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Executive Summary

The final public event of the EU-FP7 funded project INFRARISK —Novel indicators for identifying
INFRAstructure at RISK from Natural Hazards— was the Final Dissemination Conference.

The INFRARISK project was due to end on 30th of September 2016 and the Final Dissemination
Conference was organized on 29th of September in Madrid. During the one-day event new research
was presented regarding the development of optimal stress testing techniques for European Critical
Infrastructure, which focuses on potential impacts to the European TEN-T (road and rail) network
due to natural hazards, such as earthquakes, floods, and landslides.

The conference addressed the main INFRARISK topics on the stress testing framework, the road and
rail example case studies, the INFRARISK Decision Support Tool (IDST), and the INFRARISK GIS
Knowledge Base. After the results were presented to the 70 participants attending the conference,
the final session incorporated a panel discussion moderated by the coordinator of INFRARISK. The
five panelists were experts from both industry and academia together with the coordinators of
similar EU-projects.
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1.0 INTRODUCTION

The final public event of the EU-FP7 funded project INFRARISK—Novel indicators for identifying
INFRAstructure at RISK from Natural Hazards— was the Final Dissemination Conference.

The INFRARISK project was due to end on 30th of September 2016 and the Final Dissemination
Conference was organized on 29th of September in Madrid.

During the one-day event new research was presented regarding the development of optimal stress
testing techniques for European Critical Infrastructure, which focuses on potential impacts to the
European TEN-T (road and rail) network due to natural hazards, such as earthquakes, floods, and
landslides.

The conference addressed the main INFRARISK topics on the stress testing framework, the road and
rail example case studies, the INFRARISK Decision Support Tool (IDST), and the INFRARISK GIS
Knowledge Base. After the results were presented to the 70 participants attending the conference,
the final session incorporated a panel discussion moderated by the coordinator of INFRARISK. The
five panelists were experts from both industry and academia together with the coordinators of
similar EU-projects.

This document describes the one-day conference closing the project. It summarizes the activities
related to the organization of the event, the event itself, the communication actions to promote the
event, and the products related to the Final Dissemination Conference event.

© The INFRARISK Consortium 1



INFRARISK
Deliverable D9.6 Final Conference Summary Report and Broadcast Video

2.0 THE FINAL DISSEMINATION CONFERENCE

The event marked the end of the three years long project. It started with a short presentation by M.
Segarra welcoming participants to the INFRARISK Final Dissemination Conference at DRAGADOS
premises in Madrid and consisted of three main parts.

e Session 1 consisted in two keynote speeches on the objectives of the final conference and a
general overview of the project by the coordinator followed by a speech on the protection of
critical infrastructure from the perspective of infrastructure management.

e Session 2 included the presentations on the results of the main aspects of the project by the
partners with contributions on:

0 the approach to risk assessment and the INFRARISK stress testing framework as
developed in the project

0 the different objectives and challenges on the hazard identification related to
earthquakes, flooding, and landslides and the assessment of asset vulnerability

0 the INFRARISK Case Studies focusing on TEN-T Road and Rail networks (Italy and
Croatia)

0 the development of two INFRARISK software tools: the INFRARISK Decision Support
Tool (IDST) and the INFRARISK GIS Knowledge Base (KB).

e Session 3 was the closing session of the Conference and consisted in a panel discussion
which had two parts. First, each of the panelists delivered a short introduction and then the
open discussion started.

The conference was open to a large audience and a large number of stakeholders and public
authorities which were reached out to with an invitation to attend the conference. Special attention
was paid to inviting practitioners, operators and managers in construction companies at national
and international levels to provide them with information about the work done within INFRARISK.

A first announcement of the Final Dissemination Conference was sent on April 2016 to a mailing list
of contacts as provided by partners in INFRARISK. These contacts included construction and
management companies and enterprises related to road and rail infrastructure in partner countries
as well as coordinators of similar European projects. The first announcement was also disseminated
through construction platforms and networks: European Construction Technology Platform (ECTP),
European Network of Construction Companies for Research and Development (ENCORD),
Conference of European Directors of Roads (CEDR), Forum of European National Highway Research
Laboratories (FEHRL), Plataforma Espafiola Tecnoldgica de Construccion (PTEC) Asociacion de
Empresas Constructoras y Concesionarias de Infraestructuras (SEOPAN). See Appendix A for the text
of first announcement.

The final announcement which included the detailed programme of the Final Dissemination
Conference was sent through e-mail to more than 1000 contacts of companies and enterprises all
over Europe (see Appendix B).

© The INFRARISK Consortium 2
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Around 70 participants attended the conference at DRAGADOS premises in Madrid. The complete
list of registered participants is incorporated in Appendix C in this report.

Videos produced within INFRARISK (“The project in 3 min.”, “Natural hazards”, “Critical
Infrastructures”, “Stress tests”, “INFRARISK Training activities announcement”) were showcased in
the conference room as an introduction to the project during the registration time from 9:30-10:00
while participants were occupying their seats in the room and also during the coffee and lunch
breaks of the conference.

During the conference, interviews were collected from different INFRARISK partners for the
production of the final audiovisual materials consisting on a video “Project Outcomes” promoting
the results of the project and the final dissemination conference which is available on the INFRARISK
website.

The conference was live webcasted (INFRARISK website: infrarisk-fp7.eu) and videos covering the
whole event were produced which have been uploaded to the project website. The links to the
videos are specified in section 6 in this report.

A selection of photos taken during the Final dissemination Conference is available at INFRARISK web
site:

http://www.infrarisk-fp7.eu/content/infrarisk-final-dissemination-conferencehttp

Press call and press releases were delivered to announce the Final Conference event and the
outcomes of the project and get more visibility:

http://www.infrarisk-fp7.eu/content/conference-streaming

http://www.infrarisk-fp7.eu/content/call-press

During the conference, a team of Spanish TV channel TVE24 interviewed the coordinator (E. O’Brien,
ROD) and the dissemination manager (M.J. Jiménez, CSIC) of INFRARISK. The focus was both the
project outcomes and the Final Conference. TVE24 reported on the important goals of project, its
outcomes and the Final Dissemination Conference event in the program “Europa 2016”".

The video can be watched at:

https://www.youtube.com/watch?v=CkDljLepG1E

and was broadcasted on the 30™ September, just the day after the Final Conference.

Appendix E includes a detailed report on the Communication actions to raise awareness on
INFRARISK and the Final Dissemination Conference event.

© The INFRARISK Consortium 3
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3.0 FINAL DISSEMINATION CONFERENCE: PROGRAMME

The conference was organized in three sessions according to the following programme:

09:30 - 10:00 Registration

10:00 - 11:00 SESSION 1

10:00 - 10:10 Welcome
M. Segarra (DRAGADOS)

10:10-10:30 Overview of the project & Objectives of final dissemination conference
E. O’Brien (ROD) Coordinator of INFRARISK

10:30- 11:00 Protection of critical transport infrastructure - a network management
perspective
B. Bell (Univ. of Surrey)

11:00 - 11:30 Coffee break

11:30-13:30 SESSION 2

11:30-12:00 INFRARISK Stress Testing Framework and Risk Assessment Methodology
B. Adey (ETHZ) & P. van Gelder (PSCT)

12:00-12:30 Hazard Identification & Asset Vulnerability Assessment
D. D'Ayala (UCL) & M. Garcia-Fernandez (CSIC)

12:30-13:00 INFRARISK Case Study: TEN-T Road and Rail networks (Italy and Croatia)
J. Clarke (ROD) & R. Corbally (ROD)

13:00 - 13:30 INFRARISK Decision Support Tool (IDST) and INFRARISK GIS Knowledge
Base
Z. Sabeur (IT innovation) & D. Roman (SINTEF)

13:30- 14:30 Lunch Break

14:30 - 16:30 SESSION 3: PANEL DISCUSSION

14:30 - 16:30 Brief introductions & Discussion
E. O’Brien (INFRARISK)
P. Petiet (INTACT)
A. O’Connor (RAIN)
A. Ansal (European Association of Earthquake Engineering)
J. Lébez (Crisis Management, Ministry Public Works Spain)
J. Rodriguez (PTEC- Spanish Construction Technology Platform)

16:30 - 16:40 Closing

© The INFRARISK Consortium
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4.0 SESSION1

The first session of the Conference was moderated by M. Garcia-Fernandez, researcher at the
partner institution CSIC.

The first presentation was delivered by E. O’Brien (ROD), the project coordinator, giving an overview
of the project and the objectives of the Final Dissemination Conference.

Following the introductory presentation, B. Bell- University of Surrey — shared the view on how an
infrastructure manager sees the protection of critical transport infrastructures from natural hazard
events. After presenting a general framework of the problem, he stressed the most important

points in his view that would be most critical in dealing with the risk of natural hazards on transport
infrastructure.

Brian BELL
SURREN

\

i

E. O’Brien on an overview of the project B. Bell on a network management perspective
and objectives of the Conference

© The INFRARISK Consortium 5
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5.0 SESSION 2

Session 2 of the conference was moderated by M. Segarra (DRAGADOS) and was aimed at
presenting the results of the project. It included the presentations of INFRARISK partners on the
main methodologies and outputs of the project.

A first talk by B. Adey (ETHZ) and P. van Gelder (PSCT) presented the approach to risk assessment
and the INFRARISK stress testing framework as developed in the project. The process to assess
infrastructure related risks due to natural hazards with stress tests which is applicable independent
of the hazard to be considered, the infrastructure objects to be taken into account and the types of
consequences to be considered. The general stress test framework is described as such in which
stress tests are just a special instance of a risk assessment where, instead of marginalizing over all
the possible stress scenarios, one specific stress scenario is chosen for which its potential effects are
gauged.

D. D’Ayala (UCL) and M. Garcia-Fernandez (CSIC) delivered a presentation on the different
objectives and challenges of the hazard identification related to earthquakes, flooding, and
landslides and the assessment of asset vulnerability. The approach to seismic hazard assessment for
low probability seismic inputs affecting critical transport infrastructures was described together with
the methodology for assessing single and multi- risk expected vulnerability of elements in the
infrastructure and the path from asset damage to the assessment of network damage.

Pieter van GELDER
PeCT

B. Adey & P. van Gelder reporting on the INFRARISK stress testing framework and risk assessment
methodology

Next, J. Clarke (ROD) and R. Corbally (ROD) reported on the INFRARISK Case Study: TEN-T Road and
Rail networks (Italy and Croatia). For the Italian case study (a road network located in the province of
Bologna), the impacts of seismic hazard scenarios and the landslide cascading hazard effects were
shown and the consequences on the network repair costs and the travel disruption to network users
were described. The impacts of flood hazard scenarios on a national rail network in Croatia were also
shown as evaluated through a qualitative risk assessment method (ORT) to demonstrate the use of

© The INFRARISK Consortium 6
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such a methodology to determine the rail sections along the network where the risk is most
substantial. A quantitative risk assessment was subsequently demonstrated for the network
whereby the network vulnerability was assessed according to the potential for bridge scour, track

inundation and track blockages due to rainfall-triggered landslides.

ETHzirich  GDG ‘

D. D’Ayala & M. Garcia-Fernandez J. Clarke & R. Corbally

The session 2 round of presentations was closed by Z. Sabeur (IT innovation) and D. Roman
(SINTEF). They both showed the development of two INFRARISK software tools: the INFRARISK
Decision Support Tool (IDST) and the INFRARISK GIS Knowledge Base (KB). The IDST is an advanced
information system that enables civil engineers, infrastructure maintenance agencies and crisis
managers to assess the potential risks due to natural hazards (earthquakes and floods and their
cascading landslide effects). The KB allows users to upload, transform and query data relating to
infrastructure components and natural disaster events.

e 2 raan £ o Acion & U 5 h oo

InfraRisk Decision Support Tool

D. Roman & Z. Sabeur INFRARISK IDST portal
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6.0 SESSION3

The closing session of the Conference was a panel discussion which had two parts. In the first part
each of the panelists delivered a short introduction. The five panelists were experts in both industry
and academia and coordinators of similar EU-projects. The discussion was moderated by E. O’Brien
(coordinator of INFRARISK). Five panelists were invited; P. Petiet (EU-project INTACT), A. O’Connor
(EU-project RAIN), J. Lébez (Crisis Management, Ministry of Transport and Public Works, Spain), J.
Rodriguez (PTEC-Spanish Construction Technology Platform, Spain), A. Ansal (EAEE-European
Association of Earthquake Engineering). All of them are experts from industry or academia, and two
of them are coordinating similar EU-projects which made a well-balanced panel in relation to the
INFRARISK project and the Final Dissemination Conference.

Panel discussion: P. Petiet short introduction to EU-project INTACT

Following the introductions, the second part of the session included the discussion which was
opened to the audience by the moderator. There was a lively discussion regarding what were
considered key aspects such as how to take up advances to mitigate destruction or loss of
infrastructures and how to make understandable the fact that higher first costs makes lower whole

life costs.

The weight to be put on sustainability as compared to that put on resilience was also discussed.
Much attention should be paid to resilience since most infrastructures in Europe are overused and
overstressed and high consequences and impacts can be expected if the smallest distraction from
steady state would happen.

The collection of data was considered to be another key issue. Collecting the necessary data was
recognized as a huge challenge because very little data from infrastructures if any would be, in

© The INFRARISK Consortium 8
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general, delivered publicly. End-users should be encouraged to get involved and to use the results
and outcomes of this kind of projects.

Panel discussion: J. Lébez short introduction on Crisis Management System in Spain

Another important issue which came to the discussion was standardization. In general, it was felt
that some kind of standardization of the techniques developed in similar EU projects funded in FP7
(INTACT, INFRARISK, STRESS, RAIN) dealing with the effects of Natural Hazards on European Critical
Infrastructure might as well be needed.

© The INFRARISK Consortium 9



INFRARISK
Deliverable D9.6 Final Conference Summary Report and Broadcast Video

7.0 FINAL CONFERENCE LIVE WEB-CAST VIDEOS

The whole conference was live webcasted (INFRARISK website: infrarisk-fp7.eu) and videos covering
the whole event were produced which have been uploaded to the project website. The links to the
videos are the following:

Live streaming introductory video:

https://www.youtube.com/watch?v=wpyZ-A5zzCg&feature=youtu.be

Welcome address by M. Segarra, DRAGADOS:

http://www.infrarisk-fp7.eu/sites/default/files/docs/SEGARRA.pdf

Overview of the project & Objectives of Final Dissemination Conference by E. O’Brien:

https://www.youtube.com/watch?v=bE5 95AszPw&feature=youtu.be

Protection of critical transport infrastructure - a network management perspective by B. Bell:

https://www.youtube.com/watch?v=gPlzUByopdA&feature=youtu.be

INFRARISK Stress Testing Framework and Risk Assessment Methodology by B. Adey & P. van Gelder:

https://www.youtube.com/watch?v=Y1pSo7tY AU&feature=youtu.be

Hazard Identification & Asset Vulnerability Assessment by D. D'Ayala & M. Garcia-Fernandez:

https://www.youtube.com/watch?v=fHb9t5q2C6I&feature=youtu.be

INFRARISK Case Study: TEN-T Road and Rail networks (Italy and Croatia) by J. Clarke & R. Corbally:

https://www.youtube.com/watch?v=L8SmgbM|8BQ&feature=youtu.be

INFRARISK Decision Support Tool (IDST) and INFRARISK GIS Knowledge Base by Z. Sabeur & D.
Roman:

https://www.youtube.com/watch?v=nK2li3t8§NU4&feature=youtu.be

Session 3. Brief Introductions and Panel Discussion:

https://www.youtube.com/watch?v=pl6akn02i10&feature=youtu.be

© The INFRARISK Consortium 10
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8.0 CONCLUSION

The Final Dissemination Conference achieved its objectives of presenting the final results of the
project, including a discussion panel on the perspectives of future development in the protection of
European Cls, to a wide audience of stakeholders, professionals and public authorities, most of them
not participating in previous meetings of the project.

The live webcasting of the conference allowed enlarging the audience at national and international
level.

© The INFRARISK Consortium 11
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APPENDIX A: 1°' Announcement of Final Conference
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Final Dissemination Conference, Madrid, 29" September 2016

1st announcement

INFRARISK, an EU-funded project (2013-2016), brings together 11 members with a well-balanced and
strong partnership amongst universities, research institutions, SMEs, and a Large Enterprise, to develop a
strategy to ensure that levels of infrastructure related risk due to natural hazards are acceptable. Stress
tests are implemented through an operational framework that supports the work of managers, operators,
stakeholders and policy makers, providing insight into the impact of extreme natural hazard events and
enabling the vulnerability of their infrastructure networks to be assessed.

About the Conference

The final conference aims to communicate the results and outputs of the INFRARISK project. New
research will be presented regarding the development of optimal stress testing techniques for European
Critical Infrastructure, which focuses on potential impacts to the European TEN-T (road and rail) network
due to natural hazards, such as earthquakes, floods, and landslides.

The conference will address the following INFRAIRSK topics:

- Stress testing framework

- Road and rail example case studies

- INFRARISK Decision Support Tool (IDST)
- INFRARISK GIS Knowledge Base

Date: Thursday, 29" September 2016 09:00-16:00

Venue: DRAGADOS, Madrid, Avda. Camino Santiago 50, 28050-Madrid, Spain (the venue is at close
distance from Airport/Madrid-Barajas )

Who should attend? Stakeholders including policy makers, owners, operators, managers, regulators,
practitioners, research scientists, engineers, and civil protection bodies.

Registration: Please send your full name along with the name of your institution/company/project via E-
mail to info@infrarisk-fp7.eu.

No Fee: There is no participation fee associated with the conference.

Contact: For any questions regarding the conference please contact M.J. Jimenez: mj.jimenez@csic.es

A detailed agenda for the event will be provided in May

More information: www.infrarisk-fp7.eu

*: :* This project has received funding from the European Union’s Seventh Programme for research, technological development and
* x % demonstration under grant agreement No. 603960
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APPENDIX B: Final Announcement of Final Conference
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Final Dissemination Conference, Madrid, 29" September 2016

INFRARISK, an EU-funded project (2013-2016), brings together 11 members with a well-balanced and
strong partnership amongst universities, research institutions, SMEs, and a Large Enterprise, to develop a
strategy to ensure that levels of infrastructure related risk due to natural hazards are acceptable. Stress
tests are implemented through an operational framework that supports the work of managers, operators,
stakeholders and policy makers, providing insight into the impact of extreme natural hazard events and
enabling the vulnerability of their infrastructure networks to be assessed.

About the Conference

The final conference aims to communicate the results and outputs of the INFRARISK project. New
research will be presented regarding the development of optimal stress testing techniques for European
Critical Infrastructure, which focuses on potential impacts to the European TEN-T (road and rail) network
due to natural hazards, such as earthquakes, floods, and landslides.

The conference will address the following INFRARISK topics:

- Stress testing framework

- Road and rail example case studies

- INFRARISK Decision Support Tool (IDST)
- INFRARISK GIS Knowledge Base

Date
Thursday, 29" September 2016 09:30-16:30
Venue

DRAGADOS, Madrid, Avda. Camino Santiago 50, 28050-Madrid, Spain (the venue is at close distance
from Airport/Madrid-Barajas )

Registration
Participation is open to all persons interested in this conference.

We encourage you to register for the conference early as the number of participants is limited by the
number of seats in the conference room.

Please send your full name along with the name of your institution/company/project and your contact
details via E-mail to info@infrarisk-fp7.eu.

No Fee

There is no participation fee associated with the conference.



Programme

09:30-10:00
10:00-11:00
10:00-10:10
10:10-10:30
10:30-11:00
11:00-11:30
11:30-13:30
11:30-12:00
12:00-12:30
12:30-13:00
13:00-13:30
13:30-14:30
14:30-16:30
14:30-14:50
14:50-16:30
16:30-16:40

Registration

SESSION 1

Welcome

Overview of INFRARISK project

Protection of critical transport infrastructure - a network management perspective
Coffee break

SESSION 2

INFRARISK Stress Testing Framework and Risk Assessment Methodology
Hazard Identification & Asset Vulnerability Assessment

INFRARISK Case Study: TEN-T Road and Rail networks (Italy and Croatia)
INFRARISK Decision Support Tool (IDST)

Lunch Break

SESSION 3: PANEL DISCUSSION (with the participation of similar EU projects)
Brief introductions of related EU projects

Discussion

Closing

Who should attend?

Stakeholders including policy makers, owners, operators, managers, regulators, practitioners, research
scientists, engineers, and civil protection bodies.

Contact

For any questions regarding the conference please contact M.J. Jimenez: mj.jimenez@csic.es

INFﬁgRISK

www.infrarisk-fp7.eu

This project has received funding from the European Union’s Seventh Programme for research,
technological development and demonstration under grant agreement No. 603960
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Some ldeas

1. Protecting citizens from natural hazards.

2.Minimize risks and vulnerabilities of European
Infrastructure networks.

3.Horizon 2020 Societal Challenge 4: Smart, Green
and Integrated Transport.

1.Resource efficient transport that respects the
environment.

2.Better mobility, less congestion, more safety and
security.
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Some ldeas

1. Rare low frequency high consequence natural hazards
events (black swans) can have catastrophic impacts on
critical infrastructures and trigger cascading effects.

2. Capitalise on knowledge acquired so far in various
sectors having already developed stress test
methodologies and from the lessons learned after Fukushima
and adapt it for critical (non nuclear) infrastructure types that
may be threatened by key natural hazards in Europe.

3. Reinforced European safety assessment capacity.
Improved and more reliable stress tests of critical
Infrastructures. Support for decision making and prioritisation
In the field of mitigation options and support to preparedness.
Better surveillance capacity.

INFRARISK - Novel Indicators for |dentifying Critical INFRAstructure at RISK from Natural Hazards
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Some ldeas

1.Better assessment allows us to be prepared in
terms of:

1. Increasing the resilience of the network.

2.Providing system redundancy In the event a
hazards realizes.

3.Prioritize the investment for hardening the
network before the impact of extreme weather.

4.Update crisis and emergency plans in advance,
making them more efficient.

INFRARISK - Novel Indicators for |dentifying Critical INFRAstructure at RISK from Natural Hazards



FP7 2013 Cooperation Work Programme
Theme 6: Environment (Including Climate change)

INFR‘&RISK

Novel Indicators for identifying critical INFRAstructure at RISK from Natural Hazards
Website

www.infrarisk-fp7.eu
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Overview of the Project & Objectives of
the Final Dissemination Conference
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Objectives of the Final Conference

« General Overview of the Project
- Why INFRARISK?

