visual examination
Eddy/Focault current
Magnetic particles

Liquid penetrant
Radio/Gammagraphy

Acoustic emission

Ultrasonic

Dynamic vibration

Magnetic flux and flux leakage

Institut de Recherche en

VERS'TE DE NANTES Génie Civil et Mécanique

Testing techniques

* DT methods

- Tensile

- Charpy impact

- Plane-strain fracture toughness

- Axial-force controlled method (fatigue)
- Fatigue crack growth method

- Electrochemical

- Hardness

- Fractography

- Metallography

- Chemical analysis

Franck Schoefs



DuratiNet

FR CN RS 3473

Repalr methods

« Methods for repairing damage in steel elements
— Stop hole Q
— Welding
— Bolting
— Riveting
— Adding steel elements
— Replacement
— Mechanical straightening
— Heat straightening
— Repair with FRP

« Methods for improving fatlgue performance
— Grinding |
— Peening
— TIG dressing

® | =ay
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Protection systems

« Cathodic protection -« Paint systems « Metallic coatings

Intt=

- 02+2H20

www.cnrs.fr
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Protection systems

« Surface preparation
— Water, solvent and chemical cleaning
— Mechanical cleaning including blast-cleaning
— Flame cleaning

et Institut de Recherche en

VERSITE DE NANTES Génie Civil et Mécanique Cor |
Franck Schoefs Nantes.
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Activity5 e

Quality Control Needs for
Repair Systems
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Activity 6

“Green” and Smart Structural
Materials, Repair Products and
Systems

CARBON NANOTUBES FILUNG
CRACKS IN A CEMENTING COMP

Institut de Recherche en

VERSITE DE NANTES Génie Civil et Mécanique
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Activity 7

Performance evaluation of
structural and new
repair materials
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uratiNet Website

¥ http://duratinet.org/ - Mozilla Firefox
View History Bookmarks Tools Help

- tar (o | http:/fwww.duratinet.org/ w - ¥
(i8] Most visited P Getting Started |3\ | Latest Headlines
Lo
DURABLE TRANSPORT INFRASTRUTURES
du iNet IN THE ATLANTIC AREA-NETWORK
home cipa working groups publications meetings db-durati  cluster  web platform
®m context The aim of the project is to create the DURATINET network
BJ objectiies ® to facilitate an efficient exchange and transfer of knowledge on
m expected results maintenance and repair of infrastructure
® to promote the durability, safety and sustainability of transport
infrastructure in the Atlantic Area, thus improving the living, working
and i iti of these regi
General Project Overview (PDF/54KB)
Project Promotion (PDF/7.320KB)
| Coropean Unica i
N / 7 ACESSIBILITY & TRANSPORTS -rmm
(et =

Investing in our future

Done

www.cnrs.fr
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DuratiNet Website

http://durati.Inec.pt/techguide/index.html

Maintenance & Repair

Transport Infrastructure

Technical Guide

du INet

Investing in our common future

European Union ATLANTIC AREA Tarmnational Prograrmroe
ESPACIO ATLANTICO' Programs Transnscions

Eurcpean fegionat ESPACE ATLANTIQUE Programe Tansational

Oovekopammnt Fusd | ESPAGO ATLANTICO Program Transnacians!

www.cnrs.fr
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DuratiNet Technical Guides

milntemnoe and repalr oftramportlnfnstmctufe maintenance and repair of transport infrastructure

HNICAL GUIDE e i 2 \
cl T [

NWM g rdl
= | ‘I ‘ = ( ']
‘ il Mm‘uln‘ (il Al A~ ?

air of transport infrastructure

INTRODUCTION & GENERALITIES : maintenance and

"“imﬂl|||1|||||l||@‘!|lll|ll|

PART |

STEEL STRUCTURES

repair and protection methods

Maintenance des i
métalliques : patr
de

PART Il - VOL 4
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DuratiNet Technical Guide — Web

Maintenance & Repair

Transport Infrastructures

Technical Guide

Stractures Management
WAINTENANCE ASSESSMENT

Investing in our common future

' et tcn P T —
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DuratiNet Technical Guide — Web

STEEL STEUCTURES - REPAIR | PEOTECTION 5YSTEMS

The rpalr o prokcton methcd © B aged. The sekotion of a repalr methosd o prokction fsem kas © Repalr technigues

acconnt or the ckerloraton processes and thelr canses, and mazthe malwlybaed v te estblkbme st of
permanc reouieme e, 0@ roimme wked Brtmethcd for ealiation of te contom Hy. For proecton
of skel stractires the Exrcpean sndark br proecton by coategs, samace prparaton, avd catiadic
proection migtts Bilowed.

PeEning

Thl secton ghes Wbmaton on epalr commonly vged v seel sonctes, ey descrpton, te B TG drening
ko nacy ot a epalr echrke b the tpe of oot appropriak B3ty Bohikpies ©oortrolte rpalr, and
othe T bey arpect. Prokction sakms an ako detalied g Wibnmaton of ditk e et coathyg gems and
preparation  inace Bchiknes.

§top hole

H

Iding
#

B Balting

Riveting

Adding r11esl elam anty
gl FReplacement of @ member
B Mechanieal itraightening

B Heat itraightening

B Rapalr with FRP
mll Protecton syrtem s

Surface preparation

Balection
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DuratiNet Technical Guide — Web

> STEEL STRUCTURES
== -
prromoRATION !
| Uricrn | | Locatood |
Compenmet | s e oot W
b —p
ot |
pracansi Ceree i' I -
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DuratiNet Technical Guide — Web

Demo : dégradation / chimique & biologique / carbonatation

http://www.duratinet.org

http://durati.Inec.pt/techguide/index.html

2014 ... >> proposition autour du Changement Climatique
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