« Disseminate the key aspects of the research
- Stress testing, Hazard Assessment & Structural Vulnerability

« Demonstrate the validity of the methodologies and tools developed
- Case study description & Decision Support Software Tool

« Highlight Research Activities of similar EU projects

- RAIN, INTACT and STREST

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards rJ RO Dy rJ g?ggﬂgca%
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Overview - Project Details
* Funding Vehicle

EU 7t Framework Programme

 Work Programme
2013 Cooperation Theme 6 — Environment (incl. Climate
Change)

« Call Topic

Env.2013.6.4-4 Towards stress tests for critical infrastructure
against natural hazards

* Duration & Budget
October 2013 — September 2016
approx. €2,8 million

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards rJ RO Dy rJ g?ggﬂgca%
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Overview - Background to the Concept

* Preparedness and resilience/vulnerability of society
* Natural hazards are increasing:

» Increased land occupation

» Eastwards expansion of the EU

» Ageing infrastructure
» Climate Change
» Human activity

» Pan European Networks

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards rJ RO Dy rJ g(’)lggﬂgCa%
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Overview - EU Concerns

* |n 2014, there were 324 disasters
globally

* 141 million people were affected
« Almost 8000 fatalities
* Economic damage of US$ 99 billion

g - v. IR o W
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Overview - EU Concerns

The Izmit earthquake in Turkey:

 Railway running parallel to the fault was
seriously disrupted

* Roads were damaged by landslides

« 60 km of trans European network disrupted
due to viaduct collapse

« 17 000 people killed

* 0,5 million lost their homes

* Reconstruction cost of €15 billion

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards rJ RO Dy rJ (%?BgﬂgCa%
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Overview - EU Concerns

Central European Floods of 2002

« 250 roads and 256 bridges damaged in
Germany and Czech Republic

UK Floods of 2013/14

» Damage of up to €1 billion
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Overview - Resilient Infrastructure

* We need to be able to assess resilience

* 96% of current spending is on response — only 4% on
prevention and preparedness!

* Improving flood defences for 1-in-100-year flood would
cost €1,75 billion

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards J RO Dy rJ (%c’)[l;gﬂg\r;a%]
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Overview - Resilient Infrastructure

* We need to be able to assess resilience

* 96% of current spending is on response — only 4% on
prevention and preparedness!

* Improving flood defences for 1-in-100-year flood would
cost €1,75 billion

 But would save €7 billion!
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Challenges for Resilient Infrastructure

* Increased Traffic (1,5% to 2% per year in tonne-km)

* Ageing Infrastructure (30% of T
railway bridges > 100 years old) collh o

* Budget cuts!
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Overview - Focus of INFRARISK

* Stress testing methodology
* Low probability, high consequence natural hazard events
- Earthquakes, floods and landslides (including cascading effects)
* European road and rail infrastructure (TEN-T)
* Risk quantification

- Physical damage, transport delays, economic loss

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards rJ RO Dy rJ g?ggﬂgca%
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Overview - Outputs

A harmonised multi-risk assessment framework
* INFRARISK Decision Support (Software) Tool

* Training Modules for Infrastructure Managers

The INFRA Declslan Suppert Tool (IDST) IS an advancec Informatlan system

enobles to assess potential cascading ris%s
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Overview - Consortium

Roughan &
O’Donovan
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Overview - Consortium

Y SINTEF

SME partners

 Roughan O’Donovan

« GDG
« PSCT
« PSJ

« Ritchey Consulting
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Overview - Consortium

GG
e =

n Roughan &
0’Donovan

DRAGADOS

csiIC

Research Institutes &

Universities

« ETH Zlrich

« UCL

« CSIC

« Univ Southampton
« SINTEF

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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Overview - Consortium

Industry Partner

 Dragados

HRODJ [&s3ovs
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Set up risk
assessment

Determine parts
of system to be
analysed in more
detail

Determine
approach

l

Define system

representation

More
analysis
required

Estimate risk

|

Evaluate risk

Resulting in
decision to
conduct more

"| analysis, modify

system, or do
nothing
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Landslide susceptibility class
- Very low
TLlow
1 Moderate
9 High
= Very high
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Overview - Infrastructure Elements
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Overview - Infrastructure Elements
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Overview - Case Studies

: = TBN-T Roads

— TEN-T Scandinavian-Mec

- Shudy Area
— Roads
F ky

— TEN-T Network

Critical Element
~ TEN-T Roads

@
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|
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0

feprag. o

ologna Region

INNOVATIVE SOLUTIONS

Roughan &
O’Donovan
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- X Flood Probability
Low
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B High

I Very High

Selected Rail Lines
— Croatian Rail Network
[ NUTS3 Regions

100 0 100 200 300 400 km
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Overview - Decision Support Too

¢ infrariskidst | home - Mozilla Firefox

infrarisk:idst | home

€ Oa soton.ac.uk ¢ + A "B U 4 0 &m O =

L soton.ac.uk =] ¥+ A B U 40 @ O =

==D
Stress Test View: Display PGA grid for case study

INFRARISK Methodology

The colour filled contour map below shows the Problem Identification
Critical infrastructure elements included in this stress test:
ground motion grid (in terms of Peag Ground
« Centre point: 11.303, 44.398 Acceleration PGA) anchored at the selected location. Define Stress Test
 Number of bridges: 328 Form more information on the seismic hazard
« Number of tunnels: 30 methodology click here. Define System Representation
Download hazard PGA grid in CSV format: | & Download PGA Grd Next stage: calculate damage states of the network

elements. Define Spatial

INFRARISK Decision Support Tool 2 damege sl cacbon ns e il oircures

[N complete. Define Hazard Scenario

* The IDST is an online tool to assess the risks to infrastructure networks due to extreme natural hazard events
* Relevant to infrastructure owners, managers, risk managers, civil engineers, transport engineers, and others,

+ Define Network
* Two examples provided
z Characteristics
Evaluate Risk
Determine Outcome of Stress
Test
Imola
Bgaliong
0olS5 ey
00240y ~

0.058-0.069 ¢
59-008g

INNOVATIVE SOLUTIONS
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Previous damage. Cracking of some structural and non-...

Description

Previous damage. Cracking of some
structural and non-structural elements (as
the abutment and a opened hole in the
sidewalk)

Date Cause

20/5/2012 03:00:00

& years agio Emilia EQ - M 6.0

Fatalities

Fully Money Lost
Collapsed
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Overview - Training Course

1. Introduction

2. Stress Testing Procedure and
Overarching Risk Assessment
methodology

3. Infrarisk Decision Support Tool (IDST)

4. The Objective Ranking Tool (ORT) and its application
to the Croatian Rail Case Study

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards rJ RO Dy rJ E)?Bgﬂgca%
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Overview - Related Projects

* RAIN (Coordinator — Trinity College Dublin) A\ RAIN

PPPPPPP

Risk Analysis of Infrastructure Networks in response to Extreme

Weather

X
* INTACT (Coordinator — TNO) %}
*

On the Impact of Extreme Weather in Critical Infrastructure

+ STREST (Coordinator - ETHZ) )| STREST

Harmonized approach to stress tests for critical infrastructures against

natural hazards

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards rJ RO Dy rJ (I?)?BgﬂgCa%
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10.30-11.00:
11.00-11.30:
11.30-12.00:

12.00-12.30:
12.30-13.00:

13.00-13.30:
13.30-14.30:
14.30-14.50:
14.50-16.30:

Conference Structure

Protecting Critical Infrastructure (Brian Bell)
Break

Stress Testing Methodology & Framework (Bryan Adey, Pieter
Van Gelder)

Hazard Identification and Asset Vulnerability (Dina D’Ayala)

Italian Road and Croatian Rail Case studies (Julie Clarke , Robert
Corbally)

Decision Support Tool & Database (Zoheir Sabeur, Titi Roman)
Lunch
RAIN and INTACT (Alan O’ Connor, Peter Petiet)

Panel Discussion

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards rJ RO Dy rJ g?[l;gﬂgca%]
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Novel Indicators for identifying critical INFRAstructure at RISK from Natural Hazards

Website

www.infrarisk-fp7.eu
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Protection of critical transpErt Infrastructure — a
network management perspective

Brian Bell

: UNIVERSITY OF
Advisory Board Chair & University of Surrey " SURREY
Neath & Guildford, UK

Final Dissemination Conference

Friday 29t September 2016, Dragados, Madrid, Spain
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Contents

1. Novel indicators for identifying critical
Infrastructure at risk from natural hazards

2. Novel indicators for identifying critical
(transport) infrastructure at risk from natural
hazards

3. Novel indicators for identifying critical
Infrastructure at risk from natural hazards

4. Novel indicators for identifying critical
Infrastructure at risk from natural hazards
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Infrastructure

What do we mean by infrastructure?

*Simply - anything man made that is necessary to sustain society as we
now know it today.

Utilities

*\Water, electricity, gas, sewerage, telephone, district heating
*Transport

*Roads, railways, airports, ports, commercial waterways
*Buildings

*Housing, shops, offices, factories

UNIVERSITY OF
INFRARISK - Novel Indicators for |dentifying Critical INFRAstructure at RISK from Natural Hazards SI IRREY
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GB Transport Infrastructure

Network Rail (Great 16,000km of railway with 40,000 bridges, 17,000

Britain) retaining walls, 700 tunnels and 2,500 stations

London Underground 400km of railway with 270 stations and 180km of

(London) tunnels

Highways England 7,754km of trunk road and motorway with 17,000
structures including 8,800 bridges

Local roads (Great 380,000km of roads with around 80,000 bridges

Britain)

Canal & River Trust 3,540km of canal with 1,654 locks, 54 tunnels,

(Great Britain) 3,115 bridges, 417 aqueducts and 91 reservoirs

UNIVERSITY OF
INFRARISK - Novel Indicators for |dentifying Critical INFRAstructure at RISK from Natural Hazards SI IRREY
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Transport infrastructure networks are complex and
bring together diverse disciplines and components

*Civil
Earthworks (embankments & cuttings), structures (bridges tunnels &

retaining walls), road pavements/railway tracks, drainage, gantries,
docks, locks

Building
*Stations, airports, depots, signal boxes, sub stations
*Mechanical
‘Pumps
Electrical
*Signals, power supplies, lighting
*Telecommunication
Fixed links (copper & fibre optic), mobile networks, radio systems

UNIVERSITY OF
INFRARISK - Novel Indicators for |dentifying Critical INFRAstructure at RISK from Natural Hazards SI lRREY
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Critical Transport Infrastructure

The INFRARISK project team has identified the TEN-T Trans European
Road and Rail Networks as being critical to the economic and social health
of Europe

" UNIVERSITY OF
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Nevertheless to infrastructure network managers and local communities
almost all other road and rail routes are critical, as their loss will inhibit free
movement and may isolate communities

Halyhead to Dublin

YGell Fm 450

So the developments achieved within INFRARISK need to be capable of

deployment at different levels
UNIVERSITY OF

Lo
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The safety and availability of land transport infrastructure depends
principally on well maintained civil engineering assets:

« bridges, tunnels, earthworks (embankments and cuttings), retaining
walls, road pavements, railway tracks and drainage systems as shown
on the next slide

; UNIVERSITY OF
INFRARISK - Novel Indicators for |dentifying Critical INFRAstructure at RISK from Natural Hazards SI IRREY



Cuttings

Culverts Embankments Retaining walls

Viaducts River & sea defences

Railway Track Road pavement

" UNIVERSITY OF
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All of these assets are at risk from natural hazards such as earthquakes,
landslides, rainfall and flooding.

The INFRARISK project has chosen to concentrate on earthquakes and
flooding, including earthquake induced landslides and scouring
as outlined on the next slide.

UNIVERSITY OF
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B Earthquake

- Seismic activily parameters

- GMPEs

_PGA
- PGV
- SA(T)
- 51

Ground shaking

. Spil
PGA

Slope failure

FGD

Ground deformation

- Support degradation (long-term)
- Local scour {short-term)

Rainfall

_—T

Duration + intensity (hourly/daily rainfall)

o e T

- ~ -
T ¥ \'\_\_\
saturation /
o L .

Flood (fluvial) | | Flood (pluvial) |
| | |

Daily discharge
(volume/time) Water depth
v
Scour
I Submersion
- Water depth

- Flow velocity
- Bed granuflometry

et

e

",

Drought

T
I
I
|

Creation of
ruts {if heat
wave)

I
Change in material
properties i

| (humidity loss] '

| :

Hazards considered by INFRARISK

Flood (coastal)

Duration + intensity
of wind speed
Tide

- Wind setup
- Wave height
- Wave period

Submersion

Infrastructure -

So let’s look at some of the effects of these hazards on transport infrastructure
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Rain induced slope failures
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Fluvial flooding
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Bridges damaged by scour
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Pluvial flooding

i
|
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Drought & heat
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Coastal storms and flooding
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Indicators

From a Network Management perspective

Maintaining safety is paramount

Maintaining a service to the public is the second most important priority

This means that transport infrastructure assets such as embankments,
tunnels and major bridges are hyper critical and need to be treated as if
they have an infinite life so they need to be protected against natural
hazards alongside the normal maintenance interventions to inhibit
deterioration.

Indicators of susceptibility can offer benefits for network management by
suggesting priorities for action

7 »Esg UNIVERSITY OF

SURREY
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What indicators currently exist for trigger events?

« Earthquakes

* None for an actual event but we have knowledge of earthquake prone areas

« Pluvial flooding
* Principally weather forecasts, but these are only really accurate over one or two days

and may not highlight very localised events which tend to be the main source of
hazards to infrastructure

« Fluvial flooding
« Knowledge of rain events in relevant catchment areas
« Distance from rain event to asset location
« Relative importance of tributary affected

* Drought & heat

« Again, principally weather forecasts for the big picture
« Knowledge of micro-climates which could lead to localised hot spots

» Coastal events
* Once again, weather forecasts. However those predicting severe storms are more
likely to be accurate over longer time periods.
« Tide tables to judge the effect of storm surges

1‘. - UNIVERSITY OF
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What indicators currently exist for infrastructure at risk?

« Natural slopes
« Knowledge of local geology
* Height above the infrastructure under consideration
« History of landslides

« Earthworks (man made slopes)
* Age of the earthwork
« Examination reports and knowledge of local geology
*  Proximity of rivers and streams
« History of failures in the area

« Structures
* Knowledge of foundation depths
« Cross section available for the passage of water
« Examination reports recording current physical condition
* Any records of previous floods survived

The INFRARISK project has developed new indicators that we will
learn about today

1‘. - UNIVERSITY OF
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| jJust hope that they are a bit more sophisticated than this...

Thank you for listening
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Process

by

. Set up risk
* A process to assess infrastructure related assessment
risks due to natural hazards was developed
* For use in a wide range of situations, e.g
variations in Seterm
. etermine
— The types of infrastructure to be approach
included in the assessment, . I
. ) Determine parts -
— The types of hazards to be included in of system to be Define system
the assessment analysed in more represntatlon
’ .
. . detail
— The expertise available, ‘ )
— The time available, etimate rick Sesulting in
. . . ecision to
— The need for detailed information, and conduct more
— The computer support available. l - | analysis, modify
Evaluate risk system, or do
nothing
* It encourages only obtaining as much 'V'CI’"e_
. . . analysis
information as required. required
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Set up risk assessment

e determine what needs to be
checked

* define acceptable levels of
risk,

» affects the definition of the
system representation, and
the requirements to conduct
the risk assessment

Infrarisk - Novel Indicators for Identifying Critical

02.09.2016 INFRAstructure at RISK from Natural Hazards



Determine approach

itati i- itati uantitative
determine how risk qualitative  semi-quantitative q

assessment will be

conducted N fffffff
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decide how to | | ?:r::::e:f fffffff
aggregate multiple risks support fffffff
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LLLLLEL

PRy
Level of risk assessment Stakeholders

v
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Define system representation

e determining how the system will be modelled
both spatially and temporally

e the system includes

— the natural environment, e.g. amount of
rain, amount of water in rivers,

— the physical infrastructure, e.g. the
behaviour of a bridge when subjected to
high water levels, and

— human behaviour, e.g. traffic patterns
when a road bridge is no longer
functioning.

The model includes correlations between
events and cascading events

by

Set up risk
assessment

Determine parts
of system to be
analysed in more
detail

Determine
approach

|

Define system

More
analysis
required

representation
E—ﬂ

Estimate risk

}

Evaluate risk

Resulting in
decision to
conduct more

| analysis, modify

system, or do
nothing



Define system representation <~ =

Set up risk .

assessment
Boundaries Something
must be must be
Det . redefined redefined
etermine
——
. scenarios
Determine parts i
of system to be Define system N
; representation Events Something
analysed in more p o @ must be must be
detail redefined redefined
Resulting in Determine
Estimate risk decisionto relationships
conduct mare ) )
i ) . . Scenarios Something
) | analysis, modify must be must be Including
Evaluate risk systgm, or do redefined redefined testing to
nothing | determine
- models
v
analysis
required
Relationships Something
‘ must be must be
redefined redefined
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Define boundaries

» define spatial boundaries

* define temporal
boundaries

* they are different
depending on the part of
the system being analysed.
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Define events

* identify all events (cascading and non-cascading) to be analysed / modelled.

Event type Examples of event and intensity measures

For a rainfall source event, rainfall of pattern x with water per minute of overy
mm?2/s for more than 5 hours.

For a flood hazard event, water levels reaching x m depth in locations a, b and c,
and amounts of water per second coming in contact with bridge i over j m3/s.

For a bridge collapse, damage resulting in full closure of the road, damage results
in the closure of one lane of traffic, damage resulting in no closure of the road.

For example, due the freight corridor between Rotterdam and Genoa being closed
50% of goods is put onto trucks, 40% of goods is diverted over other train routes
and 10% is not delivered.

Amounts an infrastructure manager spends on reconstruction
amounts users spend in additional travel time

Infrarisk - Novel Indicators for Identifying Critical
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Define scenarios

initial source event  hazard event  infrastructure network use societal event /
i ||nk events system state event event consequences
together from the rain fall water levels not fully traffic patterns
amount > a >b operational > category c
source to the #1 units of
. ‘ additional travel
societal events. [ves | ———<q | time, y1 units of

reconstruction
costs

x2 units of
additional travel
. 10 ————< | time, yo units of

reconstruction

e determine the
value of the

— yes
intensity measures ' costs
1 i rg units of
to prOVIde Cla”ty additional travel
on how events are e ' O < | time, us uni{t_..« of
: C reconstruction
considered to be costs
related x4 units of
additional travel
O —‘L no @ O <q | time, y4 units of
reconstruction
 do not estimate co e
1 HH x5 units of
thelr prObablllty Of additional travel
occurrence or put — no O O O <] | time, y5 units of
reconstruction
a value on the costs
consequences
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Define relationships

Legend {7 'ﬂN
pmcipitatiopfﬁ'm]' @
B &
W 120
| D(:atfilma!ut
* Determine the N
relationships between o
the events Lo N
water depth [m] @
o1
. . 12
* involve testing to ensure 23
. . 4
that the relationships S
between events are LR
defined correctly s e
| 1
\ 2
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Define models

e Determine the models of
the relationships

[ catchment
Fragility Function for Bridge Local Scour
(Typology A) 0. ' 1 oBN8 % em
o | Damage States L -
~ | — ps1— ps2— Dps3
o Legend N
o ] water depth [m] @
—_ o1
g o | W12
o 2-3
g o mi
ﬁ 5 B discharge
o @river center
o~ == cross sections
o
o |
o
T T T
1 100 10000
Discharge (m*/s) [Log Scale]
208 \ 800 m
I —
\ -2
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Time Step 1

Time Step 11

sssssssss
ssssssssss

Define models =

aaaaaaaa
eeeeeeee

Precipitation Runoff Hazards Road Sections Road Capacity Travel Tinfe
= SR
’1
rainfall [mm]| discharge [m?/s] inundation road sections capacity travel time
0 1500 depth [m] not affected  [cars per minute] [minutes]
|:| ] 1-2 affected 0 - 500 0-5
0 I 2-3 —— 500- 1000 == 5- 60
90 I -4 w— 1000 - 1500 e G0 - 120
——  river B 4-5 e 1500 - 2000
Bl -6 w2000 - 2500
Bl landslide
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Estimate risk

* estimate and aggregate

* pay attention to the
certainty of the
estimation of

— the probabilities of
occurrence and

— consequences of
each of the
scenarios

02.09.2016

Total
risk

Time [days] (log scale)

Accumulated Restoration Time

— a

e e simulation results

veraged results

108 | .
L J

" e

Ani
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Estimate risk

Legend
water depth [m]|
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02.09.2016 Infrarisk - Novel Indicators for Identifying Critical .

INFRAstructure at RISK from Natural Hazards



Estimate risk
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Estimate risk

Legend

B inundation

B landslide

— road network

* impaired road section

[ cluster of impabbred sections
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Estimate risk
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Evaluate risk

 determine the meaning of the estimated risk to
stakeholders

e decide as to whether the risk assessment has been
satisfactorily done,

* ends with one of following decisions made:

— Risk assessment performed satisfactorily and risk
levels acceptable

— Risk assessment performed satisfactorily and risk
levels not acceptable

— Risk assessment not conducted satisfactorily (more
analysis is required)

Set up risk
assessment

Determine parts
of system to be

analysed in more
detail

More
analysis
required

Determine
approach

I R

Define system

representation

Estimate risk

N

Evaluate risk

Resulting in

decision to
conduct more
analysis, modify
system, or do

nothing



Determine parts...

* more detail, if any

* select parts likely to generate the most
reduction in uncertainty

 do not only select parts where risk is likely to
be reduced in a way that will result in a pass

* avoid preferential selection of parts, the
uncertainty related to each part of the system
need to be determined

by

Set up risk
assessment

Determine parts
of system to be
analysed in more
detail

Determine
approach

l

Define system
representation

More
analysis
required

Estimate risk

}

Evaluate risk

Resulting in
decision to
conduct more

“| analysis, modify

system, or do
nothing



Conclusion

* A process to assess infrastructure related risks due to natural hazards was presented

* It can be used by all infrastructure managers in all of the wide range of situations in which
they might be including variations in

— The types of infrastructure to be included in the assessment,
— The types of hazards to be included in the assessment,

— The expertise available,

— The time available,

— The need for detailed information, and

— The computer support available.

 More information on the process, and an example using a road network and flood and
landslide hazards, can be found in Deliverable 4.2.
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Stress Testing Concept

» Stress tests refer to the analysis of a particular
system or subsystem under a specific set of
adverse conditions to determine the potential
losses.

* The outcome of stress tests can be used to

inform decisions regarding the protection of
existing or future-planned infrastructure, which
can contribute to the resilience of critical
transport networks.
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Stress Test Definition

In a stress test we just construct the one
outcome probability distribution for some
given adverse scenario S, say, p(O,|S,A”)
where the O, are the outcomes, for
i®)=1,..., nN® and A s the action to keep
the status quo.
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Stress Test Definition

* The stress output consists of, in probability
theoretical terms, an outcome probability
distribution which is conditional to the
proposed stress scenario; i.e. a conditional
outcome distribution.

 Typical stress outcome metrics are the costs of
physical repairs to the network, delay times for
network users, loss of connectivity etc.
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Missed stress test opportunity
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Stress test framework follows the risk framework of WP4

We zoom in on the following steps:

 Generate a natural hazard stress scenario — Spatial
hazard map

- Spatial hazard map — Probability map via conditional
fragility curves

* Probability Map — Damage state scenario selection via
smart algorithms (MC, NS, PSA)

» Selected set of damage state scenarios — Estimation of
outcome metric — Evaluation of the outcome metric

INFRARISK - Novel Indicators for |dentifying Critical INFRAstructure at RISK from Natural Hazards
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Selecting stress scenario’s

* Stress scenarios can be based on

* historical scenarios, employing shocks that occurred in
the past,

* hypothetical/synthetic scenarios, constructed to take
account of plausible changes in circumstances that have
no historical precedent.

- extreme value theory, which applies statistical analysis to
the tails of return distributions,

- maximum loss approach, which estimates the
combination of factors that would cause the largest loss
to the system under consideration
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Selecting stress scenario’s

« Structured brainstorming sessions, such as
conducted in general morphological
analyses (Ritchey, 1998), may be used to
elicit stress scenario’s

*One possible instrument by which to
structure a brainstorming session is the use
of Delphi panels and Similarity Judgment
(Prak, 2009)
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Propagation of flood stress scenario downstream

‘Spatial hazard’
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Infrastructural systems

* Infrastructural systems can be modeled as
fault tree systems with a large number of
(dependent) components

Island

Island
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Spatial hazard map — Probability map

Say we have a probability map for damage states of

objects arranged in a 11-by-11 grid, caused by the spatial
hazard

0.000420034% 0.000707223 0.00113904 0.00132693 0.00261704 0.00234277 0.00261704 0.001233693 0.00113904 0.000707223 0.000420024
0D.o0p00%0?233 0D.0014148283 0. 34377 0.0059118986 D.009935425 = 0.0121162 0D.009935423 0.00391196 . 00234877 D.00141483 0.0Q00%07223
0.00112804 0.002342727 0.0D0227847 0.02323561 0D.0357882 0.0777906 0D.05573883 0.02323561 0.002827847 0.0029428727 0.00112804

0.00122693 0.00591196 0.397322 0.228243 0.111632

. . .033%883 0.3893245 0D.9297686 . . . .0337883 0.009934253 0.00261704&

D.00122693 0.003591186 0.0238561 0.111633 0.3239245 0.3597382 0.388243 0.111633 0.D0232561 0.005911896 0.00122683

?????????
lllllllll

The damage state space which corresponds
with this probability map is 2*'=2.66"10".
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Probability Map — Damage state scenario
selection via smart algorithms (MC, NS, PSA)

* The 2.66 10236 damage state vectors can be
reduced to 65536 damage state vectors with
a probability coverage of 1.0
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Selected set of damage state scenarios —
Estimation of outcome metric

Frequency in 10® Realisations

e

1 1
0 0.5 1 1.5 2 25 3 3.5 4
Total System Repair Cost «10°
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Decision making phase of
a stress test outcome

*The Ilevel of risk that is considered

acceptable will typically vary from situation
to situation

» Stress test outcome distributions can be
compared to eachother, following a
Bayesian decision-theoretical framework
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Evaluation of the outcome metric

 Comparison of two conditionalized outcome
probability distributions
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Decision making phase of
a stress test outcome

p(0|D,)
NI p(O| Dl)
LB_(GISI) mLB(_DéS) O UB(ZIISZ) IJ%(DI)
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Decision making phase of
a stress test outcome

* Trade-off lower and upper bound ‘gains’:

" A;p dominates Ayp.
" A;p favours D, over D;,.

" Choose D,.

A g A
T — —
LB(D,) LB(D,) UB(D,) UB(D,)
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Decision making phase of
a stress test outcome

* Or, equivalently, choose D, because:

LB(D,) — LB(D,) > UB(D,) — UB(D,)

* Or, equivalently, choose D, because:
LB(D,) + UB(D,) > LB(D;) + UB(D,)
 The comparison of bounds may be simplified into

comparisormrora single measure™——

LB(D,) LB(D,) UB(D,) UB(D,)
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Decision making_phase of
a stress test outcome

* Choose the decision D; which maximizes the sum of
bounds:

LB(D;) + E(D;) + UB(D;) .

* As opposed to choosing the decision D; which
maximizes the expectation values:

E(D).
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Concluding remarks

* General stress test framework is presented in which

stress tests are just a special instance of a risk
assessment, where instead of marginalizing over all
the possible stress scenarios one specific stress
scenario is chosen instead for which to gauge its
potential effects.

* This stress test framework is simple enough on the
conceptual side. On the practical side, however, when
one wishes to implement this framework, things can
quickly become non-trivial, for which 3 sampling
algorithms have been developed.
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Objectives / Challenges

Spatial extent of critical infrastructure =» components may be exposed to a wide
range of hazard types

 How to reconcile damage events from different hazard types?

How to harmonize multi-risk assessment over the whole infrastructure?

=>» Use of a Bayesian framework to assemble hazard-specific fragility curves

e Interdependency between infrastructure elements =» high dimensionality of
the space of solutions

e Functionality loss of elements is more important than direct repair costs

e Spatial consistency of hazard input (i.e. scenario-based approaches)

=>» Application of Bayesian Networks in complement to simulation-based methods
(e.g. FP7 SYNER-G project, OOFIMS tool)?
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Single and Multi-Risk Assessment
* Interactions at the HAZARD level
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=» Generation of cascading hazard events and joint independent hazard events

=>» Spatial (geographical extent of infrastructure) and temporal (return periods
of source events) modelling
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Single and Multi-Risk Assessment

Interactions at the EXPOSURE/VULNERABILITY level?

Spatial extent of critical infrastructure =» components may be exposed to a wide
range of hazard types

How to reconcile damage events from different hazard types?
How to harmonize multi-risk assessment over the whole infrastructure?

Development of a method to derive fragility models that are consistent
between hazard types

Use of a Bayesian framework to assemble hazard-specific fragility curves

Application to roadway bridges, exposed to earthquakes (EQ), fluvial floods
(FL) and ground failures (GF)
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Overview of the proposed approach

Hazard types
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Harmonized fragility functions
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Multi-hazard scenarios
e Multi-risk event taxonomy proposed by Lee & Steinberg (2008):

— Single event;
— Combined events: single event triggering multiple loading mechanisms;

— Subsequent events: unrelated single events triggered by different sources and
possibly separated in time;

e Proposed multi-risk scenarios:
- Single event: flood (FL)
— Combined events: earthquake-induced ground failure (EQ = GF)
— Subsequent events: flood follow by an earthquake (FL + EQ = GF)

=» Multi-risk fragility framework should be consistent with all
these cases
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Seismic Hazard Modelling

CSIC, Spain
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Seismic Hazard Approach

 Development of a seismic hazard approach best suited to consider low
probability ground motions affecting critical transport infrastructures
networks.

» Probabilistic-based approach applying Monte Carlo simulation techniques
(the most adapted when dealing with low-probability ground motions)

« Allows for building long-duration synthetic earthquake catalogues (3x10°
years) to derive low-probability ground motions

« More powerful and flexible handling of uncertainties, and making
straightforward the link with probabilistic risk analysis

* Provides a distribution of maximum ground-motion amplitudes that follow a
general extreme-value distribution

» Facilitates the analysis of the occurrence of extremes, i.e., very low probability of
exceedance, from unlikely combinations; which could be applied in the
development of stress tests

» Development of extreme motion hazard deterministic scenarios
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SINGLE AREA SOURCE

400 km x 500 km Seismic Hazard Model

Extreme ground-motion scenarios for selected

o combinations of modelling inputs which include:
(a) Seismic activity model (4)
HAZARD REGION (b) Ground motion model (2)
PO 9 D) L] (c) Hazard level (3)
1 km-grid (20,301 sites) . .
Reference site (red dot) (d) Fractile of extreme ground motions (3)

« Value at the reference site is the extreme ground motion corresponding to the
selected hazard level (i.e., annual probability of being exceeded) and
fractile/percentile (p) of extreme values (i.e., only 100-p% of extremes are larger)

* Assuming that the same parameters generating the extreme value at the centre
apply to all grid points, extreme motion hazard deterministic scenarios (72
scenarios) are obtained for the whole hazard region
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Seismic Activity Models

Derived from area source model of European SHARE project

» High activity (from SHARE_Active 203 sources, 31% area)

» Moderate activity (from SHARE_SCR-Ext 80 sources, 40% area)

» Moderate-to-low activity (from SHARE_SCR-NoEXxt 17 sources, 15% area)
» Low activity (from SHARE_SCR-Shield 8 sources, 13% area)

Legend
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Seismic Activity Models

28571 1.950 0.10 0.10 7.00 0.50
28571 2.303 0.60 10.0 0.40 7.20 0.20
High activity
(SHARE_Active) 107143 2.000 0.10 18.0 0.50 7.40 0.20
107143 2.303 0.10 8.00 0.10
214286 2.303 0.10

143 2.150 0.15 6.50 0.50
Moderate activity 2857 2.303 0.85 uniform 6.70 0.20
(SHARE_SCR-Ext) 2-22 6.90 0.20
7.10 0.10
214 2.303 0.50 6.50 0.50

Moderate-to-low .
w 2143 2.303 0.50 uniform 6.75 0.20

activity

(SHARE_SCR-NoOEXxt) 2-26 6.95 0.20
7.20 0.10
264 2.303 0.75 6.50 0.50
Low activity 514 2.303 0.25 uniform 6.70 0.20
(SHARE_SCR-Shield) 30-35 6.90 0.20
7.10 0.10
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Ground Motion Models

Two models based on those developed by Atkinson and Adams (2013) in the
2015 edition of the National Building Code of Canada, for Vg;,=760 m/s soils

» Generic Low Attenuation (derived from ENA)
» Generic High Attenuation (derived from Wcrust)

Hazard level

Three levels of annual probability, P1, of exceeding ground-motion values at the
reference site: 4x104, 2x10-4, and 10 per year. They correspond to mean return
periods of 2,500, 5,000, and 10,000 years (1/P1 = mean return period)

Fractile of extreme ground-motions

Three options of fractiles of extreme ground-motion values at the reference site:
0.50, 0.75 and 0.90. They refer to percentile, p, of 50th, 75th, and 90% (i.e., only
100-p% of extremes are larger)
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Spatial Variability

Hypothesis: Spatial correlation (covariance) not direction dependent
Approach: Running averaging window on a 2D normal random field
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Scenario example

High activity & Generic Low Attenuation & 2x104 & 0.50

[SHARE_Active & ENA & 2x10e-04 & 0.50]
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From Asset damage to
network damage

Final Dissemination Conference
29 September 2016, Madrid, Spain
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The INFRARISK case-study
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The INFRARISK case-study
Bologna area

Legend
Bridges
Tunnels

Italy major roads

NFR RISK I J 7 ; ' Secondary roads

| Case-study area
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Hazard identification
- Historic flood events

Bridges

Tunnels
Italy major roads | 3

Secondary roads#

INFEBRISK
EETT-N
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Hazard identification
- Landslide susceptibility

Bridges

Tunnels
Italy major roads | 3

Secondary roads#

. : g %o e ' : - moderate
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Hazard identification
- Seismic zonation

NFRL\RISK

Tunnels

Italy major roads §

Secondary roadsks
Seismic zonation

zone 4

zone 5
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Hazard identification
- Aggregated hazard

Bridges

Tunnels

Italy major roads '

Secondary roads

Multi-hazard index
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Criticity of infrastructure
- Betweenness centrality

|NFR’BR|SK
EETT-N

Bridges

Tunnels

Italy major roads

22 Betweenness centrality

0-18755

18755 - 70511
— 70511-161841

161841 - 292285

292285 - 449375

449375 - 746967

746967 - 1240430

| Case-study area
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Exposure model
- Taxonomy of bridges

Name: Type of Column section 1: Rectangular
Note: Type of Column section 2: Solid
Where: 11.205521, 44.494518 Spans: Multi-span

Material MM1: Concrete Span length: 25-45m

Material MM2: Prestressed concrete Connection to abutment: Isolated (through bearings) |8
Bridge width: <20m Bridge configuration: Regular

Bridge length: <50m Type of deck 1: Undefined

Deck structural system: Simply supported Type of deck 2: Undefined

Pier to deck connection: Isolated (through bearings) Number of columns for pier: Undefined
Type of pier: Multi-column pier Pier height: Undefined

Level of seismic design: Seismic design Number of spans: Undefined

Legend
Bridges
Tunnels

Italy major roads

NFR RISK I : ‘ ; ¥ Secondary roads

| Case-study area
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Fragility model
- Seismic fragility curves
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Fragility model
- Multi-risk fragility functions

INFR‘ERISK
EETT-N
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Abutment approach (embankment)

Fragility model
- Multi-risk fragility functions

Abutment/
Abutment foundation”
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Fragility mOdeI _ ; Abutment approach (embankment)
- Multi-risk fragility functions

| 1 -
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S hear |(.B-V/ Pier__
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Fragility model
- Multi-risk fragility functions

| 1 - ;
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Fragility model

- Multi-risk fragility functions

Functionality Level FL1

P (FL1 | Q,PGA)
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n
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Fragility model
- Multi-risk fragility functions

Functior

Functionality Levq_l FL1

P (FL1 | Q,PGA)
P (FLZ | Q,PGA)
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| Case-study area
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Physical damage map
- Seismic damage to bridges

Damage states are
randomly sampled
given the damage

probabilities

__ e ot gend
Damage scenario 1 ' - . 512 ' S Damage scenario 1%

' . ' DO - intact
D1 - minor
D2 - extensive
D4 - collapse
Bridges
Tunnels

Italy major roads

NFR RISK I J : 7 ; ' Secondary roads

| Case-study area
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Functional consequences
- Impacted road segments

Damage states are
randomly sampled
given the damage

probabilities

Damage scenario 1 ' B j ) & 8 egend
' : #Damage scenario 1858
DO - intact .
D1 - minor
D2 - extensive
D4 - collapse
Impacted roads

Italy major roads

NFR RISK I J : 7 ; ' Secondary roads

| Case-study area
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Physical damage map
- Seismic damage to bridges

Damage states are
randomly sampled
given the damage

probabilities

__ e ot gend
Damage scenario 2 ' - . 512 ' S Damage scenario 2%

' . ' DO - intact
D1 - minor
D2 - extensive
D4 - collapse
Bridges
Tunnels

Italy major roads

NFR RISK I J 7 ; ' Secondary roads

| Case-study area
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Functional consequences
- Impacted road segments

Damage states are
randomly sampled
given the damage

probabilities

Damage scenario 2 ' TR .- e 8 egend
' : SDamage scenario 285
DO - intact .
D1 - minor
D2 - extensive
D4 - collapse
Impacted roads

Italy major roads

NFR RISK I J 7 ; ' Secondary roads

| Case-study area
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From Physical damage to
functionality loss and resilience

Final Dissemination Conference
29 September 2016, Madrid, Spain
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Bridge failure modes

> Identification of around 50 damage mechanisms =» what are their effects on

the bridge functionality?

i) Component

Sub-type

Failure mode

jin] Component

Sub-type

Failure mode

Damage

‘Severity'

Description

Earthquake hozard

1 Pier
2 Pier
Kl Pier
1 Abutment
5 Abutment

Bending

Shear

Tilting

Piles

Backfill

D1

D2

Dz

D

D3

D

D1

D2
D3

o
D2

Da

- Minor cracking/spalling

- Yielding

- Cracking /spalling

{still structurally sound)

- Column degrading without
collapse (structurally unsafe)
- Column collapsing

- Reinforcement buckling

- Brittle shear failure

- Tilting of substructure

due to foundation failure

- Minor cracking /spalling
- First yielding point
- Ultimate deformation

- Vertical offset

p closure
- Passive resistance of
- backfill soil is reached

- Ultimate displacement

12 Bearing

Fixed

Steel

pendulum

roller

Bolted

neoprens

TUnbalted

neoprene

TUnbalted

neoprens

Transverse

loading

Friction/

slipping

Rollover

D2
Da

D1

D2
D4

D

D1

D1

D2

D3

Da

D1

Da

Da

D1

D2

- Failure

m Component  Sub-type  Failure mode  Damage Description
‘Severity'
85 - Pad dimensions
Description
are reached
- D1 - Deck unseating
of the backfill system
Elastomeric - D1 - Noticeable deformation
- Gap closure
. w dowels D2 - Passible deck realignment
- Minor cracks
and dowel fracture
tensive eracking/spalling
D - Girder retention and
- Deck nmseating deck realignment
i - deck unseating
- Shear strength reached
- Deck unseating - - D1 - Minor eracking
- Curvature limits reached
D1 - Deck collapse

- Bearing capacity under

non conditions
- Vertical instability

- Deck unseating

- Bearing capacity under
non-seismic conditions

- Deck unseating

- 150% of rubber
shear strain amplitude
- 200% of rubber
shear strain amplitude
- 300% of rubber
shear strain amplitude

- Deck unseating

- Friction resistance
is reached

- Pad dimensions
are reached

- Deck unseating

- 1/3 of pad dimensions

are reached

- Slope

failure

- Subsidence /

settlement

- Differential displacements

leading to deck collapse

- Settlement of soil under

approsach embankment

- Local

seour

- Streamhbed

downentting

- Local

seouT

- Streambed

downeutting

- Overtopping

- Scour depth {below,

within fabove footing)

ers are affected

- Culverts are undercut

- Scour depth (below/

within fabove footing)

- Abutments are affected

- Culverts are undercut

- Shifting of deck due

ta hydraulic pressure

Review and
taxonomy of
qualitative

damage

scales

pe

Failure mode  Damage

‘Heverity

Description

-1/20f pad d

are reached

Debris -

accumulation

Channel -

modification

- Reduction of flow capacity

- Backup of water flow

- Shifting/migration of

waterway channel alignment
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Proposed strategy

System Performance Indicators

INFRASTRUCTURE ELEMENT

Aggregated functionality curves
1

AV4
STRUCTURAL COMPONENT

Failure modes

He HH
2 i
% C1 -®/ Component Failure Modes [« Component Fragility Curves
(=
é © Loss Metrics
Q C
O n
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Application to a bridge example

Abutment approach (embankment)

Multi-Span Simply-Supported Concrete (MSSSC) bridge
proposed by Nielson (2005)

Abutment foundatie

22 vulnerable components when
considering both loading directions:

Damage “Severity’ ¥ direction
ID  Component Failure mode EDP D51 D52 DS3 D54
1 FPier Bending Section curvature  0.005 0.008 0014 0.020 (X)
0.015 0.024 0.041 0.061 (V) o _
T Abutment  Piles Deformation n 76 254 2000 —(x) ldentification of 18 failure modes at the
tension [mm] 76 254 2000 —(Y) component level
5 Abutment Backfill Deformation in 192 254 — 1020 (X)
compression [mm]| - - - —(Y)
6 Shear key - Deformation [mm)| - - - — (X)
250 255 255 406.0 (Y)
13 Fixed - Deformation [mm] 105 105 125 1520 (X)
bearing - - - —(¥)
Expansion - Deformation [mm] 105 250 345 152.0 (X)
hearing - — - — (V)
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Functionality models at component level

Expert-based survey Functionality models for downtime duration and functional losses
Repair duration models Functional loss models
1 1 1 F- T~ 1 il
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Component fragility curves

> Non-linear dynamic time-history analyses of a finite element model of the bridge:

1r

D1
D2
D3

F(ds zD5 | PGA)
=
n

« The response of each — =
. A1 - active
component is taken 0 ; o
separately to derive 1 1 1
component fragility é
curves —
& 05} 05 0.5
Ml
ﬁ AZ - active Al - passive A2 - passiJ
o |::| x . - |::| L L L {] L L L
0 5 10 15 0 5 10 15 0 5 10 15

 The responses of all
components are used to
build a correlation

F(ds = DS | PGA)

05 ;
matrix (accounting for / B2/Sh2
statistical dependence) ol e
0 5 10 15
E— 1 .....

g_ ,.f'/

b ost /|,

Ml I.'
i I B5/Sh5
0 5 10 15 0 5 10 15 0 5 10 15
PGA [mis7] PGA [m/s] PGA [mis7]
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>Cgal;i£%a’ 9e-|:'):ei ncg err?cegelr;'%xyt?ct%nrgf 9 D%we]ct-asggg claess\éfevarr]lz;\'éﬁes:

k k
2
Zi= 1= 5 Vi+ 21U,
j=1 j=1 _
> Approximation of thecorrefation matrix betweeno Z;safety factors:

K
Pil zZ:rij'rlj

> V. =» Standard normal variable sfgcific to leach component

> U, =» Standard normal variable common to all components

Representation of
the variables in a
Bayesian Network

| |
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Assembling failure modes
@®@Q®@%Dmmmw

\\ 54
@ e‘@'@‘eh@ Component damage states

(Y?Y?bd@@i@hmmﬂm
0404040 :&

Chain structures
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Derivation of functionality loss curves

m— {J% speed reduction
20% speed reduction
50% lane closure

0% lane closure

+ Solving of the Bayesian ol 0l
Network for increasing values osl sl
Of IM = o7t 07t
. . 2 osl 5 o8l
* Observing the updating of the =" e
probabilities at nodes S1 and | = 05
82 .g D4t —— 30 days = 04l
— 45 days o
o 03k G0 days o3t
w75 days
02 s U0 days 02+
105 days
01r 120 days 01
} — |35 days
UD 5 10 15 BD

PGA [m/s7]
Repair duration

5 10 15
PGA [m/s7]

Functional loss

* Observing the updated probability at node SYS provides access to joint probabilities

of occurrence:

PGA = 1 m/s” PGA = 3 m/s? Il o toss PGA = 5 m/s®
: H E 10% speed reduction '
[] 20% speed reducticn
[] 50% lane closure
B 100% lane closure

i R ) 1
Functional loss Functional loss Funcfional loss
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Application to a road network analysis

® ity * Virtual proof-of-concept for illustration
- purposes

= highway

— road + Each edge is assumed to contain a

bridge (111 bridges)

seismogenetic area

+ Seismic events are probabilistically
sampled (Monte-Carlo simulation)

* Network is assumed to link 5 cities of

interest
Performance Indicator 1 = Performance Indicator 2 = single
averaged ratio of increased travel connectivity loss between each city:

times between selected cities:

R — lzn:TTi,d For n inter-city SCL=1- Ns,j,d Forj=1.5 (#
T n i 1T, travels (n = 10) of cities)
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Annual probability of exceedance

« The empirical CDF of the performance indicator is derived from

5,000 runs
 Assumed seismic activity parameter: 0.01 annual rate of EQ
occurrence
0.01
Rt SCL
: 2
s C 00003}
@ o
(&) Lib]
3 g
2 0001F L 0.0002
2 5
i) =
g 5
L o
© o
= - 0.0001
< g
 0.0001F E
= <
[
3
| | | | 1 | 1 1 E | | | 1 1
1 2 3 4 6] 6 7 8 9 0 02 04 06 08 1
Averaged ratio of increased travel imes R Single Connectivity Loss

More refined capacity-based performance indicators would require
high computational costs (e.q. traffic models, etc.)
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Computation of the resi

» Performance indicator (system loss):

eXx

* Proposed measure for remaining functionality:

1

09

Each sampled damage scenario
— |leads to a different resilience
index

= probability distribution?

08

0.7

Q) =1/R,

06

05

041

0.3 1 1
E— T0 Te

Time t
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Evaluation of restoration strategies

« Assumption : only one repair team available (restoration sequence)

 Three restoration schemes are evaluated:
1. Work in priority on the bridges with heaviest functional losses
2. Work in priority on the bridges with lightest functional losses

3. Work in priority on the bridges that have the highest impact on the network
performance

— Option 1
— Option 2
— Option 3

10 |

Mean Annual Frequence of Exceedance

| | |
0 0.1 02 03 04 05 06 07 08
Resilience Loss 1-R
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Conclusions

* Merits of Bayesian Networks to assess joint probabilities of occurrence and to
decompose complex events at smaller scales (from system to components and vice-
versa)

 Component-level damage mechanisms provide a better resolution of the functional
consequences

» Efficient and innovative seismic hazard approach to handle low-probability extreme
ground motions and derive associated deterministic scenarios

* The two procedures above can be successfully sued to determine network physical
damage scenarios

 Need to improve the knowledge of functionality models for various failure modes

* Functionality curves may be derived for other hazard types since they provide a
harmonized ‘damage’ scale

e Application to a real-life network is underway
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www.infrarisk-fp7.eu
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Case Studies: TEN-T Road and Rail Networks

Julie Clarke, Robert Corbally r
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Dublin, Ireland

Final Dissemination Conference
29t September 2016, DRAGADOS, Madrid, Avda. Camino Santiago 50,
28050 Madrid, Spain
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Case Studies: Aims and Objectives
- [ Risk Profiling of Natural ] —

Overarching
Risk
Assessment
Methodology

Hazards and Infrastructure

l

[ Single Risk Assessment ]

l

Space-Time Modelling of
Structural Behaviours and
Natural Hazards

l

Stress Tests for Multi-Risk
Scenarios

) I

[ Implementation Strategy ]

L

—

Case Study
Simulation

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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Critical European Road and Rail Infrastructure

Trans-European (TEN-T) Network
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 Physical damage
* Travel disruption

- Losses
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Stress Tests

General process to ensure acceptable levels of risk:

Assessment Program

ee Conduct Risk Conduct Intervention
[ Initiate ]—> —_—
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GMA Workshops

« Italian Case Study

— TEN-T Network
= TEN-T Scandinavian-Mediteranean Corridor
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GMA Workshops

- Italian Case Study

— TEN-T Network
= TEN-T Scandinavian-Mediteranean Corridor

|| Province of Bologna

[ ttatian Regions

Landslide Suceptibility
’:’ very low

] tow

- moderate

I igh
- very high

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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GMA Workshops

 Croatian Case Study

Flood Probability
— TEN-T Network e
= TEN-T Mediterranean Corridor M. R
B High
I Very High
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GMA Workshops

« Croatian Case Study

— TEN-T Network
= TEN-T Mediterranean Corridor

Landslide susceptibility class
I Very low

o Lew

[T Modarate

I High

I Very high
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Stress Tests

General process to ensure acceptable levels of risk:

Assessment Program

e. Conduct Risk Conduct Intervention
[ Initiate ]—> —
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Stress Tests

Conduct Risk Assessment:

Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards IJ RO W
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Italian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

- Low probability, high consequence seismic scenarios

- Cascading landslide hazard effects

* Direct and indirect consequences
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Italian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

- Low probability, high consequence seismic scenarios

- Cascading landslide hazard effects
* Direct and indirect consequences

* Quantitative risk assessment
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Italian Case Study

Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

[ study srea
= TEN-T Roads

Spatial Boundaries
« 3140 km roads

« Area 990 km?

- Metropolitan area of Bologna

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards IJ RO Dy
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Italian Case Study

Set up Risk Determine Define
Assessment Approach System

Seismic Hazard Model

- Ground-motion fields
» Seismic activity model
» Ground motion model
> Hazard level

» Percentile of extreme ground
motion values at reference site
(shown in red)

Estimate
Risk

Evaluate
Risk

400 km

A

100 km

200 km

Hazard area

\ 4

500 km
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Italian Case Study

Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

= Ses
Seismic Hazard Model (Stress Test) e

MW 15-20
- Example GM field —

» SHARE Active
» Low attenuation ground motion

» 10,000 year return period
» 90% fractile

 Linked to ‘critical network element’

> Betweenness centrality method

10 0 10 20 30 40 km
[ = mm—— s
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Italian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

Earthguake-triggered landslides

* Rigid sliding block approach

> Landslide yield acceleration values (k,)

%
f b S
H [ Study Area i 5 I /
3 Study Area — TBN-T Roads T et gl ! [ e £ 1
— TEN-T Roads - . X — Roads | / s
“f’a'y’ Y eclogcal Froperties | f

J25 0 25 5 75 10km!

25 0 25 5 75 10km W
————— |

[ obsmsuntug consbisn
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Italian Case Study

Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk
TR | Vi o ; ™

-y E "/ N |

Network Vulnerability ) o Q
@ DO -y
% A % @ N ,”l_

- 340 bridges, 30 tunnels B ©.

P T 1 457
s Q,‘t"l} '—‘t‘lt‘?ﬁ}’» Q’lﬂ

g O
SRR [

« 10m road sections on slopes >10°

Bridges Earthquakes

.....
Pietro

triggered landslides

Tunnels Earthquakes i
Road Sections Earthquake-
k 25 0 25 5 75 ;u
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Italian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

Network Vulnerability — Bridges and Tunnels

e Structural data gathered using Google Maps
 Four damage states defined

> Slight

» Moderate

P(DS > ds [PGA)

—ds1 - median
———ds1 - lower bound
———ds1 - upper bound
——ds2 - median
———ds2 - lower bound
— — —ds2 - upper bound

> Extensive

i 15 2 25 3
PGA(g)

» Complete

« Fragility functions assigned based on existing database
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Italian Case Study

|

Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

Network Vulnerability — Road Sections

- Three damage states defined

> Slight

> Moderate

» Extensive/Complete

P(DS = ds |PGA)

- Fragility functions assigned based on k,

value and road type

|

05 1 15 2 25 3
PGA(g)
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Italian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

Network Vulnerability — Functionality Loss

- Defined per network element type in terms of individual
damage states

» Functionality capacity loss
» Restoration duration

» Repair cost

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards IJ RO Dy
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Italian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

San Gidvanni ? Argelato | /
in Persiceto | [ s e
g siight y,

Network Vulnerability — Travel Delays BT

— Principal Arterial
— Highway

- Regional traffic analysis et

Collector

» NEXTA traffic modelling software

25 0 25 5 7.5 10km .
e
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Italian Case Study

Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

-~

[ Study Area
— TEN-T Roads

Network Vulnerability — Travel Delays =™,

- Regional traffic analysis
» NEXTA traffic modelling software

» Origin-Destination data obtained from
Italian 2011 census data to represent
traffic demand
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Italian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

Network Vulnerability — Travel Delays

- Regional traffic analysis

» NEXTA traffic modelling software

> Origin-Destination data obtained from \./‘-A" _» , f«’
Italian 2011 census data to represent - s O
traffic demand & b 7
> Simulation of post-event traffic » et \‘
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Italian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

Network Vulnerability — Travel Delays

- National traffic analysis
» NEXTA traffic modelling software
» Wider impacts
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Italian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

Network Vulnerability — Travel Delays

- National traffic analysis

» Wider impacts

» Origin-Destination (O-D) data obtained
from ETIS project to represent traffic
demand
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Italian Case Study

Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

——Hazard Scenario i |:
=—Hazard Scenario ii
~—Hazard Scenario iii |

—
1

- Monte Carlo sampling method

e
™

> Epistemic uncertainty

e
(2}

* Direct consequences

Exceedance Probability
o
N

e
N

> Total network repair cost

800 250 300 350 400 450
Total Repair Costs (Millions €)
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Italian Case Study

Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

, N iz |

i % 08 ..................................... I Hazard Scenario |||

« Monte Carlo sampling method - S R A\ :
> EpiStemiC uncertainty %0_4_...... JRTUS SO SUNUURURURUURUPRUURUU IOV, 15. ' COUUUUROUE SNUROURORRPRUOTO

502 ............................................... ‘ ........................

- Direct consequences i ; | \
1 15 2 25 3

% Travel Time Increase

> Total network repair cost :
Regional scale

» Indirect consequences

> Average increase in travel time
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Italian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk
Yoo s s e s ;
: L8y |——Hazard Scenarioi |:
> "y —Hazard Scenario i |:
) % 08 ..................................... —Hazard Scenario |||
- Monte Carlo sampling method D N N
> EpiStemiC uncertainty %0_4_...... oo X R e
502 ............................................... ‘ ........................
- Direct consequences i ; | \
1 1.5 2 25 3
> Total network repair cost  Trevel Time erease
Regional scale
- Indirect consequences i |
> Increase in average travel time §o_6

% Travel Time Increase

National scale
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Italian Case Study

Set up Risk Determine Define Estimate
Assessment Approach System Risk

Evaluate
Risk

« Adequacy of risk assessment

- Determine outcome of stress test
> Risk acceptability

» Interventions (i.e. repair works)
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Croatian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

 Low probability, high consequence flood scenarios

- Cascading landslide hazard effects

* Direct and indirect consequences
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Croatian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

 Low probability, high consequence flood scenarios

- Cascading landslide hazard effects
* Direct and indirect consequences

* Qualitative — ORT application

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards IJ RO W
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Croatian Case Study

« ORT Application

> Identification of rail sections most at risk

> Based on principles of similarity judgement, the Delphi method
and an Analytical Hierarchy Process

Veopagine  Klsmen  Projecten

InfraRisk (Dublin) - WP 8.2 Croatian Case Study Rail; Hazard: scour

crieris
Criteria

Naam Percentage

Hazards n.8e%

+  exposure 10 the identified hazard 26.84%

+  nopresence of defences against ientified hazard .

+  exposure o anther identifed hazard lype as well 3568

- Vulnerability 28.59%

+  affect critical aihway process infrastructure manager Rl

+  affect critical raitway process Train Operation Company L]

+ o radundancy i the network 0%

- Consequences. s3.73%

+  associated functonal capacry loss 1875%

+  potential disruption for the rail network 52.98%

28.27%

+ o cantingency planeing avaiable

 voeg subcrterium toe

substitutive
substitutive

substitutive

substitutive
additive

additive

additive
additive

additive

Beinvlosdbaar

Bewerken #
Scores invullen voor Croatian Rl Network TEN-T Corr »
crteri exporteren +
Subcrieria
3 = x
v - x
v - x
v “x
3 -
v - x Hazards 17.68%
t -x exposure 1o the identified hazard 2684%
] mx no presence of defences against entfied 37.28%
hazard
1 “x exposure to another identified hazardtypeas  35.88%
o =% el
. — Vulnerability 20.59%
. — affect critical aitway process infrastructure 39.88%
manager
affect critical railway process Train Operation ~ 29.74%
Company
no redundancy in the network 3038%
Consequences 52.73%
associsted functional capacity loss 18.75%
potential disruption for the rail netwark 52.98%
827%

Voorpagina  Klanten  Projecten

o contingency planning available

M202: Zagreb GK - Trelinjevka

M202: Tresnjevka - Delta

M202: Delta - Hrvatski Leskovae

M202: Hrvatski Leskovac - Horvati

M202; Horvati - Zdengina

InfraRisk (Dublin) - WP 8.2 Croatian Case Study Rail; Hazard: scour scoren

M202: Zdentina - Jastrebarsko

M202: Jastrebarsko - Draganié

M202: Draganiéi - Karlovac

M202: Karlovac - Mrzla Polje

Bewerken =

scoreblad exporteren &

H
i it 1
byl
il 5 LA
: § 3 3 z
§ 2 1t
i 2 1 & 8
g § 4 § 4
g g el 5 S
P
P
s o
P R )
wo o om0
o wm w1 o
0w o 10 o
0w w o os oo
oo w w1 o
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Croatian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

 Low probability, high consequence flood scenarios

- Cascading landslide hazard effects
* Direct and indirect consequences
- Qualitative — ORT application

* Quantitative risk assessment
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Croatian Case Study

Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

e Rl v of Inbey st

Spatial Boundaries s - | : <:-
- 800 km of rail ‘
- Area of 35,000 km?2

- Vital link from port of Rijeka
to city of Zagreb

 International connections to
Slovenia and Hungry
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Croatian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

Flood Hazard Model

* Bridge scour
 Track inundation

* Track blockages due to rainfall-triggered landslides
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Croatian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

Flood Hazard Model — Bridge Scour

- Kupa Karlovac bridge
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Croatian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk
Flood Hazard Model — Bridge Scour
- Kupa Karlovac bridge
- Historical daily max. values of water flow (m3/s)
S|
. \ |
200 Years \
500 Years %
1 000 Ye a I;gg 200 400 600 890 } 1000 1?‘;0

1400 1600

1800
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Croatian Case Study
HDetermineH H
Approach

Flood Hazard Model — Track Inundation

- Linear relatlonshlp between Discharge and Water Level

Return period = 200 years Return period = 500 years

Evaluate
Risk

Estimate
Risk

Define
System

Set up Risk
Assessment

Return period = 1000 years
2000 -

1200 . T . . 2000 2000 -
—P50 —P50 —P50
o) o Average AM o Average AM o Average AM
Measurgd Data 1800 - P25 1800 - Al pes 1800 - /N p2s
1000 + Linear Fit . A ——P975 [ |—Pers | |=—Po75
\ [ / 1
1600 - [ 1600 - / \\ 1600 - [
\ | ‘ / \
i \ | \ J‘ \
800 1400 | | \ 1400 - | \ 1400 - / |
—~~ [ \ | \
2 “ | | \ “‘ “‘
m @ 1200 A @ 1200 LA 21200 LA
£ 600 1 2 [\ 2 [ i [
s € it € < TR
| Vo |/ \ / \
= $1000 [t 51000 [t 81000 | / \
£ 400 13 s 5 i 2 FIO
[5) 2 || |\ 2 ] | 2 [ ] \
@ o 800 [ S o 800~ [ | 8 800 Fffet i
) [ \ I \ [ |
[ \ [ |\ / |
| |\ | \ | \
200 1 600 (SRR 600 | s \ 600 / / =% \\
/ / \ // | | ‘\\ //’ \ A
/ A [ ] |\ - |
400 | o1\ 400 | | o1\ a0~ | | |
0 /] o\ /] A\ /] \ \
e SR J o0
200 - 200 - foo° ‘\\ 200 - / \ 0
-200 1 I 1 1 1 1 LX \\ ’”CJC B %o T
0 | | | 0 | | | | ol | |
0 100 200 300 400 500 600 700 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
Days Days Days

Water Level (cm)
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Croatian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

Flood Hazard Model — Track Inundation

 Linear hydrodynamic modelling approach (propagatlon of

flood wave downstream) M
[ Water levels att=0h
43T F Water levels att=24h |
f \ Water levels att=48h
4F f |I Water levels at t=120h | -
|
|
[
— 35 | || !
= ' |
= | |
|
o 3F |I | ,'I
= , |/
£ | { .
E 2.5 |I il // AN
[y} | \ / N
= ) | '| f
| \ \
.ff \
15 | / 5\
/ \ / kY
/ Y N
1 /'.- / -
0.5 !
4 2 0 2 4 G g 10
Downstream distance (m) «10%
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Croatian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

Rainfall Hazard Model — Rainfall Triggered Landslides

- Daily rainfall data

1000y!
500yr

- Probabilistic extrapolation 1200yr

« 200, 500 & 1000 yr durations

Intensity = 10mm/hr
Intensity = 15mm/hr| -
Intensity = 20mm/hr

0 2 4 6 8 10
Duration (hrs)
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Italian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

Network Vulnerability — Karlovac Bridge

* Historical daily max. values of water flow (m3/s)

- Kupa Karlovac bridge - =
- Scour calculation \ =
» General scour ) \ /
> Contraction scour \'\\\_:.ﬁ:;//ﬂ/
> Local scour )
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Italian Case Study

Set up Risk Determine Define Estlmate Evaluate
Assessment Approach System Risk Risk

0.8

Network Vulnerability — Karlovac Bridge

P(DS)

047

 Development of fragility functions

—— Damage State 1| |
—— Damage State 2
—Dmag e State 3

0.2

» Three damage states defined 0

0 1000 1500 2000
Flow (m3/s)

1. Limit train speed during repair works

1

2. Total traffic interruption during repair works

0.8

3. Total collapse

0.6

P(DS)

» Defined for bridges piers and abutments 04

0.2 —— Damage State 1| |
—— Damage State 2
—— Damage State 3

0

1000 1500 2000
Flow (m3/s)
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Italian Case Study

Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

Network Vulnerability — Karlovac Bridge

 Development of fragility functions

» Three damage states defined

1. Limit train speed during repair works

P(DS)

2. Total traffic interruption during repair works 02|

3. Total collapse
» Defined for bridges piers and abutments

» Consideration of scour protection measures

—— Damage State 1
—— Damage State 2
—— Damage State 3

/

500 1000 1500 2000
Flow (m3/s)
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Italian Case Study

Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

-

Network Vulnerability — Track Inundation g | Dmese o2
* Visual inspection of flood hazard maps 2"
§0.4f
- Susceptible rail segments identified g
- Three damage states defined o <)
-06 -05 -04 -03 -02 -01 0
> Sllght Level of water below top of rail (m)
1 T .
> Moderate ol EZEEZEZE&ZIZ%
> Extensive/Complete % 05
IS
- Fragility functions developed for: 5
> Rails on grade or in cut so2
0

3 -2 -1 0
Level of water below top of rail (m)

'
E>

» Rails on embankments
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Italian Case Study

Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

Network Vulnerability — Landslides :: i

* Visual inspection of Google Maps EOA,

- Susceptible slopes identified 02

- Three damage states defined % 0 2w w0 o
> Low 1 _ Rainfall duration (h)
> Medium 08 | —han
> High x|

- Fragility functions developed for: :

» Different rainfall intensities

0 —_— | | I
0 10 20 30 40 50
Rainfall duration (
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Croatian Case Study

Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

. Lo OF ey et
el L s A\

Shady Aes _ - 'Nr'

100 km
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Croatian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

- Monte Carlo sampling method

. ] . o Scour + Inundation
> Aleatoric and epistemic uncertainties,

. —— 1/1000 yr
* Direct consequences —— 1500 yr
0.8 r 1/200 yr | -
> Total network repair cost =
§ 0.6
i
S 04+
n
0.2r
O 1 1 1 |
0 0.5 1 1.5 2 2.5
Cost (€) x10°
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Croatian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

- Monte Carlo sampling method

. . ] o Rainfall Induced Landslides
> Aleatoric and epistemic uncertainties.

. —— 1/1000 yr
* Direct consequences 11500 yr
0.8 - 1/200 yr | |
> Total network repair cost Z
§ 0.6 -
&
8
g
n
0.2r
0 L L ! L L = -
0 1 2 3 4 5 6 7 8
Cost (€) x10°
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Croatian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

- Monte Carlo sampling method

. ] . o Scour + Inundation
> Aleatoric and epistemic uncertainties,

] | ——— 1/1000 yr
* Direct consequences = 11500 yr
0.8 1/200 yr |
> Total network repair cost =
- § 0.6
- Indirect consequences a
>Time to repair network §0-4-
i
0.2r
0 1 1 1 1 S_— L
0 100 200 300 400 500 600

Repair Time (days)
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Croatian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

- Monte Carlo sampling method

. . ] o Rainfall Induced Landslides
> Aleatoric and epistemic uncertainties,

- = 1/1000 yr
- Direct consequences — soowr
0.8 1200 yr | |
> Total network repair cost z
- Indirect consequences -
»Time to repair network 804t
&
0.2r
; | |
0 50 100 150 200

Repair Time (Days)
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Croatian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

- Monte Carlo sampling method

. ] . o Scour + Inundation
> Aleatoric and epistemic uncertainties_

- = 1/1000 yr
* Direct consequences :\ ——— 11500 yr

1/200 yr | -

o
el
T

> Total network repair cost

o
o
T

» Indirect consequences

>Time to repair network

o
~
T

Exceedance Probability

>Level of affected freight

o
[N

0 | 1 S— — ]

0 5 10 15
Affected Freight (t) «10°
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Croatian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

- Monte Carlo sampling method

. ] . o Scour + Inundation
> Aleatoric and epistemic uncertainties,

——— 1/1000 yr
——— 1/500 yr
1/200 yr | 4

* Direct consequences

o
[0¢]
T

> Total network repair cost

o
o
T

» Indirect consequences

e
i
T

>Time to repair network

Exceedance Probability

>Level of affected freight

0.2

>Number of impacted passenger trains
0

1 S —
0 0.5 1 1.5 2 25
Number of Affected Passenger Trains w104
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Croatian Case Study
Set up Risk Determine Define Estimate Evaluate
Assessment Approach System Risk Risk

- Monte Carlo sampling method

Rainfall Induced Landslides
> Aleatoric and epistemic uncertainties,

——— 1/1000 yr

* Direct consequences —— 11500 yr

1/200 yr | |

o
o
;

> Total network repair cost

o
o

» Indirect consequences

>Time to repair network

©
N
T

Exceedance Probability

>Level of affected freight

0.2

>Number of impacted passenger trains
0

0 50 100 150 200
Number of Affected Passenger Trains
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Further Information

Deliverable 8.2 Case Study Results
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IDST Design, Architecture
IDST Software Design

Portal build using Django Framework
« Dynamic content using JavaScript (JQuery, Bootstrap)
e PostgreSQL (PostGIS modules)
« Mapping using OpenSteetMap data

IDST services
« Current releases:
http://infrarisk.it-innovation.soton.ac.uk
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http://infrarisk.it-innovation.soton.ac.uk/

= infrarisk:idst | home - Mozilla Firefox

infrarisk:idst | home

€ | (0# | https:/finfra ation.soton.ac.uk e | |Q search ¥+ & W B 4 & &m 6

Help ~ #] Login

INFRARISK Decision Support Tool

» The IDST is an online tool to assess the risks to infrastructure networks due to extreme natural hazard events.
+ Relevant to infrastructure owners, managers, risk managers, civil engineers, transport engineers, and others.
e Two examples provided.
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IDST Authentication System

Authentication in IDST is based on
- Local user account authentication (exclusive for admin users)

- Third party authentication services (for normal users), e.g.

e Mozilla
Google
Yahoo
LinkedIn

er browser idst identity
server authorit
fetch
.asse.rt user
identity — certificate -
O O
A

m T verit [T =

innovation
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IDST Login Page

> infrarisk:idst | home - Mozilla Firefox

File Edit View History Bookmarks Tools Help
L infrarisk:idst | home ® \-I-
| € ) @ copa:35000 ve| ¢~ [2 search |+ & wE O 4 ® =

INFRARISK Login

g Please, choose one of the following
I N F R R Is K authentication systems to enter the
INFRARISK IDST site. Once clicked you
will be redirected to the respective site for
the login. After having logged in you will be

asked to allow the INFRARISK application to access your profile. This is required for the
authentication process and you can always disallow the application in the future.

IMEDADICK will mmrmnints e meafila with Hhn maminl cnnnint med Tharafara # s

different user.

Mozilla Persona
& Google

Y Yahoo

f Facebook

in Linkedin
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Authorisation and User Roles in IDSP

Authorisation in IDST is based on Roles
Role assigns what rights a user has

A user can have multiple roles
Administrator A complete control and access

Moderator -cu ration of content
Author- creation of content

Anonymou-viewer of public content
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User profile, status in IDST

-'f(-_'mr 10.0.3.156:8000/profile/ ~ | & |[a search |+ & ¥ O 4 ® @m 6 =

#AHome A Profile G+ Logout

User Account Page

Account information Tool usage

Status

User email

User ID [1]

Roles

Date joined

Last login W ot

M Bridges

Activity statistics [l Tunneis

. RoadSections

Number of IDST reports

User defined datasets

Bridge Data
Tunnel Data

Road Section Data

Hazard Scenario Data
Your most frequently used tool is the IDST.
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The Case Study Information Model in IDST

idstpwe_infrastructurecondition

idstpwe_infrastructureobject 4,—> & code R ARYINGtS2)
£ id INTEGER [—]
idstpwe_infrastructureevent .| idstpwe_infrastructure
£ id INTEGER & code CHARACTER VARYING(32)
idstpwe_social
>
# code CHARACTER VARYING|32) idstpwe_networkstate
>
# code CHARACTER VARYING(32)
idstpwe_networkevent
& INTEGER idstpwe_network
£ code CHARACTER VARYING(32)
B , idstpwe_transition  —> i :
idstpwe_scenario pwe._| idstpwe_idststate
# code CHARACTER VARTING|32) >
— 3| # shortname CHARACTER VARYING(32)
idstpwe_systemelements
INTEGER

INTEGER

£ id

£ id
idstpwe_casestudy
& INTEGER idstpwe_systemboundaries
£ INTEGER

auth_user
& id INTEGER

Y

idstpwe_sourcetype
>
# code CHARACTERVARYING|32)

idstpwe_sourceevent

>
& id INTEGER

idstpwe_sourceintensity
£ INTEGER

] u o - idstpwe_hazardevent - x =

idstpwe_hazardintensit idstpwe_hazardtype

RRES Y] > £ id INTEGER > pwe_ yp

£ id INTEGER # code CHARACTER VARYING(32)

idstpwe_idstprobability idstpwe_idstrisk idstpwe_temporal
#* shortname CHARACTER VARYING(32) # shortname CHARACTER VARYING(32) £ id INTEGER

idstpwe_idstconsequence

£ shortname CHARACTER VARYING|32)

idstpwe_spatial
£ id INTEGER
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IDST modelled data
« (OSM data sources

 Bridge
e Road
e  Tunnel

 Hazard data (supported by Ground Motion Models)
 PGA

o Structural data
 Bridges
e Tunnels

. Road sections
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OSM data models, DB schemas in IDST

osm_natural

osm_tentroad

£ id INTEGER
osm_id CHARACTER WARYIMNG(11)
name CHARACTER VARYING( 48]
ref CHARACTER WARYIMGI1E)
type CHARACTER VARYING(16)
oneway INTEGER
bridge INTEGER
tunnel INTEGER.
maxspeed INTEGER
geom USER-DEFIMED

£ id INTEGER
osm_id CHARACTER WARYING(11)
name CHARACTER WARYING(48)
type  CHARACTER VARYINGI1E)
geom USER-DEFINED

osm_landuse

£ id INTEGER

osm_id CHARACTER WVARYING(11)
name CHARACTER WVARYING(48)
type CHARACTER WVARYING(1E)
geom  USER-DEFIMED

osm_bridge osm_road osm_tunnel
£ id INTEGER £ id INTEGER £ INTEGER
osm_id CHARACTER WARYING(11) osm_id CHARACTER WARYING(11) osm_id CHARACTER WARYING(11)
name CHARACTER WARYIMNG( 48] name CHARACTER WARYING(48) name CHARACTER WARYING(48)
ref CHARACTER VARYING(1E) ref CHARACTER WARYING(1E) ref CHARACTER WARYING(1E)
type CHARACTER WARYINGI1E] type CHARACTER WARYING(18] type CHARACTER WARYING(1E]
oneway INTEGER oneway INTEGER oneway IMTEGER
bridge INTEGER bridge INTEGER bridge IMTEGER
tunnel INTEGER tunnel INTESER tunnel INTEGER
maxspead INTEGER maxspeed [NTEGER maxspeed INTEGER
length INTEGER geom USER-DEFINED geom USER-DEFIMED
geom USER-DEFIMED

osm_railway

£ id INTEGER
osm_id CHARACTER WARYING(11)
name CHARACTER VARYING(48)
type  CHARACTER VARYINGI1S)
geom  USER-DEFINED

osm_building

£ id INTEGER

osm_id CHARACTER WARYIMNG(11)
name CHARACTER WVARYIMNG(48)
type CHARACTER WARYINGI1E)
geom LSER-DEFIMNED
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The IDST Bridge structural model

structural_typeofdeck2
# shortname CHARACTER VARYINGI32) structural_spans structural_numberofspans
(T3 CHARACTER VARYINGIE4) & shortname CHARACTER VARYING(32) & shortneme CHARACTER VARYING(32)
o LAy name CHARACTER VARYING(E4) name CHARACTER VARYINGIE4)
dascr LT} taxo SMALLINT taxo SMALLINT
A deseription TEXT deseription TEXT
| A structural_bridgemedian
[ structural_connectiontoabutment structural_typeofdeckl & id INTEGER
- dian_s_dl  DOUBLE PRECISION
— - 4 shortname CHARACTER VARYING(32) £ shoriname  CHARACTER VARYING(3Z) median_s.
structural_levelofseismicdesign | CHARACTER VARYING(E4) name R T median_b_dl  DOUBLE PRECISION
& shortnome  CHARACTER VARYNG(2) | | Sy taxe SMALLINT m‘:j‘"—;—:; ';gzsi :EEE:::
name CHARACTER VARYINGIG4] TiEXTy description TEXT e
. SMALLNT L. MY 4 | median_s_d3  DOUBLE FRECISION
=xa \ 1 —
4 - . L { _ median_b_d3  DOUBLE FRECISION
jmzcr|
- ., structural_bridgestructure median_a_d4  DOUBLE FRECISION
RN &id INTEGER structural_materialmm2 median_b_d4  DOUBLE FRECISION
structural spanlength . ™ USER-DEFINED / # shortneme  CHARACTER VARYING(32) efereclne B EETESGEEERD
_ _sp a . CHARACTER VARYINGIES) e AR T e u_bound_b_dl DOUBLE PRECISION
4 shortname  CHARACTER VARYINGI32) - Ter o ST u_bound_a_d2 DOUBLE PRECISION
name CHARACTER VARYINGIGH 0 u_boun 2 DOUBLE PRECISION
le4] CHARACTER VARYINGI32) description TERT bound b_d
texe SMALLINT CHARACTER VARYINGI3Z) u_bound_a_d3 DOUBLE PRECISION
description TEXT CHARACTER VARYINGIZZ) | uboundb d3 DOUBLE PRECISION
CHARACTER VARYINGI(32) u_bound »_d4 DOUBLE PRECISION
N - i u_bound_b_da DOUBLE PRECISION
structural_typeofcolumnsection? - - AT R S . !
= median_id INTEGER structural_bridgelength S 3aun EISTCTE DCURLE[RRECISION
& shertname CHARACTER VARYING(32] 2 id TR |_bound_b_dl  DOUBLE FRECISION
e e el #* shartname  CHARACTER VARYING(3Z)
nams mml_id  CHARACTER VARYING(32) — s &0 |_bound = d2  DOUBLE FRECISION
i) SMALLNT neme CHARACTER VARYINS(E4 I_bound b d2 DOUBLE FRECISION
CHARACTER VARYINGIZZ) P e — _bound b
de=cription TeT CHARACTER VARYINGI(Z2) deseription TET |_bound a d3  DOUBLE PRECISION
CHaRnCTERTARTNEERL | I_bound b d3 DOUBLE PRECISION

I_bound o d4  DOUBLE PRECISION
|_bound b d4  DOUBLE PRECISION

CHARACTER VARYING(32)
CHARACTER VARYING(32)
CHARACTER VARYING(32)

structural_bridgewidth

#* shortname  CHARACTER VARYING(3Z)

name CHARACTER VARYING(E4) ] CHARACTER VARYING(ZZ) stractural_pierheight
SMALLINT spl_id CHARACTER VARYING(32) 5 =
jan TEXT teotid CHARACTER VARYINGIZZ) structural_typeofcolumnsectionl 4 shertname CHARACTER VARYINGIZZ)
teszid  CHARACTER VARYING(32) # shortnam CHARACTER VARYINGI2Z! B=re CHARACTER VARYINGiS4)
tdl_id CHARACTER VARYING(32) name CHARACTER VARYINGIE4) taxe SMALLINT
% taxa SmaLLnT description TEXT

structural_typeofpier

tda_id CHARACTER VARYING(32)

description TEXT

¥ 1

4% shortname CHARACTER VARYINGI32)
CHARACTER VARYING(G4]

SMALLINT structural_bridgeconfiguration| | \ —
e BTEXT] &% shortname  CHARACTER VARYING(22) \ -
name CHARACTER VARYINGIE4) | structural_numberofcolumnsforpier
taxe SMALLINT | ! £ shertname CHARACTER VARYING(22)
description  TEXT | nams CHARACTER VARYING(E4)
structural_deckstructuralsystem \ \ taxo SMALLINT
J descripti BT
& shortna CHARACTER VARYING22) X AR
name CHARACTER VARYING(G4] h |
toxa SMALLINT structural_materialmml structural_piertodeckconnection
deseription  TEXT 4 chortname  CHARACTER VARYINGEZZ) & zhartname CHARACTER VARYINGIZZ)
name CHARACTER VARYINGIE4) name CHARACTER VARYINGIE4)
tmxe SMALLINT taxo SMALLINT
description T deser e
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The IDST Tunnel structural model

structural_tunnelstructure .
- = structural_tgeologicalcond
& id INTEGER
n hort CHARACTER VARYING|32
structural_tunnelmedian length NUMERICI10,3) ¢ shortname (32)
- ' name CHARACTER VARYING(G4)
£ id INTEGER pnt USER-DEFINED " description TEXT
median_a_dl DOUELE PRECISIORN name CHARACTER VARYING( B4~ 4
median_b_dl DOUBLE PRECISION note TEXT A~
median_a_d2 DOUBLE PRECISION cm_id CHARACTER VARYING(32)| . ,/,51;ructural_tsuppnrtingsys
median_b_d2 DOUBLE PRECISION d_id CHARACTER VARYING(32) e
H-d / shortname CHARACTER VARYINGI32
median_a_d3 DOUBLE PRECISION geo_id CHARACTER VARYING(32]| i name CHAMCTERVARYING:H:
median_b_d3 DOUBLE PRECISION sh_id CHARACTER VARYING(32)| description TEXT
median_a_d4 DOUBLE PRECISION ss_id CHARACTER VARYING(32) =
median_b_d4 DOUELE PRECISION typology_id INTEGER Y
u_bound a d1 DOUEBLE PRECISION I.' [ Structural_tshape
u_bound_b_d1 DOUBLE PRECISION ? | £ shortname CHARACTER VARYING(32)
u_bound_a_d2 DOUELE PRECISION
H o i name CHARACTER VARYING(E4)
u_bound b dZ DOUELE PRECISION Structural_ttwnlngy P \\\ description TEXT
u_bound_a_d2 DOUBLE PRECISION — | # —
u_bound_b_d3 DOUELE PRECISION . - Y
cm_id CHARACTER VARYING(32)
u_bound a d4 DOUBLE PRECISION At RS R TIEEE structural_tconstructionmethod
u_bound_b_d4 DOUELE PRECISION - T ————— 3
geo_id CHARACTER VARYING(32) £ shortname  CHARACTER VARYING(32)
| bound_a_d1 DOUELE PRECISION _
shid CHARACTER VARYING(32) name CHARACTER VARYING(64)
Ibound_b_d1 DOUELE PRECISION .
ss_id  CHARACTER VARYING(32)|w description  TEXT
Ibound_a_d2 DOUELE PRECISION —
I bound_b_d2 DOUBLE PRECISION ||
|
| bound_a_d3 DOUELE PRECISION | structural_tunnelmean
I bound_b_d3 DOUBLE PRECISION
hid . id INTEGER
I bound_a_d4 DOUELE PRECISION
structural_tdepth a_d1 DOUBLE PRECISION
I bound_b_d4 DOUBLE PRECISION : = -
typology_id  INTEGER 4" shortname CHARACTER VARYING|32) b_d1 DOUBLE PRECISION
name CHARACTER VARYINGI64) a_d2 2O UHEEIRAEEISION
description TEXT b_dz DOUBLE PRECISION
a_d3 DOUBLE PRECISION
b_d3 DOUBLE PRECISION
a_d4 DOUBLE PRECISION
b_da DOUBLE PRECISION
typology_id INTEGER

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards




INFR"kRISK

The IDST Case Study

IDST Terminology:
 An IDST Process Workflow Engine run is a Case Study or scenario
 An IDST case study stores all necessary information to run a workflow.
* Users can create and manage multiple Case Studies, i.e.

 Create

* Run

o Edit

* Delete
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IDST case study dashboard

e infrarisk:idst | ISR home page - Mozilla Firefox

infrarisk:idsk | ISR hom.

€ DR soton.ac.uk [ + & wa A © @ 0

Help ~ IDST ~ Tools ~ G Logout

IDST Dashboard

The INFRARISK decison support tool (IDST) is an online tool which allows the user to preform stress tests for
transport infrastructure networks at risk from natural hazards. The tool demonstrates the application of a stress testing
methodology, developed as part of the INFRARISK project, which can consider multiple cascading hazards fo allow the
potential impacts to be assessed at a network level.

Start Stress Test

Create a new stress test New Stress Test

Previous Stress Tests

Access user's previous stress tests wved stress tests

https://infrarisk.itinnovation.soton.ac.uk/login/google-cauth2/

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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IDST on-line help page

N infrarisk:idst | ISR home page - Mozilla Firefox (Private Browsing) - + X
-

©8 | infrariskidst | ISR home page % \i h

G ) B | https:#infrarisk-dev.it-innovation soton.ac.uk/idstpwe/intro/ *E1| ¢ ‘ |Q Search ‘ 4+ & ™ B 4 © @& 6 =

What is the IDST Workflow, steps and stages:

The IDST workflow consits of 6 main stages:

# Problem identification

= System definition
o spacial boundaries
o temporal boundaries
o hazard scenario

= Risk identification

= Risk analysis

+ Risk evaluation

» Risk treatment

The following table shows briefly the necessary steps required in order to complete the IDST workflow.

Close
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Process Workflow Engine Implementation

 Governed by Overarching Risk Management Framework
(ORMF) Implemented as a Case Study in IDST

Define a new Case Study, i.e. name, description

 Define system boundaries

 Define the hazard scenario, i.e. hazard source, assign hazard events

« Configure hazard event assigned models

 Define the network scenario, i.e. network type, assign network elements
and their fragility curves models

 Define network characteristics, (datasets)

 Derive damage states for each element using their fragility curves and
hazard intensity (e.g.PGA values)

 Provide results for further processing outside the IDST
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Case Study Northern Italy Scenario

« Target area: Region of Bologna, Northern Italy
 Network: Road network, (European TEN-T network)

« Hazards source: Earthquake
. Hazard event: Ground motion (primary)
. Hazard event: Earthquake-triggered landslides (secondary)

« Network element types:
. Bridges
. Tunnels
. Road sections

« Determine element characteristics, i.e. network elements in IDST
database datasets for bridges, tunnels, road section, or upload user
defined.

o Stress tests: determine risk associated with an earthquake hazard event
on the road network

« Calculate direct costs

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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Create a new Case Study, Problem Identification

e infrarisk:idst | IDST Problem Identification - Mozilla Firefox

infrarisk:idst | IDST Pro... %

€ & soton.ac.uk E1 ¢ +¥ A T B 4 & @& 0

Help ~ IDST ~ Tools ~ G+ Logout

INFRARISK Methodology
Define Stress Test

This page allows general information on the stress test to be included. This information is not directly used to inform
the analysis but is included within an automatically generated summary report upon completion of the stress test.

Define Stress Test
Define System Representation

Define Spatial

Enter stress test details: N Boundaries

Define Hazard Scenario
Name:

Define Network

Characteristics
Summary (Optional): Estimate Risk

Evaluate Risk

Determine Outcome of Stress
Test

Note that hazard-specific input parameters, e.g. return period, are considered at the "Define Hazard Scenario”
stage.

Press the following button to save your stress test, and start the IDST
workflow.

Save and proceed

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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IDST: Define spatial boundaries

® infrarisk:idst | IDST Define System Representation - Mozilla Firefox

infrarisk:idst | IDST Def... x

€ D& soton.ac.uk, El1|e + & w B 4 © @ O

Help ~ IDST ~ Tools ~ G+ Logout

#IDST Home Define Hazard Scenario B

Define Spatial Boundaries

This step involves the definition of geographical boundaries which describe the extent of the transport network to be
considered for the stress tests.

INFRARISK Methodology

% Problem Identification

Multiple boundaries can be defined at this stage. The appropriate boundary to be used in the analysis can then be Define Stress Test
chosen at a later stage.
Define System Representation

Spatial boundaries: Define Spatial

Boundaries

Boundary Name Action i
Define Hazard Scenario

Northern Htaly 1l Delete Spatial Boundary Define Network
Characteristics

I Add Spatial Boundary Estimate Risk

Evaluate Risk

Determine Outcome of Stress
Test

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards

innovation



® infrarisk:idst | IDST - Mozilla Firefox

infrarisk:idst | IDST

€ & soton.ac.uk c 4+ & wBa 4 & @m O

Help ~ IDST ~ Tools ~ G+ Logout

System Definition: spatial boundaries

Spatial boundaries are defined by a polygon border, and can be defined using one of the options below: Problem Identification

INFRARISK Methodology

Define Stress Test

User defined boundaries: Pre-defined boundaries:
Define System Representation
Manually define spatial borders Northern Italy (road), case study borders
Upload spatial borders Croatian railway, case study borders Define Spatial
Boundaries
= Add spatial boundary = Cancel Define Hazard Scenario
Define Network
Characteristics

Estimate Risk

Evaluate Risk

Determine Outcome of Stress
Test

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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® infrarisk:idst | IDST - Mozilla Firefox

infrarisk:idst | IDST

€ Of

soton.ac.uk

Help ~

+ & B O 4 & & 6 =

IDST ~ Tools ~

G+ Logout

#IDST Home

System Definition: spatial Boundaries

Provide a name and draw a binding polygon, from the map below, to define a boundary.

Choose from the map left hand panel either the polygon or the rectangle symbol to draw a border. After defining the spatial

boundaries click the Store Boundaries button to proceed further.

Boundary Name:

Geometry Polygon:

Danmark Kasaks
+ United Lietuva RU-TA
Kingdom =
- Ireland oS penapyce RU-BRY
. Nederland 88 | polskaMA T
London Deutschland ; =
™ AT i
Caskd xas AU-VGG
Paris sw.t B Slovensko Ykpaina Bonrorpa
o wien T 3
France Hogyarorszag
- Romania "
AU-KDA -
Hruvatska Cpbuja, Bucuresti
. Buarapus v G’
Italia bagsmgamm,
Barcelona teanBul
Espafia Azarbaycan
500 km Portugal S

© Store Boundaries

ara
Turk Leaflet | © OpenStreetMap contributors

INFRARISK Methodology

Problem Identification
Define Stress Test

Define System Representation

Define Spatial

Boundaries

Define Hazard Scenario

Define Network
Characteristics

Estimate Risk
Evaluate Risk

Determine Outcome of Stress
Test

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards

innovation




INFR"kRISK

IDST: define hazard scenario

e« Source event: e.g. earthquake
« Hazard events:
« A ground motion hazard
 and the cascading effects, i.e. earthquake-triggered landslides
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* infrarisk:idst | IDST Define Hazard Scenario - Mozilla Firefox
infrarisk:idst | IDST Def... »

€ O

soton.ac.uk <

Define Hazard Scenario
This step includes choosing the natural hazard(s) to be considered for the stress test.
This is carried out in three steps:

» choose hazard source to be considered b
» choose the resulting hazard events(s) o be considered
» choose hazard model(s) to represent the hazard event(s)

Hazard Source

Choose the hazard source for this stress test.

Hazard source:

Store Hazard Source

The IDST does not currently support other hazard sources, please contact us for further information on how these
should be considered.

Earthquake

Hazard Events

Add hazard events to your hazard scenario.

Associated hazard event list:

Hazard Type Primary/Secondary Model Action

Ground Motion  primary INFRARISK GM MODEL

@ Delete

ange model

Landslide secondary /A Void

@ Delete

B Add Hazard Event

Help ~

+ & B 9 4 @ O

IDST ~ Tools ~

C* Logout

INFRARISK Methodology

Problem Identification
Define Siress Test
Define System Representation

Define Spatial
Boundaries

Define Hazard Scenario

Define Network
Characteristics

Estimate Risk
Evaluate Risk

Determine Outcome of Siress
Test

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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e infrarisk:idst | IDST Ground Motion PGA Grid - Mozilla Firefox
infrarisk:idst | IDST Gro... x

€ O’ soton.ac.uk c + A& TH O 4 © @ O

Help~ IDST~  Tools~  (*Logout

4(1DST Home

IDST INFRARISK Ground Motion Model Goniiguration

This ground motion hazard model is based on the INFRARISK GM model. Please select the PGA grid for the Ground
Motion event.

INFRARISK Methodology

Problem Identification
Define Stress Test

Define System Representation

Seismic activity model:

Low activity v Define Spatial
Boundaries
Ground-motion prediction model: Low attenuation
- Define Hazard Scenario
Hazard level (Mean return period): 2500 years v Define Network
Characteristics
Fractile of extreme ground-motion: 0.50 v

Estimate Risk

Store stress test hazard configuration. Evaluate Risk

Store hazard configuration Determine Qutcome of Stress

Test

europa.eu

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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IDST: define network scenario

#IDST Home Add Network Elements W

Define Network Characteristics

This involves defining the network type and extent along with the element types to consider as part of the stress test.
This requires a number of steps as shown below:

INFRARISK Methodology

Problem Identification

* Choose network type Define Stress Test
+ Choose types of network elements to be considered
o Choose hazard evenst deemed to impcat each element type Define System Representation
o Choose approach for assigning fragility functions to element types
» Assign spatial boundary to network Define Spatial
Boundaries

Network Infrastructure
Choose the network type.

Define Hazard Scenario

Define Network

Characteristics
Infrastructure: Road Network v Store Network Infrastructure

Estimate Risk
Evaluate Risk

Determine Outcome of Stress

Network Elements Test

Add the element types on the nework to be considered in the stress test.

Network element type Hazard event  Fragility Functions Action

Bridge Ground Motion  BRIDGE # Change approach 1ii Delete
Tunnel Ground Motion  TUNNEL # Change approach 1ii Delete

I Add Element Types

Spatial Boundaries

Choose boundary to assign to network

Spatial boundaries bound to this hazard scenario is: NORTHERN ITALY b

I Change Spatial Border

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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Assignhing Bridge, Tunnel Fragility Curves

» Median fragility curves with confidence bounds is ported to IDST

 Bridge and tunnel structural data modelled and ingested in IDST, 340
bridges, 30 tunnels

« Mean and standard-deviation for all damage states is calculated for 4
damage states

« Damage state sampling algorithm is also ported in IDST for a given
hazard intensity (IM)

2/a Damage tate

0 DSO No damage

DS1 Slight damage
2 DS2 Moderate damage
3 DS3 Extensive damage

INFRARISK - Novel Indic 4 DS4 CompIEte damage I ! i



INFR"kRISK

Assignhing Road Section Fragility Curves

Structural Road sections data are modelled
Landslide data are modelled

Fragility Curves calculation porting to IDST is implemented

2/a Damage State

0 DSO No damage

DS1 Slight damage
2 DS2 Moderate damage
3 DS3 Extensive damage
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IDST: add network type elements

T(— & soton.ac.uk e + & WA 4 & = O E|

Help~ IDST~ Tools~  (C*Logout

Add Network Element Types

Each element type must be associated with a hazard event.

INFRARISK Methodology

Problem Identification

k Define Siress Test
Choose element type and an associated hazard event. Define System Representation
Element: Bridge w Define Spatial
Boundaries

Liazardlevent; Ground Motion ~ R
me azard Scenario
Add Element Types Define Network
Characteristics

Estimate Risk

Evaluate Risk

Determine Qutcome of Stress
Test

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards

innovation



IDST: assign fragility functions

€ | ¥ | ©fa | https://infrarisk.itinnovation.soton.ac.uk/idstpwe/define_infra_scenario/4/ @ | |Q search ¥ A wa 4 & @&m 6 =

Fragility Functions:

Choose approach for assigning fragility
functions to element type Bridge.

Fragility functions -

BRIDGE Network

Cancel
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IDST: Define network element characteristics

r(-v

soton.ac.uk El|c

4 IDST Home Assign Fragility Functio

Define Network Element Characteristics

The user must define the individual characteristics for each type of element being considered within the stress test.
These characteristics must be defined for each hazard that is deemed to affect the different types of elements on the
netowrk (hazards will affect different types of elements in different ways). Once the characteristics have been defined
the user should proceed by clicking the "Upload Network Elements" button.

Note that as part of this process some calculations may be carried out and depending on the number of elements
chosen this might take some time to complete.

Define characteristics for Bridge:
Dataset Type Name Action

IDST CASE STUDY DATABASE IDST DB il Delete

B Add Element Details

Define characteristics for Tunnel:
Dataset Type Name Action

IDST CASE STUDY DATABASE IDST DB il Delete

B Add Element Details

+ A * B U 4 © @ O

IDST ~ Tools ~ C» Logout

INFRARISK Methodology

Problem Identification
Define Stress Test
Define System Representation

Define Spatial
Boundaries

Define Hazard Scenario

Define Network

Characteristics

Estimate Risk

Evaluate Risk

Determine Qutcome of Stress
Test

europa.eu
T
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IDST: Dataset network element characteristics

r(' [/ soton.ac.uk,

- $ A KB O 40 a0 =

Help~ IDST~ Tools~  (*Logout

44 IDST Home

PO INFRARISK Methodology
System Definition: Define Network Element Characteristics
The current version of the IDST supports the following formats for defining element characteristics:

Problem Identification

* Network element datasets already preloaded in IDST databases, e.g. Northern Italy case study. Define Siress Test
* User defined network element datasets in a shapefile format.
* User defined netowrk element datasets in a CSV format.

Define System Representation
Please choose any of the following methods to define characteristics for individual network elements.
Define Spatial
. Boundaries
User defined network element

characteristics: Define Hazard Scenario

Use elements found in IDST databases.

Define Network

User upload elements in shapefile format. NS Characteristics
User upload elements in CSV format.

Estimate Risk

= Add network elements Evaluate Risk

% Cancel Determine Qutcome of Stress

Test

europa.eu
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IDST: Overview of network element datasets

r(' [/ soton.ac.uk, c

44 IDST Home View Network Elements M

Network Element Overview

The summary below provides an overview of the number of elements on the network.

Network Element Datasets

Dataset elements for the Bridge event:
Dataset Type Name Num of elements Action

IDST Case Study Database IDST DB 328

Dataset elements for the Tunnel event:

Dataset Type Name Num of elements Action

IDST Case Study Database IDST DB 30

+ A * B U 4 © @ O

Help ~

IDST ~ Tools ~ C» Logout

INFRARISK Methodology

Problem Identification
Define Stress Test
Define System Representation

Define Spatial
Boundaries

Define Hazard Scenario

Define Network

Characteristics
Estimate Risk

Evaluate Risk

Determine Qutcome of Stress
Test

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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IDST: Network element overview

T(‘ @ | https://infr -innovation.soton.ac.uk/idstpwe/view/4/ ¢ | |Q searc ¥+ i E QO 4 0 @ O

Help~ IDST~ Tools~  (*Logout

44 IDST Home Select Centre Point

Network Element Overview: Northern Italy 2016-09-15
09:59:20.484043 Problem Identification

Next: select the centre point of the PGA grid for this case study. Define Stress Test

INFRARISK Methodology

Infrastructure elements included in this stress test:

« Number of bridges: 328
* Number of tunnels: 30

N.B. Hover over the layers icon, on the right h%d side of the
map below, to control the display of network element markers
on the map.

Define System Representation

Define Spatial
Click on any element for further details. Boundaries

Define Hazard Scenario

i Argel 5z
- Pago regionne
t :
Fr (A1) Blotople HSltadelEe Define Network
] Elciopie e
amiiencail di Characteristics
Medicina e
Estimate Risk
Evaluate Risk
Determine Qutcome of Stress
- Test
parcoTegional [A14]
arcovegionale et %
A ES
Roccamalatina
eldisantandrea
< Imola
Pavullo nel
Frignano
; . {T4070011 —
£ #~ SIC-ZPS — Vena
del Gesso
Romagnolale
ﬁf » e o) 3 b ,-
20km _'_l Balestiay 25 4 ke ke = g
e . A P 2 * Leafiet | Map data © OpenStresthdap contributors, CC-BY-SA, Imagery © Mapbox
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Bridge summary with assigned Fragility Curves

n infrarisk:idst | Bridge view - Mozilla Firefox (Private Browsing) - + X
B8 | infrariskidst | Bridge view x | b
| € ) B | https:/infrarisk-dev.it-innov * @ ‘ |3\ Search | 3 A B 9 O @& O =
ftHome L Profle  C+Logout
IDST Bridge Data 11.2382, 44.4939
ez, £
Lo- R
/ : = B8
= 0.9-
$ :
3 08- £ Ds4
) s o7- 3
aff 06- 2
4 Ds—jé
OMA S 04—
NS [ETTIR
02—
)5a NUGYA pazzANESE 01-
a 0.0~ i 7 T T ; T T T ’ BG
0.0 01 0.2 03 0.4 05 0.6 0.7 0.8 03 10
& Risore
MeEnrg a Bridge fragility curves for DS1-DS4.
Name: Not defined Type of Column section 1: Rectangular
Note: No note Type of Column section 2: Solid
Where: 11.2382, 44.4939 Spans: Multi-span
Material MM1: Concrete Span length: <25m
Material MM2: Prestressed concrete Connection to abutment: Isolated (through bearings)
Maweid Mwls. resuesscu Lulvicie CUINIECLIVITIV aRULineTiL. ISUldied (LInvuyn veaniiygs)
Bridge width: <20m Bridge configuration: Regular
Bridge length: 50-100m Type of deck 1: Undefined
Deck structural system: Simply supported Type of deck 2: Undefined
Pier to deck connection: Isolated (through bearings) Number of columns for pier: Undefined
Type of pier: Multi-column pier Pier height: Undefined
Level of seismic design: No seismic design (gravity loads only) Number of spans: Undefined
Numhar nf lanac- 2
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Tunnel summary with assigned Fragility Curves

infrarisk:idst | Tunnel view - Mozilla Firefox (Private Browsing)

[} - + X
B8 | infrariskidst | Tunnel view x |
.(- ) Ba | https:/infrarisk-dev.it-innovation.soton.ac.uk/tunnels/tunnel/2/ ¢ ‘ |51\ Search | 4+ B ﬁ =] O @ O =
ftHome R Profle  C»Logout
\ L0- 4
2
’ N ‘ 09— % PE—
3 o8- g Ds2
Alvar 0.7 %
3 06- 2 DS3
i 0a- £
(a1) o
0.2-
I 01—
/l
! 0.0 T T T T T T T T T PGbse
= 0.0 01 02 0.3 0.4 05 0.6 07 0.8 09 10
FME C)
v ?_mv Tunnel fragility curves for DS1-DS4.
1 T MAmmtnfrmndnmén
Name: Not defined
Note: No note
Note: No note
Where: 11.2083, 44.1988
Construction Method: Cut & cover
Shape: Horseshoe
Depth: Deep
Geological conditions: Alluvial
Supporting system: Concrete
Quality: Undefined
Number of lanes: 0
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Help ~

IDST ~ Tools ~

44 IDST Home

Network Element Overview:
09:59:20.484043

Infrastructure elements included in this stress test:

« Number of bridges: 328
* Number of tunnels: 30

parcoreglonale
Sassidi
Roccamalatina
edisantAndrea
Pavullo nel
Frignano

Select Centre Point

Northern Italy 2016-09-15

Next: select the centre point of the PGA grid for this case study.

N.B. Hover over the layers icon, on the right h%d side of the
map below, to control the display of network element markers
on the map.

Click on any element for further details.

Argel 5z
Parco reglonne
Delta del P
Biotople
Ripristini
ambientali di
Medicina e
{54]
=
Imola

IT4070011 —
S51G-2P5 — Vena

Romagnolale

INFRARISK Methodology

Problem Identification
Define Siress Test
Define System Representation

Define Spatial
Boundaries

Define Hazard Scenario

Define Network

Characteristics

Estimate Risk

Evaluate Risk

Determine Qutcome of Stress
Test

C» Logout

ﬁf - i 6
20km _'_l Balestiay 25 4 ke X =
e . A P 2 * Leafiet | Map data © OpenStresthdap contributors, CC-BY-SA, Imagery © Mapbox
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IDST: Anchor PGA grid on centre point

o el I A HE D 40 w0 =

n.soton.ac.uk

Help ~ IDST ~ Tools ~ C» Logout

Stress Test View: Display PGA grid for case study

The colour filled contour map below shows the Problem Identification
ground motion grid (in terms of Peag Ground

INFRARISK Methodology

Critical infrastructure elements included in this stress test:

« Centre point: 11.303, 44.398 Acceleration PGA) anchored at the selected location. Define Stress Test
= Number of bridges: 328 Ferm more information on the seismic hazard
« Number of tunnels: 30 methodology click here. Define System Representation
Download hazard PGA grid in CSV format:| & Download PGA Grid Next stage: calculate damage states of the network .
Define Spatial
elements.
Boundaries
N.B. damage state calculation next takes a while to
[} complete. Define Hazard Scenario

mivusa

Define Network

+ | Arg 5 )
- Paite0 e TORETE Characteristics
— Delta del Po
R
ameienta)idi Estimate Risk
edicina &
Molingfla
Evaluate Risk
Determine Qutcome of Stress
Test
\
e
Parcoreglonale [a12]
Sassi di
Roccamalatina
& disantandrea
y o Imola
idsuien
00125 kg -
0.024-0035g -
§p3HMg g IT4070011 —.
046-0.058g SIEZPS — Vena
| 0.058-0.069g £b Al .
1V 8,0.065-0.08 g e .
| IR0+ g g 3

! 1

20 km
10 mi
= -
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IDST: Calculate Damage States

r(— & soton.ac.uk c + A& A O 4 @ @ 6 E‘

Help ~ IDST ~ Tools ~ C» Logout

4 IDST Home View Network Stats W

Network Element Damage States Calculation

the damage state for the individual elements have now been calculated. Proceed to view some statistics on the
damage of the network.

INFRARISK Methodology

Problem Identification

Define Stress Test
Network Element Datasets
% Define System Representation

Define Spatial
Boundaries

Dataset elements for the Bridge event:

Dataset Type Name Num of elements Action Define Hazard Scenario

IDST Case Study Database IDST DB 328
Define Network
Characteristics

Estimate Risk

Evaluate Risk
Dataset elements for the Tunnel event:

Determine Outcome of Stress
Dataset Type Name Num of elements Action Test

IDST Case Study Database IDST DB 30

@
INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards '

innovation



NFRL\RISK 7

Case Study Damage State stats

N infrarisk:idst | IDST case study stats - Mozilla Firefox - + X

| infrariskcidst | IDST case stu... % | [E] Pie and Donut Chartsin... % ) Quantitative Scales - mbo... % %

2+ A B O 4 O & 6

» ¢ |[Q d3archpie

A Home 2 Profile C» Logout
Case Study: ps stats
Case study stats: Tunnel damage state stats graph:
30 o
H
E
254§
204
Roads: 77967 154
. Bridges: 28
M Tunnels: 5 104
054
o T T T
DSO DS1 D52 Ds3 DS4
Damage State
Bridge damage state stats graph: Road sections damage state stats graph:
204 z 40,0005 z
159 %. 35,000 %.
1642 £
30,000
184
124 25,000
104 20,000
&1 15,000
6
10,000
4
24 5,000
T 0
DS0 DS1 DS2 D53 D54 DSO D51 DS2 DS3
Damage State Damage State
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Assigning provisional consequence parameters

Functional Capacity Loss Functional Capacity Loss during Restoration Time Restoration Cost
Restoration

(% Lane Closure) (% Lane Closure) (Days) (Euros)
Pavements (All)
No Damage 0 0 0 0
Slight/Minor 0 0.5 1 500
Moderate 0.5 0.5 1 1000
Extensive/Complete 1 1 1 3500
Bridges (All)
No Damage 0 0 0 0
Slight/Minor 0 0.5 120 100000
Moderate 0.5 0.5 120 750000
Extensive/Major/Severe 1 1 150 1000000
Complete/Collapse/Failure 1 1 150 1000000
Tunnels (All)
No Damage 0 0 0 0
Slight/Minor 0.75 0.75 120 150000
Moderate 1 1 120 1000000
INER Extensive/Major/Severe 1 1 120 3000000

Complete/Collapse/Failure 1 1 365 10000000



INFR"kRISK

Join us to run the IDST

https://infrarisk.it-innovation.soton.ac.uk/

Thank You

INFRARISK - Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards
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Novel Indicators for identifying critical INFRAstructure at RISK from Natural Hazards

Website

www.infrarisk-fp7.eu
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WHAT wHY §

An integrated knowledge base To gather and present valuable
about major infrastructure failures information on the outcomes of
with natural hazard events natural hazard events on critical

transport infrastructure

ol

v N7 N
WHO (for) __ HOW
Infrastructure managers & A Linked Data approach
Researchers

(risk management, transportation, civil
engineering, natural sciences, etc.)

«



From tabular data to insightful information

Main diagram ? | ? Consequence diagram
v infrastructure |Rail oad GEOGRAPHICALFElIn Soi [vss Nonetary Societal_loss _ Usability_probl
i i file: road_ID Infra:lane _description jslope_| height rock_nam slope_soil_name_|soil_name soil_ ] rock_nam run_out _soil_namé volume as_fi has_iusa conce conce
data source: i aft en sou opensour
Fatheld Collery Thgh | 1 line(dlso pointxY 1 4Solcutingit  1X sandstoneX X T 1x | 1N No | 1ves No
A8S Glen Ogle 2 mediom Line (lso, pointXY| 2 2Natwralslope  2X  semipelitX  Tilland mor{Tilland m il 20618m semipelit>400m Tillandm 50t 22X | 2No No | 2No Yes
Rest and Be Thankful 3 medium Zline (also,pointXY 3 2Nawrelslope  3X schist X 30618m schist  >400m Peatand 100t 33X | 3No No | 3No Yes
Harbury tunnel 4 high 2 line (also, pointXY, 4 2 Soil cutting 430m  mudstoneX 1 420m 350,000t | 44X 4No No | 4Yes No
Rosyth Smedium | 3 line(also,pointXY 5 2Soilcuting | 55m limestone3r Tl T 50510m limestonedm Tl X s SX | SNo No | SNo Yes
Stoees Gmedium | 4 lline lso,pointXY 6 1Soilcuting | 619m sandstonc1s” 50515m 6 X | GNo No | GNo Yes
Main diagram 2 | > |
Cviie: nfrastructureRail Road GEOGRAPICAL FEl nfrastructure i soi [ivass Loss _usability_probl
GSviie: road 1D nfrarlane description Jslope T height rock_nam slope_sofl_name_|soil_namesoil_categ rock_nam run_out_soi_name volume has_fihas 1 usa conceconcd
datasource: it
San Benedetto Po bridge | 1 medium 1450027 /105601 1 2 bridge-AC T 1 1m no | ino no
Finale Emilia bridge 2 medium 2445017/111840] 2 2 bridge - RC- dspan- independent - S5 2 2 | 2m0 no | 2m0 no
Mirandola bridge 3 medium 3445214/110402| 3 2 bridge -arch masonry-single span - 25m 3 3 3m no | 3n0 no
Pontelagoscurobridge | 4 medium 4845318/113629 4 2 bridge- steel deck  piers, RC : 4 4 4m no 4no no
Bomporto bridge 5 medium 5.44.4338/110243] 5 2 bridge -RCarch - 3span -continuous- S5 S 5 | Smo no | Sno yes
San Felice sul Panaro bridel 6 medium 644.4935/110828] 6 2 bridge - RC irder- multispan -5 6 6 | 6mo no | Gno no
Fossa tation bridge 7 medium 7421814/133012] 7 2 bridge - RC- 3span - continuous 77 | 7m0 no | 7yes no
OnnaVilage brdge Blow 8421927/132841) 8 1 bridge -RC- 3pan- continuous 8 8 | 8mo no  8no no
| Main diagram 2 | ? | |
Gviie: [inrastructure [Ralload GEOGRAPHICAL FEfinfrastructure. soi [iass | TSocital_loss _ Usability_prob|
fe: | ro2d 1D Infra lane deseription Jslope T helght rock_nam slope_soll_name_|soil_namesoil categ) rodk_nam run_out _soil_namevolume Jcons fehas_Jusa conceconc] . .
data source: [ b Description
insiedeln Tiow o1 dread T 10 1no o dyes no
Hasliberg. 2 medium 2/46.4409/081225 2 2road 2 20 2m0 no  2yes no . .
Eggiwil 3low 465126/07.4841 3 areaaround Eggiwil 3 30 3m0 no  3n0 no Destruction of the bearing brackets due to
eggiwil low 465218/07483 4 areaaround Eagiwil 4 40 4mo no  4no no ; 5 z
Eggiwil Slow 465240/07.4814 5 areaaround Eggiwil 5 50 Smo no  Sno no the impact of the girders. Some deck girders
eggiwil Slow 465204/0748.45 6 areasround Eagiwil 6 50 Gmo no Gno no g
7low 65542/074435 7 areasround ignau 7 701 7m0 om0 7m0 no slipped from the bearings.
Reichenbach im Kandertal 8 medium 4633.15/07.4432 8 stream 8 802 8no no 8no yes
Rudbolfstetten-Friedisberg 9 low wn1/eR% 9 9 90 Sm no Sno no
Aesch bei Brmensdorf 10 medium 3472012/082628 10 roadsand houses 0 100 1 no Dm0 yes

Date Cause

6/5/1976 02:00:00 -
40 years ago Friuli EQ - M 6.4

Fatalities

X

Fully Money Lost
Collapsed







" Nederland

Deutschland

Ostereich,

Switzérland
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< " Previous damage. Cracking of some structural and non-...

Description

Previous damage. Cracking of some
structural and non-structural elements (as
the abutment and a opened hole in the
sidewalk)

Date Cause

20/5/2012 03:00:00

4 years ago Emilia EQ - M 6.0

Fatalities

> &

Fully Money Lost
Collapsed

0




Features of the approach

* End-user friendly Web application

 Grounded on a comprehensive data
model for infrastructure components

an natural hazards

* Easy to onboard data (e.g. upload

spreadsheets)
 Data hosting/access
* Data provisioned as Linked Data
e Structured querying (SPARQL)






Schema Vocabulary — example

"Infrastructure Component” Object Type |

Physical System
(id)

-

is geospatially described by

{high’, 'medium', Jow’}

P —
Diescription !

N —————— -

..... ’ Summary

Infrastructure Component is an entity type.
Reference Scheme: Infrastructure Component has Infrastructure Component_id.
Reference Mode: .id.

Fact Types

Each Bridge is an instance of Infrastructure Component.

Each Embankment is an instance of Infrastructure Component.

Infrastructure Component Failure concerns full collapse of Infrastructure Component.
Infrastructure Component Failure concerns partial collapse of Infrastructure Component.
Infrastructure Component has Description.

Infrastructure Component has Infrastructure Component_id.

Infrastructure Component has Mame.

Infrastructure Component has number of Lane.

Infrastructure Component is connected to Infrastructure Component.

Infrastructure Component is geospatially described by Geographical Feature.
Infrastructure consists of Infrastructure Componeant.

Each Off Ramp is an instance of Infrastructure Component.

Each Segment is an instance of Infrastructure Component.

Each Slope is an instance of Infrastructure Component.

Each Tunnel is an instance of Infrastructure Component.

Usability Problem concerns closure of Infrastructure Component.

Usability Problem concerns reduced traffic on Infrastructure Component.

Related Types

Drescription

Geographical Feature
Infrastructure

Infrastructure Component Failure
Infrastructure Component_id
Lane

Mame

Usability Problem

Super Types

There are no items for this section.

Sub Types

Bridge
Tunnel
Embankment
Off Ramp
Slope
Segment



* Defined data representation format in graph format
Conceptual model Vocabulary

* Collected dataset samples (CSV format)

Dataset Description Filename

Events #1 Sample dataaboutlandslides, bridge failuresand | ETHZ-Contribution-to-D2.2.xlsx
road failuresin Europe.

Floods #1 Sample dataaboutfloodsin Europe. database floods yuliya.xls

Floods #2 Sample dataaboutfloodsin Spain. EVENTS_DRA.xIxs

Bridge failures#1 | Sample dataabout bridge failuresin Europe. events.xlsx

Bridge failures#2 | Sample dataabout motorway bridge failuresin events_failures_CSIC_T2.2.xlsx
Europe.




PIPELINE RDF MAP PREVIEWED DATA ORIGINAL DATA
& Edit prefixes a ~ b S ~ d v e v f v g ~ h v
< Edit utility funct ions input lines from CS. infrastruc. importance rail_ID road_ID shape Infrastruct. lane description -
data source: Open Street Map? open sourc.
Hatfield Colliery 1 high 1 line (also, point XY coor. 1 4 Soil cutting in immec
drop-rows PO AB5 Glen Ogle 2 medium 1 line (also, point XY coor.. 2 2 Natural slope on the
Rest and Be Thankful 3 medium 2 line (also, point XY coor.. 3 2 Natural slope on the
Harbury tunnel 4 high 2 line (also, point XY coor... 4 2 Soil cutting
Rosyth 5 medium 3 line (also, point XY coor. 5 2 Soil cutting
St Bees 6 medium 4 line (also, point XY coor... 6 1 Soil cutting

PIPELINE > PREVIEWED DATA ORIGINAL DATA

& Edit prefixes input_lines_from_CSV_fiv. infrastructurex.  importance ~  rail_ID ~ roadD v~ shape ~ Infrastructure_cox.  lane =
<> Edit utility functions data source: Open Street Map? open source:
Hatfield Colliery 1 high 1 line (also, point X¥ coor.. 1 a
ABS GlenOgle 2 medium 1 line(also, point XY coor... 2 2
drop-rows Rest and Be Thankful 3 medium 2 line (also, point XY coor... 3 2
T Harbury tunnel 4 high 2 line (also, point XY coor.. 4 2
¥ Rosyth 5 medium 3 line (also, point XY coor.. & @ F_"
s | HOO _ ™ rife:subCl 32 OF P
T St Bees 6 medium 4 line (also, point XY coor... 6 1 fandzhide I

natural_hazara_il

™ s n httpa ./ Sweneeinfraris k-fpT ..

™ infrariz k:ha s Slope.. ™ slope_grade_landszlide_int

DataGraft o o

https://datagraft.net : .

. infra ris kiconcamsF . & concemsFuiColapse A
infragtru clureComponent

infrariz kiconcems.. ™ concemsFatialCofap e

5 reffz:zubCla 82 O Fa
eveni_ /D



high

https:ffwww.infrarisk-fp7 .eujvocabs/#isOfimportance

https:/fwww.infrarisk-fo7 .eujvocabs/#isGeospatiallyDescribedsy https:/fwwi.infrarisk-fp7.eupvocabs/#Line

http:/fwww.w3.org/1899/02/22-rdf-synt ax-ns#type
> https:/fwww.infrarisk-fo7 eujvocabs/#Rail
https fﬁawwu.infrarisk-fp?.euNocabsf#Infrastru@

https:/fwww.infrarisk-fo7 eujvocabs/#infrastructure/1

https:/jwww.infrarisk-fp7 eupvocabs/#hasinfrariskCom

http:/fwwww3.0rg/1999/02/22-rdf-syntax-ns#type




Sample queries

* Describe landslides that occurred in February
2013, give their dates, locations and find if any
of them result in full collapse of any
infrastructure component

* Describe landslides that resulted in displacement
of mass containing clay



DataGraft Search Explore Sign In

Latest public data pages Latest public data transformations

Data page = User 4 Published $ Transformation = User & Published $
. a S e O I I a ta ra t TB_data_dictionary_2016-02-20 Vorachet 20 Feb New transformation sdn 19 Feb

Jaroensawas demo-test nvinikolov 16 Feb
NL stadscoordinaten ImmyS5 LR Test Espempio-fork-fork-WorkingBase-fork nvinikolov 15 Feb
. Infrarisk sdn 10 kss Torino Census Integrated 1 nvinikolov 12 Feb
. brreg-oil nvinikolov 29 Jan Infrarisk-ds0902 sdn 10 Feb
brreg-datapage (SRR 280 test] nvinikolov 10 Feb
NPD FactPages npd AR test2 nvinikolov 10 Feb
Norwegian Petroleum Directorate 26 Jan test3 nvinikolov 10 Feb
FactPages
= T nvinikolov 10 Feb
infrarisk_input_v2 21 Jan
nvinikolov 10 Feb
prodm test 20 Jan
Inikol: 10F
infrarisk_floods_v3 11 Jan i i
nvinikolov 10 Feb
° ° meta_export_09dec 12 Dec
* Data cleaning & mappin i seARaL
ARPA Pi Q
Employe
Infrarisk
a u a r O r a ==
datasets

plugi-10: z locations and find if any of them

testttlc

 Executable data
transformations

e Data queries (in SPARQL) e
e Development of GUI

shﬂw| 0 |cnlr|cs Search:

date resultedinFullCollapse description location

application prototype e —

EXECUTE

through colliery tip, advancing through
underlying natural ground, with toe at
track location)

Showing 1 to 1 of 1 entries




Thank you!

Q&A

Contact: dumitru.roman@sintef.no



INTACT Project: Guiding The User
Final Dissemination Event INFRARISK, Madrid, Spain

Peter Petiet
TNO (Netherlands Organisation for Applied Scientific Research)

This research has received funding from the European Union Seventh Framework Programme under grant
agreement no 606799. The information and views set out in this presentation are those of the author(s)
and do not necessarily reflect the official opinion of the European Union.



INTACT Objectives

INTACT (s an EU FP7 project which aims

to offer Decision Support

to Cl operators and policy makers

regarding Critical Infrastructure Protection (CIP)
against changing Extreme Weather Event (EWE) risks

caused by climate change

***
%’t 29/09/2016 Final Dissemination Event INFRARISK
*



INTACT main concept

I e ;...
Various_critical

-, %: ‘;IF\“' infrastructures
Xtre eather
-




INTACT main concept
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INTACT main concept
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INTACT main concept
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INTACT main results:
Wiki (1/2)

wwWw.intact-wiki.eu

The INTACT Wik is:

« A platform in which the knowledge, tools and methods,
developed in the project are shared with the world.

e On i, you can find information, references, guidance and
experiences on how to ensure continued resilience of Cls in
the context of changing climate and related EWEs.

e This information is primarily directed at operators of Cls and
policy makers involved with these.

***
@*‘k 29/09/2016 Final Dissemination Event INFRARISK 7
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INTACT main results:
Decision support Framework (2/2)

The Decision support framework is:

* A proven risk management process that can be applied to
assess and increase the resilience of Cl to changing
climate and changing EWE:

In each step, the user is guided with which tools/
sources of information are useful for what reason and
how to interpret subsequent outputs.

***
%’t 29/09/2016 Final Dissemination Event INFRARISK 8
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INTACT main results:
Decision support Framework (2/2)

S
Tool / method

Delphi method
Storyline approach -

Risk Risk Risk Proposals for RI.Sk o
. e S . : reduction /.
identification estimation evaluation action
control

= T

2

Hazards and operability
study (HAZOP)

Analytic hierarchy process




INTACT main results:
Decision support Framework (2/2)

Clrcle - Critical Infrastructure: Relations and Consequences for Life and Environment

?’INTACT/E : 29/09/2016 Final Dissemination Event INFRARISK
*



INTACT main results:
Decision support Framework (2/2)

Highlighted process elements

Requirements,
guidance and
best practices

Best practices
and case results

Rules and
regulations

Climate and
Extreme weather

EWE data and EU wide

?’INTACT/E :' 29/09/2016 Final Dissemination Event INFRARISK 11
*



INTACT main results:

Decision support Framework (2/2)

Selecting Future scenarios using Interactive Maps

Select time period

Select type of extreme weather
(precipitation, snow, temperature, wind,
or combinations of these)

Select Extreme Weather Indicator (EWI)
associated with the above event

View legend with explanation of EWI
and scales

Select whether to illustrate:

* Expected values;

* Change of values compared to now;
Expected change of value per year.

w
LA

29/09/2016
K*

!

——

| Proposals For Action - INTACT... %

Extreme weather maps - INTAC... % | Protection measures and strate., ¥+

Read Edt View history More ¥ | | Saarch Q

reme weather. For a further explanation and complete definitions of all indicators, see inere

Indicator Name

Absolute,Trend or Delta
]

S L
e SR

PRCPTOT. total precipitation in wet days, defined

as days with precipitation greater or equal to 1

W 168.54 -563.10
W 563.10-710.28
710,28 - 768.77
768.77 - B11.36
811.36 - 845.10
845,10 - 895,74
895.79 ;675.23
975473 -1133.41
133.41 - 1469.91
W 146991 - 4463.50

\

o

»

B
. AUZBEKI]
5

O c|[®Pse e + a0 QO @ =

“TURKMENISTAN

P T0NisiA

Final Dissemination Event INFRARISK
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INTACT input & (current) feedback:
Case Studies

Case Study B - Port of Rotterdam, Case Study D - Southern Finland
The Netherlands Rural electricity distribution in

Port of Rotterdam and its hinterland extreme winter conditions.

transport connections under local P
EWEs. % J

Case Study A - South West Region
of Ireland

Extreme Weather Events which have
impacted upon Cl.

Case Study C - Southern/Central
Italy

Rainfall induced landslides in the
different geomorphologic contexts.

Case Study E - Southern Spain

Effects of drought, heatwaves and
flash floods on Cls.

***
@: 29/09/2016 Final Dissemination Event INFRARISK 13
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*
**

ol INTACT Project:
* Guiding The User

www.intact-project.eu/

www.intact-wiki.eu/

INTACT End Event:
23 March 2017, Delft, NL

Peter Petiet, TNO, Netherlands

Email — peter.petiet@tno.nl
Contact Number - 00 31 888 66 4006

***
MI 29/09/2016 Final Dissemination Event INFRARISK 14
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*A Plataforma
Tecnoldgica
| T
PTEC Construccidn

INFRARISK
Final Dissemination Conference
Dragados, Madrid

New hazards and transport infrastructures

Jesus Rodriguez
Dr. civil engineer
Managing Director, PTEC
Associated professor in concrete structures (UPM)
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*
{I ﬁ Plataforma
- - Tecnoldgica
|:| Espafiola d
PTEC

S| a de
Construccién

 Created in 2004 as a mirror of the European
Construction Technology Platform ECTP

« Contributing to the construction sector through
promoting public-private partnerships In
research, development and innovation, carried
out among enterprises, industrial associations,
universities, research centres, technological
centres and customers.




.| | SoBlERNO HUMNISTERMD

-2 i DE ESPA gtscm
COMPETITIVIEMAD

- -

/o Wiois :
— Working groups

PTE c Construccion

* Internationalisation of R&Il : Acciona, Ferrovial

* Promoting innovation: OHL, University of
Cantabria

« Transport infrastructures: Dragados, Vias

* The city of the future: Cartif and Tecnalia
research organisations

« Construction processes: CYPE, ltainnova,
Technical University of Madrid (UPM)




A Plataforma
Tecnologica
Espafiola de

PTEC Construccion

Conferences
Workshops
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Ol it Internationalisation

« Coordination of NTPs network (15-20
countries)

 Partner at REFINET CSA (www.refinet.eu) on
transport infrastructures, coordinated by ECTP
Infrastructure & Mobility Committee

« Member of INFRAVATION Scientific Panel (road
infrastructures)




o L. GOEIEI& MUNESTERM
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COMPETITIVIOWAMD
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#2 i New scenarios for transport
PTEC Construccién -
INnfrastructures

« Climate change

 Extreme natural and man-made hazards

« Earthquakes, flood, landslides, heat and
wind increasing, rainfalls, etc.

« Cascading effects: vulnerability during
successive hazards




:T\—Ec Reqguirements for mfrastructures

XX and XXl century:

« Ultimate Limit States: safety against partial or
total collapse under loads

« Serviceability Limit States: deformations,
vibrations, cracking in concrete, etc.

* Durability during the service life (50, 100, 300
years)

« Sustainability: energy impact and other
environmental considerations, recycling, etc.

« Climate change new hazards




o " GOEIBI* HUNESTERM

- i DE ESPA ‘qescnucm
COMPETITIVIOWAMD
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Fa e New scenarios for transport
PTEC Construccion -
Infrastructures

* Preventive strategies
 Remedial strategies

* The selection of strategies has to be
considered in the framework of social and
financial issues (EX.: cost of traffic delay after
extreme hazards versus higher initial
Investment)




o " GOEIBI* HUNESTERM

- i DE ESPA ‘qescnucm
COMPETITIVIOWAMD
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o X New & modified standards to
PT E C Construccion Consider these “neW” Scenarios

v Actions due to extreme hazard events

v Resilient materials

v Resilient infrastructures: bridges, tunnels,
earthworks (slopes and embankments),
pavements, rails, breakwaters, etc.

v Foundations




:T\—Ec New design considerations

v" Foundations to avoid scours: protection in piers and
abutments; piles versus footings; longer spans in bridges
avoiding piers in the water

Structural redundancy & robustness

Earthwork slopes: lower angle, land cover, etc.
Improved drainage systems

Combination of fibres and steel bars in concrete
New asphalt mixes avoiding rutting due to heat
Increasing, etc.

v Longer runways in airports due to heat increasing
v Height increasing of breakwaters & crest walls to
reduce o%pi_ events

A

NAX XX




A Platafo’rma -
s i Maintenance
PTE c Construccién

* Relevance of the maintenance for better
performance of infrastructures under extreme
hazards

« Collection of data from the conditions of the
infrastructures (network management
systems):

* For operation & exploitation

* For durability considerations (repairs, etc.)

* For improving strategies during/after
extreme hazard events




ajﬁn Plataforma -
I— e Upgrading

PTE c Construccion

« Upgrading of existing infrastructures is a
urgent need, due to:
v Material deterioration
v" New demands: traffic,

v' Climate change (==
v

.... and a opportunity
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! ¢ . "  GOBI FUNESTERICH
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*A Plataforma
Tecnoldgica
| T
PTEC Construccidn

Shall we need more research and innovation to deal
with transport infrastructures and climate change?

Many thanks

Jesus Rodriguez
director@plataformaptec.es
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JOSE LOBEZ

EMERGENCY AND COORDINATION AND CRISIS MANAGEMENT
UNIT

MINISTRY OF TRANSPORT AND PUBLIC WORKS
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GOVERNING BODY IN CHARGE OF
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RELATED TO NATIONAL SECURITY POLICY
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OVERSEES NATIONAL SECURITY SYSTEM
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NATIONAL SECURITY
COUNCIL




T,

s e e NATIONAL SECURITY
SYSTEM

| PRIME MINISTER

* NATIONAL SECURITY COUNCIL

e

2 X
| SITUATION COMMITTEE I S #Y

e SPECIALIZED COMMITTEES

| NATIONAL SECURITY DEPARTMENT

e SECRETARY AND PERMANENT SUPPORT CELL




L2 =5 ITUATION COMMITTEE

SUPPORT THE NATIONAL SECURITY
COUNCIL IN CRISIS MANAGEMENT

BODY that ACTS WITHIN THE STATED
POLITICAL STRATEGICAL GUIDANCE
provided BY THE NATIONAL SECURITY
COUNCIL

ACTIVATED IN CASES OF HIGH IMPACT,
TRANSVERSAL OR UNCERTAINTY




OBIERNO MINISTERIO

= === SITUATION COMMITTEE




L gmme mumme . PERMAANENT SUPPORT BODIES

of |||

‘ NATIONAL MARITIME SECURITY COUNCIL

—— NATIONAL CYBERSECURITY COUNCIL

MIGRATION POLICIES
NATIONAL SECURITY COUNCIL

o ENERGY
SECURITY COUNCIL




THE HEAD

&

THE EXECUTIVE ARMS



NATIONAL LEVEL

- L]
[ &
- .-

FOREIGN HEALTH
EMERGENCY UNIT EMERGENCY
UNIT
i Al MANESTIRO 8 . i 4l
t, Rl [—ﬁgm R pec I,ﬁqm BEER. t 3R RO aunes
- - ¥ MEDIO AMBENTE - ¥ TURISMO - - T ADMINGTRACIONES PUBLICAS AWVa ¥ DEPORTE

[Kiome mmme., [iem= o [ mm



come meme CIVIL PROTECTION

CIVIL PROTECTION, as an instrument of the
national security, is the public service that protects
people and goods by guarantying the adequate response
to the different types of emergencies or catastrophes
caused by natural or man made hazards accidentally or
intentionally provoked.
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* NATIONAL/REGIONAL level

Floods

Earthquakes
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Radiological

Biological

Transports of dangerous goods
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Volcanic
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Air accidents
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Nuclear
War
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y Armed Forces

/ Security Forces
/ Health services

Other Technical Services
NATIONAL LEVEL

/ Fire fighters
/ Health services
/ Security Forces
Other Technical Services
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Y Fire fighters
/ Health services
Other Technical Services
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Self-protection orporate

Citizen
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ASSISTING THE SECRETARY OF STATE IN

DEFINING, ADOPTING, MANAGING, CONTROLLING AND
ASSESSING

MEASURES AND PROCEDURES WITHIN THE MINISTRY
COMPETENCES, TO ENSURE

FULLY RESTORING OPERATIONAL

FOR TRANSPORTATION SERVICES AND
INFRASTRUCTURES
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TASKS:

(] ASSIST MINISTRY DEPARTMENT HEADS

(] INTER-MINISTRY RELATIONS

(1 STANDARDIZATION OF PROCEDURES

(] INCIDENT ANALYSIS AND SUPERVISION

(1 SYNERGIE EXPLOITATION

(1 TRACK INCIDENT INFORMATION IN REAL TIME

(1 PROMOTE PREVENTION AND RISK MANAGEMENT
d VICTIMS ASSISTANCE OFFICE (similar to US TDA)
(] CLASSIFIED INFORMATION CONTROL

UECGC
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STARTING POINT: different challenges, new ‘
actors, unknown risks and threats

NATIONAL SECURITY SYSTEM: Inclusive, |
transversal and pro-active

MANAGEMENT CRISIS SYSTEM:
Comprehensive and shared system

THE FUTURE: more interdependency, more
uncertainty, tech disruption, adaptability
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Communication Actions

Press Releases: 2

Call Press: 1

Media: More than 250 European journalists or media contacted by Email. Also, correspondents in Spain, different
European organizations, among them the Press Office of Spanish European Commission.

Social Networks

Press Releases

“New stress tests will reveal whether critical infrastructure in Europe is prepared to withstand
extreme natural hazards” — September 12". 2016

“We can not prevent disasters from occurring, but we can invest to keep from such a severe
impact that costs a region or a country a lot to recover”

Europe has a tool to assess the risks of natural disasters on transport infrastructure
September 29™. 2016

Call Press

How resilient is European critical infrastructure to natural hazards?

The INFRARISK expert group presents a tool that will enable infrastructure managers to minimise
the impact of natural disasters

eDifferent organizations including universities, research institutions, SME’s and Large Enterprise
of Ireland, Spain, Norway, Netherlands, United Kingdom, Sweden and Switzerland have worked
for 3 years in this European project.

*The analysis tool to aid decision making will be presented in a conference to be held in Madrid,
next Thursday.

September 26th, 2016
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Congreso de clausura de INFRARISK

Desde 2016-09-29 hasta 2016-09-29, Madrid, ES

El proyecto financiado por la Unién Europea INFRARISK celebrard su congreso de clausura el 29 de septiembre de 2016 en Madrid,
Espaiia.

La finalidad de este congreso de clausura es comunicar los frutos y resultados del proyecto INFRARISK. Se presentaran las ultimas investigaciones
dedicadas al desarrollo de técnicas dptimas de pruebas de resistencia en las infraestructuras criticas europeas, centrandose en la posible repercusién
de peligros naturales como los sismos, inundaciones y corrimientos de tierra sobre la red europea TEN-T (de carretera y ferrocarril).

Se abordaran los temas siguientes del proyecto:

- Un marco de pruebas de resistencia
- Estudios de casos practicos de carretera y ferrocarril
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New stress tests will reveal whether critical infrastructure in Europe is prepared to
withstand extreme natural hazards
Contributed by: Infrarisk Project

The INFRARISK European project has developed stress tests to establish the resilience of European Critical Infrastructures to rare
low frequency extreme events and to aid decision making in the long term, contributing to robust infrastructure development and
protection of existing infrastructures

The INFRARISK Consortium consists of 11 members from seven different countries, a well balanced and strong partnership among
universities, research institutions, SME’s, and Large Enterprise (LE).

In the last decade, 80,000 people have died in Europe and there have been economic losses of 95 billion euro as a result of natural disasters. Such
damage could be mitigated if the most vulnerable points are known and risks to infrastructure and population can be anticipated. This has been the
objective of the European project INFRARISK, to develop new indicators for identifying critical infrastructures at risk from natural hazards.

Cordis - News


http://cordis.europa.eu/event/rcn/143202_es.html
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News

Asuntos sociales

Nuevos test de estrés permitiran saber si las infraestructuras criticas
en Europa estan preparadas ante desastres naturales extremos

lunes, 12 septiembre 2016, 17:03, por Melania Bentué - Cor

cacion

En la ultima década, 80.000 personas han muerto en Europa y se han producido
pérdidas econémicas por valor de 93 billones de euros como consecuencia de las
catastrofes naturales. Estos dafios pueden mitigarse si se conocen los puntos mas
vulnerables y se pueden prever los riesgos para las infraestructuras y la poblacién.
Este ha sido, precisamente, el objetivo del proyecto europeo INFRARISK,
desarrollar indicadores nuevos para la identificacion de infraestructuras
criticas en riesgo de ser afectadas por catastrofes naturales.

Durante tres afios, un equipo multidisciplinar formado por cientificos e ingenieros
de 11 organizaciones europeas ha desarrollado nuevos test de estrés y una
herramienta de analisis para la toma de decisiones mediante la que se podran crear
modelos que determinen la resistencia de infraestructuras criticas ante
eventos naturales extremos que, aunque poco frecuentes en Europa, cuando se
producen pueden tener un impacto devastador en el sistema de infraestructuras
criticas europeas.
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EVENT DETAIL

29.09.2016 | Madrid (ES)

INFRARISK Project Final Conference, 29 September, Madrid (ES)

INFRARISK, an EU-funded project (2013-2016), brings together 11 members to develop a strategy to ensure that levels of infrastructure

related risk due to natural hazards are acceptable.

The final conference organized on 29 September 2016 at Dragados venue in Madrid aims to communicate the results and outputs of
the project. New research will be presented regarding the development of optimal stress testing techniques for European Critical
Infrastructure, which focuses on potential impacts to the European TEN-T (road and rail) network due to natural hazards, such as

earthquakes, floods, and landslides.

The event is free but registration is needed and limited to the capacity of the conference hall

To register, send your full name along with the name of your institution/company/project and your contact details via E-mail to

info@infrarisk-fp7.e:

Access more information and the programme from INFRARISK website here.

ECTP Innovative Built Environment
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INFRARISK Final Dissemination Conference

Type: Meeting or Conference

Organizer: European Union (EU)

Date: 29 Sep 2016

Location: Spain (Madrid)

Venue: DRAGADOS headquarters, Avda. Camino Santiago 50, 28050-Madrid, Spain

The INFRARISK Final Dissemination Conference aims to communicate the results and outputs of the EU-
funded INFRARISK project. New research will be presented regarding the development of optimal stress
testing techniques for European Critical Infrastructure, which focuses on potential impacts to the European
TEN-T (road and rail) network due to natural hazards, such as earthquakes, floods. and landslides

INFRARISK, an EU-funded project (2013-2016). brings together 11 members with a well-balanced and strong
partnership amongst universities, research institutions, small and medium-sized enterprises (SMEs). and a
Large Enterprise, to develop a strategy to ensure that levels of infrastructure-related risk due to natural
hazards are acceptable. Stress tests are implemented through an operational framework that supports the
work of managers, operators, stakeholders and policy makers, providing insight into the impact of extreme
natural hazard events and enabling the vulnerability of their infrastructure networks to be assessed

UNISDR
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H Notas de prensa Asuntos sociales Europa cuenta con una herramienta que permitird evaluar los riesgos de

Europa cuenta con una herramienta que permitird evaluar los riesgos
de las catdstrofes naturales sobre las infraestructuras de transporte

Jueves, 29 septiembre 2016, 19: 04, par Melania Bentug - Comunicacién

La herramienta ha sido creada por INFRARISK, un grupo de trabajo formado por 11
organizaciones europeas

El provecto se ha desarrollado durante 3 afios v ha contado con un presupuesto de
2.8 millones de euros

El provecto europeo INFRARISK ha creado una herramienta que permite evaluar las
consecuencias que tienen las catastrofes naturales sobre las infraestructuras de
transporte criticas para el funcionamiento econdmico v social de la Unién Europea.
Esta herramienta aportara informacién para mejorar la resiliencia de las
infraestructuras y para minimizar €l impacto de terremotos, inundaciones o
deslizamientos de tierra.

Infrarisk Decission Support Tool (IDST), como se llama la herramienta, se ha
presentado en una conferencia en la que han participado representantes de todas las
organizaciones implicadas en el proyecto. “Nuestra IDST ha desarrollado una
serie de modulos en los que incorporamos la informacion que tenemos
sobre los riesgos naturales y como afectan a las infraestructuras”, explica
la investigadora del CSIC, Maria José Jiménez, “de esta forma los operadores y
gestores de las infraestructuras, tienen informacion que les ayudara a
tomar decisiones para hacerlas mas resilientes y soportar el impacto que
puede suponer, por ejemplo, un terremoto”.
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Helping Europe prepare for when natural disaster strikes

EU-funded researchers have created a tool to assess the impact of natural disasters on transport infrastructure in order to save
both lives and money.

The tool, developed through the EU-funded INFRARISK initiative, was presented during the final project
conference at the end of September 2016. The ultimate goal of the innovation is to help policy makers
and industry experts identify ways of improving the resilience of bridges, roads and rail networks in the
face of catastrophic events such as earthquakes, floods and landslides.

Over the past decade, some 80 000 people have died in Europe as a result of natural disasters. Putting
in place considered prevention and mitigation schemes will help to save lives.

In order to address this challenge, the project has developed the INFRARISK Decision Support Tool
(IDST). This consists of a computer programme that has been developed from information extracted
from case studies on road and rail networks all across Europe. These case studies looked at where
transport infrastructure was damaged, and provided an assessment of overall transport conditions.

From this, a series of modules incorperating information on natural hazards and how they affect infrastructure was put together by the team.
Impertantly, these modules take into account the 'cascade effect’ of disasters. For example, a landslide not only makes roads and railway networks
inaccessible, but also isolates whole populations. This has knock-on economic consequences and implications for how emergency services and rapid
response teams organise themselves.
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Hacia una mejor preparacion de Europa frente a catastrofes naturales

Investigadores financiados con fondos europeos han ereado una herramienta que ayuda a evaluar el impacto de catastrofes
naturales sobre las infraestructuras de transportes, a fin de salvar vidas y reducir el gasto.
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La herramienta, desarroliada en el marco de la iniciativa -apoyada por la Unién Europea-, fue presentada en el congreso de
clausura del proyecto, a finales de septiembre de 2016. En Ultimo término, con esia innovacion se pretende ayudar a las autoridades
legislativas y a los especialistas del sector a dar con modos de aumentar la resiliencia de puentes, carreteras y redes ferroviarias frente a
fenomenos catastroficos como seismos, inundaciones y corrimientos de tierras

En el Gitimo decenio han sido mas de ochenta mil las personas que han fallecido en Europa a consecuencia de catastrofes naturales. La
puesta en practica de planes de prevencion y mitigacién rigurosos ayudara a salvar vidas. Los impulsores del proyecto han creado la
herramienta de apoyo a las decisiones de infraRisk (IDST) para ayudar a superar el reto correspondiente. Se trata de un programa
informatico desarrollado empleando informacion extraida a partir de estudios de casos relativos a redes ferroviarias y de carreteras de
diversos lugares de Europa. En dichos estudios de casos se analizd de qué manera se habian danado las infraestructuras de transpories y
se efectud una evaluacién de las condiciones generales del transporte

Madrid+d


http://cordis.europa.eu/news/rcn/126428_en.html
http://www.madrimasd.org/informacionidi/noticias/noticia.asp?id=67516

Estudiar
Europa

/
R

Canal 24 Horas — La 1 TVE. (Video, minute: 17:46)

= Al S

= I

Home Universidades Grado

{ERS
O ‘7

85 N —_—
| .w. " UNIVERSITY OF WARSAW
%

,?‘f{» Faculty of Economic Sciences

K/ S
RsoviE

nd fina rding to Polish Ministry o

Ingenieria, industria y construccion
todos b

Hacia una mejor preparacion de Europa
frente a catastrofes naturales

igadores fi iados con europeos han creado
una herramienta que ayuda a evaluar el impacto de
catastrofes naturales sobre las infraestructuras de
transportes, a fin de salvar vidas y reducir el gasto.
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La herramienta, desarrollada en el marco de la iniciativa INFRARISK —
apoyada por la Unién Europea—, fue presentada en el congreso de
clausura del proyecto, a finales de septiembre de 2016. En Ultimo
término, con esta innovacién se pretende ayudar a las autoridades
legislativas y a los especialistas del sector a dar con modos de
aumentar la resiliencia de puentes, carreteras y redes ferroviarias frente
a fenémenos catastréficos como seismos, inundaciones y corrimientos
de tierras

En el Gltimo decenio han sido mas de ochenta mil las personas que han
fallecido en Europa a consecuencia de catastrofes naturales. La puesta
en practica de planes de prevencion y mitigacion rigurosos ayudara a
salvar vidas
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Investigadores financiados
Publicado el: 11/10/2016 con fondos europeos han
creado una herramienta que
ayuda a evaluar el impacto
de catastrofes naturales
sobre las infraestructuras de
transportes, a fin de salvar
vidas y reducir el gasto.
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INFRARISK: Hacia una mejor
preparacion de Europa frente a
catastrofes naturales

Investigadores financiados con fondos europeos han creado una herramienta
que ayuda a evaluar el impacto de catastrofes naturales sobre las
infraestructuras de transportes, a fin de salvar vidas y reducir el gasto

RETEMA, Revista Técnica de Medio Ambiente
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Hacia una mejor preparacion de Europa frente
a catastrofes naturales

Investigadores financiados con fondos europeos han creado una herramienta que ayuda a evaluar el impacto de

catastrofes naturales sobre las infraestructuras de transportes, a fin de salvar vidas y reducir el gasto.
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« Helping Europe prepare for when natural disaster strikes

EU-funded researchers have created a tool to assess the impact of natural disasters on transport infrastructure in

order to save both lives and money

CARIE, Cyprus Association of Research and Innovation Enterprises
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Helping Europe prepare for when natural disaster strikes
Aiutare I'Europa a prepararsi per quando € colpita da disastri naturali

EU-funded researchers have created a tool to assess the impact of natural disasters
on transport infrastructure in order to save both lives and money.

Ricercatori finanziati dallUE hanno creato uno strumento per valutare I'impatto dei disastri
naturali sulle infrastrutture di trasporto che permettera di salvare vite e risparmiare denaro
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Total video views A 340%
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21 de septiembre a las 2155 - €

SAVE THE DATE! 29 September

INFRARISK Final Dissemination Conference.

Madrid, Spain.

Language

Spanish

Spanish (Spain)

English (US)

French (France)

Greek

English (UK)

ltalian

Swedish

Portuguese (Brazil)

German

An Opportunity to know the results and outputs of the INFRARISK project.
New research will be presented regarding the development of optimal
stress testing techniques for European Critical Infrastructure,

www.infrarisk-fp7.eu

INFRARISK-FP7.EU

e Me gusta

@ Comentar

# Compartir

People Reached
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IRlnfrarisk
Published by Melania Bentué Ceresue 27 September at 20:25 - €

INFRARISK Final Dissemination Conference
Madrid, Spain
You can follow the sessions by streaming. hitp://www.infrarisk-fp7.eu/

InfraRisk Decision Support Tool

InfraRisk | Novel Indicators for identifying critical
INFRAstructure at RISK from natural hazards

This project has received funding from the European Union's Seventh Programme
for research, technological development and demonstration under grant...

INFRARISK-FP7.El

IR Infrarisk added 4 new photos
P ed by Melania Bentué Ceresuela 29 Septembe 1 €
#Infrarisk Project. Working at the Final Dissemination Conference... Nice

IR ?nf‘rans‘k - - ‘ . day!

Are European infrastructures prepared to a natural disaster?

The expert group INFRARISK presents a tool that will help prevent the
impact of natural disasters. Different organizations of Spain, Ireland
Norway, Netherlands, United Kingdom, Sweden and Switzerland have
worked for 3 years in this European project

The analysis tool will be presented in a conference held in Madrid, next

Thursday.
‘ —
o




I R Infrarisk
4 €

CORDIS refers to our project: Helping Europe prepare for when natural
disaster strikes

European Commission : CORDIS
: News and Events : Helping

IR Infrarisk
4 October at €

Our project in Europe 2016 TV Program. Thanks for help us to
disseminate the Final Conference. Find the info from the minute
17:44

: Europe prepare for when natural
| disaster strikes
European Commission Carta
RDIS.EUROPA EL Europa 2016 - 30/09/16, Europa 2016 online, completo y gratis en A la Carta

Todos los informativos online de Europa 2016 en RTVE.es A la Carta

Infrarisk
f ed by Melania Bentué Cerest 29 September at 18:22 - €

“We can not prevent disasters from occurring, but we can invest to keep
from such a severe impact that costs a region or a country a lot to recover”

Europe has a tool to assess the risks of natural disasters on transport
infrastructure. It has been created by INFRARISK, a working group
involving 11 European organizations. The project has been developed over
three years with a budget of 2.8 million euros.

InfraRisk Decision Support Tool

InfraRisk | Novel Indicators for identifying critical
INFRAstructure at RISK from natural hazards

This project has received funding from the European Union’s Seventh Programme
for research, technological development and demonstration under grant



Bentué, Estrategias de Comuni ha
compartido el video de Infrarisk Melania z gias de Comunicacion ha
22 de septiembre alas 7:14 - € compartido la publicacion de Graziella Aimendral
20 de septie

mbre a las 10:47 - €
El proyecto europeo #Infrarisk estudia las infraestructuras y su resistencia

ante desastres naturales. Durante tres afios, investigadores de distintos ¢Estan p(eparadas las infraestructuras ante desastrei naturales? Un
paises han trabajado para desarrollar herramientas para mejorar la grupo de investigadores han trabajado durante tres afios en el proyecto
seguridad europeo Infrarisk

[ S hesiaay s
19 de septiembre a las 951 - €

Cientificos e ingenieros de 11 organizaciones europeas han
desarrollado nuevos test de estrés para conocer la resistencia de
infraestructuras criticas ante desastres naturales extremos

Videos: te ensefiamos qué es un desastre natural, una infraestructura
citrica y un test de estrés

102 reproducciones

Infrarisk
Publicado por Snap [?] - 29 de oc

bre de 2015 - €

IndagandoTV
19 de sep

ealas9:47- €

Nuevos tests de estrés para conocer la resistencia de infraestructuras
criticas ante eventos naturales extremos

Videos: te ensefiamos qué es un desastre natural, una infraestructura
citrica y un test de estrés

http://www.indagando.tv/.../nuevos-test-estres-permitiran-sa.../

Nuevos test de estrés permitiran saber si las
infraestructuras criticas en Europa estan preparadas
ante desastres naturales extremos | Indagando TV

En la ultima década, 80.000 personas han muerto en Europa y se han producido
pérdidas economicas por valor de 95 billones de euros como consecuencia de las
catastrofes naturales. Estos dafos pueden mitigarse si se conocen los puntos mas
vulnerables y se pueden prever los riesgos para las infraestruc...

INDA(

IDO.TV



Twitter - @infraRisk

Number of tweets: 20

Likes: 7

Retweets: 7

New followers: 7

TWEETREACH SNAPSHOT FOR

#infrarisk

ESTIMATED REACH
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TOP CONTRIBUTORS
209 GDG @GDGeosolutions
IMPRESSIONS :Lwolmm‘
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m : 30 followers

' IR

RETWEET

1 GDG @GDGeosolutions

[ 200 followeers |

MENTION

EXPOSURE

269 wscessions
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Bars show number of tweets sent by users with that many followers

DAYS 1 retweet
2 tweets
Oct9 Oct 10 Oct 11
MOST RETWEETED TWEETS
aRisk @Inf
-I I R Today, Final Dissemination Conference #
Project, welcome @ETH, @GDGeosolutions, @CSIC

@ @SINTEF and the nther partners.



https://twitter.com/infrarisk

TOP USERS

@ InfraRisk (4)
Ecopost_info (1)
kanenas70 (1)
LarrugaSusana (1)
miguelfebles (1)
myCORDIS (1)

® Europa_TVE (1)
melzbentue (1)
jesusrod1947 (1)
GDGeosolufions (1)

TOP WORDS

CATASTROFES

- EUROPE

COMMISSION

USER MENTIONS HASHTAGS

@ud

@madrimasd @ETH
@SINTEF . @csic
~ (@InfraRisk «

“@GDGeosolutions

Analysis Source: Tweet Archivist and Tweet Reach



InfraRisk

Novel indicators for identifying critical
INFRASstructure at RISK from Natural
Hazards

Q Ireland

& infrarisk-fp7.eu

[#) Joined February 2014

3} Photos and videos

CORDIS

TWEETS FOLLOWING FOLLOWERS LIKES MOMENTS

23 17 30 2 0 Edit profile

Tweets  Tweets & replies Media

InfraRisk (@InfraRisk - 15}
IR European Commission: CORDIS: News and Events: Helping Europe
prepare for when natural disasters strikes europa.eu/lvp87KT #Infrarisk

InfraRisk ©InfraRisk - 15¢

IR Hacia una mejor preparacion de Europa
frente a catastrofes naturales
madrimasd.org/informacionidi ... via
@madrimasd

Helping #Europe prepare for when natural #disaster strikes
cordis europa . eu/news/rcn/12642 .. @eu_echo @InfraRisk #FP7




Europa TVE @Europa_TVE - Sep 30
> @InfraR[sk proyecto de @EU_Commlssmn para prevenir el |mpacto de los
ARy desastres naturales en las infraestructuras europeas @Europa_TVE

madrimasd @ madrimasd - Oct 1
madried  Hacia una mejor preparacion de Europa frente a catastrofes naturales
ow ly/wUTi3051krU |Fuente @myCORDIS

EC& ecopost @Ecopost_info - 16
POST Hacia una mejor preparacion de Europa frente a catastrofes naturales
@InfraRisk madrimasd.org/informacionidi... via @madrimasd




InfraRisk (InfraR (
#Infrarisk PrOJect in Europe 2016 TV Program (minute, 17:43)
rtve es/v/3740419/ via @rtve

Europa 2016 - 30/09/16

Europa 2016 - 30/09/16, Europa 2016 online, completo
y gratis en A la Carta. Todos los informativos online de
Europa 2016 en RTVE.es A la Carta

InfraRisk (infraRisk
IR #Infrarisk PrOJect Working at the Final
Dissemination Conference... Nice day!

InfraRisk infraRisk

IR Today, Final Dlssemlnatlon Conference
#Infrarisk Project, welcome @ETH,
@GDGeosolutions, @CSIC, @UCL,
@SINTEF and the other partners.

InfraRisk . InfraRisk

IR #Infrarisk PrOJect Final Dissemination
Conference. Madrid, september 29th. you
can follow by streaming infrarisk-fp7.eu



InfraRisk (InfraRisk - Sep 26
#Infrarisk Project, the tool to analyze the level of risk of critical
infrastructure disaster natural, will be presented in Madrid 29/09

L o +3 v see
InfraRisk @InfraRisk - Sep 26
I Are European infrastructures prepared to a natural disaster?
The expert group #INFRARISK presents a tool that will help prevent
the impact
“ X v ves

InfraRisk @infraRisk - Sep 22

IR #NaturalDisasters. Do you know what a
stress test is? - #INFRARISK European
Project

Do you know what a natural hazard is? - INFRARISK
http://www.infrarisk-fp7.eu INFRARISK Novel indicators
for identifying critical INFRAstructure at RISK from

i Natural Hazards. Extreme, low probability, natura.

youtube.com

“ = v

InfraRisk @InfraRisk - Sep 22
IR Do you want to know more about the
#Infrarisk Decision Support tool IDST?

0

InfraRisk Training Activities

http://www.infrarisk-fp7 eu INFRARISK Novel indicators
for identifying critical INFRAstructure at RISK from
Natural Hazards. Extreme, low probability, natura

youtube.com

[\

InfraRisk @InfraRisk - Sep 21

IR Do you know what a critical infrastructure
is? - INFRARISK European project
ow.ly/EKv5304n5GV #naturaldisasters

http://www.infrarisk-fp7_eu INFRARISK Novel indicators
for identifying critical INFRAstructure at RISK from
Natural Hazards. Extreme, low probability, natura.

InfraRisk (InfraRisk - Sep 20

IR INFRARISK will help us to establish
theinfrastructure related risks due to
natural hazards. The EU project in 3'

InfraRisk, The Project in 3'
http://www.infrarisk-fp7.eu INFRARISK Novel indicators
for identifying critical INFRAstructure at RISK from
Natural Hazards. Extreme, low probability, natura...

youtube.com

Do you know what a critical infrastructure is? - INF..

InfraRisk @InfraRisk - Sep 20

IR Save the date: 29 September 2016.
#INFRARISK final Dissemination
Conference in Madrid (SP)
ow.ly/118a304n5iw #naturalhazards

L o} < 2 92

InfraRisk InfraRisk - Sep 20

IR Do you know what a natural hazard is?
youtu.be/QF6K91kMeq8 #INFRARISK
European Project

Do you know what a natural hazard is? - INFRARISK

http://www.infrarisk-fp7.eu INFRARISK Novel indicators
for identifying critical INFRAstructure at RISK from
4 Natural Hazards. Extreme, low probability, natura...

youtube.com




InfraRisk @InfraRisk - Sep 20
The #INFRARISK project has developed stress tests to establish the
resilience of European Critical Infrastructures bit.ly/1N5ulJy

“ 3 @

InfraRisk (InfraRisk - Sep 20

IR New stress tests will reveal whether critical
infrastructure in Europe isprepared
towithstandextreme #naturalhazards
bit.ly/2cM88Co

“« L3 1 V1 )

£ madrimasd liked your Tweet 15h

15h: Hacia una mejor preparacion de Europa frente a catastrofes
naturales madrimasd.org/informacionidi... via @madrimasd

e

£ madrimasd liked a Tweet you were mentioned in 16h
16h: Hacia una mejor preparacion de Europa frente a catastrofes
naturales @InfraRisk madrimasd.org/informacionidi... via
madrimasd pic.twitter.com/TpLLfOMKoJ

e

Melania Bentué melzbentue  Oct 5 3
_@Europa_TVE recoge el proyecto @InfraRisk youtu be/CkDIjLepG1E 3 afios

de trabajo para mejorar infraestructuras ante catastrofes.

Infrarisk RTVE
o youtube.com
[ ———
« L3 1 ¥
) Gavin & Doherty Geo Retweeted you Oct3
Sep 29: Today, Final Dissemination Conference #Infrarisk Project
welcome @ETH, @GDGeosolutions, @CSIC, @UCL, @SINTEF and
the other partners
GDG
£ Gavin & Doherty Geo liked your Tweet Oct3
Sep 29: Today, Final Dissemination Conference #Infrarisk Project
welcome @ETH, @GDGeosolutions, @CSIC, @UCL, @SINTEF and

the other partners

GDG



=) Europa TVE Retweeted a Tweet you were mentioned in Oct5
Oct 5 Europa_TVE recoge el proyecto @infraRisk
youtu.be/CkDIjLepG1E 3 afios de trabajo para mejorar
infraestructuras ante catastrofes

=) George Tasiopoulos Retweeted a Tweet you were mentioned in 20h
Oct 9: Helping #Europe prepare for when natural ~disaster strikes
cordis.europa.eu/news/rcn/12642 eu_echo @InfraRisk #FP7
pic.twitter.com/aQxGqgizfX

& Intact Retweeted you Sep 29
Sep 27: #Infrarisk Project, Final Dissemination Conference. Madrid
september 29th. you can follow by streaming infrarisk-fp7.eu
Sep 29: #Infrarisk Project. Working at the Final Dissemination
Conference... Nice day! pic.twitter.com/kZ79xSeEWS8

Hide other Retweets

Jesus Rodriguez S. (jesusrod1947 - Sep 26 53
Conferencia final del proyecto INFRARISK en Dragados (29 de septiembre)
con participacion de PTEC. plataformaptec.com/ver-noticia.ph...

“~ t‘ 1 ' eee

B} INDAGANDO TV follows

Melania Bentué melzbentue  Sep 22 3
El proyecto Infrarisk estudia la seguridad de infraestructuras ante desastres
naturales. Este video habla de infraestructuras criticas.

InfraRisk @InfraRisk

Do you know what a critical infrastructure is? - INFRARISK European
project ow.ly/EKv5304n5GV #naturaldisasters

“ 3 @

£ London Prepared liked your Tweet Sep 21
Sep 21: Do you know what a critical infrastructure is? - INFRARISK
European project ow.ly/EKv5304n5GV #naturaldisasters



& InMemoriam Retweeted you
Sep 20: Save the date: 29 September 2016. #INFRARISK final
Dissemination Conference in Madrid (SP) ow.ly/118a304n5iw
naturalhazards

1 other Retweet

Melania Bentué  melzbentue  Sep 20
#DesastresNaturales

InfraRisk @InfraRisk

The #INFRARISK project has developed stress tests to establish the
resilience of European Critical Infrastructures bit.ly/1N5ully

“ 3 v

£ InMemoriam liked your Tweet
Sep 20: New stress tests will reveal whether critical infrastructure in
Europe isprepared towithstandextreme #naturalhazards
bit.ly/2cM88Co

«« INDAGANDO TV indagandoTV Sep 19 2
Nuevos test estrés permitiran saber si infraestructuras criticas
Europeas estan preparadas ante desastres naturales

Nuevos test de estrés permitiran saber si las infra...

En la ultima década, 80.000 personas han muerto en
Europa y se han producido pérdidas econémicas por
valor de 95 billones dé euros como consecuencia de

ndagando tv

< 3 L4

INDAGANDO TV (indagandoTV - Sep 4 5%
Cambio #climatico y su impacto en todo el mundo,acciones de
#UnionEuropea en nuestro nuevo programa de tv #AB_Bilg

Cambio climatico y su impacto en todo el mundo -...

La lucha contra el cambio climatico es una de las
CROSS - prioridades de la Union Europea. La UE destinara hasta
el 2020 el 20% de su presupuesto en acciones relac...

ab-bilgi.indagando.tv

=t

- t3 @
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