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Document Overview

This document presents the slides from the final Stakeholder Reference Group Workshop
that took place on January 27™, 2022 and which highlighted for the case studies and
associated main results that have been validated as part of the Future proofing strategies
For RESilient transport networks against Extreme Events (FORESEE) project. The document
can be read in a conventional manner but can also be read with a particular focus on
individual presentation. In order to improve efficiency and accessibility, hyperlinks have
been inserted throughout the document which enable the reader to jump from one
presentation to the other. Links are indicated by blue text and underline. To jump from one
section to another simply click on the highlighted text.

Agenda

9:30 Opening and scope of the workshop
Jesus Rodriguez, SRG chairman

9:45 Main results of the FORESEE project
Inaki Beltran, Tecnalia

First Session

Introduction to the validation of FORESEE results
Chair: Erlinda Biescas. Telespazio UK Ltd

10:15 Scope of the work, short description of the infrastructure assets, hazards that have
been considered and how FORESEE results tools are linked to improved resilience. Federico
Di Gennaro, AISCAT and David Garcia- Sanchez, Tecnalia

10:45 Guidelines to measure level of service and resilience and to set target values. Bryan
Adey, ETH Zirich

11:00 Transport Infrastructure Resilience (Design, Operation and Contingency plans).
Concepcién Toribio, Cemosa

Second Session

Improvements on the resilience of transport infrastructures by means of the application
of FORESEE results. Chair: Federico di Gennaro. AISCAT

11:30. A24 highway in Italy. Fabrizio Federici, AISCAT
e Traffic Module
e Fragility Functions, Vulnerability Functions, Decision Support Interpreter
Module
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11:50. A16 highway in Italy. Livia Pardi, Autostrade per ['ltalia S.p.A.
e Virtual Modelling platform and asset failure prediction
e SHM BIM based alerting SAS platform

12:10. Montabliz viaduct in Spain, M2 Antonia Pérez, University of Cantabria and
David Garcia-Sanchez, Tecnalia

e Governance module

¢ Risk mapping tool

12:30. Railway track 6185 in Germany, Sebastian Kantorski, IVE
e Flooding assessment. The effects of flooding to different railway
track components in dependency of the water level
e Command and Control Center

12:50. Tunnels at M-30 ring-road Madrid (Spain), Tobias Hanel, Ferrovial
e Flooding assessment. Novel methodology
e Hybrid data assessment package
e Cybersecurity assessment

13:15 Open discussion

Exchange with transport infrastructure stakeholders (roads, highways, and railways) on the
advantages/disadvantages when applying FORESEE results in their infrastructure networks

Chair: Jesus Rodriguez, SRG chairman

14:00 Closing
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9:30 - Opening and scope of the workshop - Jesus Rodriguez, SRG chairman
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Future proofing strategies FOr RESilient
transport networks against Extreme Events

H2020-MG-7-1-2017: Resilience to extreme (natural and man-made events)

Fimal SR 1 | 3 sIRTE N ET 7 ¥ IR FEFRT

|l | & '.-."\.- -'{l':' "‘:-'\'"-':\.. * 1 w LALLGR «R ALy il ’ 3 | _l’_"' Lokt E SRy

through their application o i
Pl

Col :

Jesiis Rodriguez, SRG chairman

The objective of EU FORESEE project is to
provide cost effective and reliable results to
improve resilience of transport infrastruc-
ture, as the ability to reduce the magnitude
and/or duration of disruptive events.

FORESEE has developed and applied:
* New methodologies

* Technologies

* Tools

* Resilience schemes

www.foreseeproject.eu
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[ntroduction to i't'*:‘- X ( H }h -‘41 JJ . pr u]i-r._‘l
Disruptive events covered in FORESEE
* Earthquakes
* Landslides
*  Hooding
*  Accidents
. * Fires
*  Cyberatrack
" Fag
* Wind
*  Others
L ,w‘l; Wf“{ 1 }H ZE:":-
c.u- ltud;r#l A4 Highway. lealy Case wtudy i1, £l 6 Highway. lealy Case scudy #3. Montabliz Viaduce. Spain

Case study #6. 15th April
suspended Bridge.
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Towards a more resilient transport infrastructure
The FORESEE EU project
(February 22", 2022; 9:30— 13:15 CET)
» Session on Policy and Regulatory Framework
» Sessions on FORESEE results
» Roundtable with railways and road operators

Contact: Jose Diez, ERF (j.diez@erf.be; info@erf.be)

¢ v
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Group of external experts to interact with FORESEE project on
the applicability and impact of the main results, through their
participation in 4 workshops and 4 webinars along the project

Up to now, SRG has 240 contact persons from 90 entities and
22 countries (4 continents)

Today, about 90 SRG contact persons are registered from 60
entities plus 30 FORESEE partners and 2 invited attendees
from DG Move (Rafal Stanecki) and CINEA (Sergio Escriba).

7 -

39 webinar (June 2020) on Algorithms to determine optimal restoration
and risk reduction intervention programs for transportation networks

2" workshop (October 2020) on Adaptation measures for resilient
transport infrastructures. Materials and systems.

4" webinar (January 2021) Measuring the resilience of, and prioritizing
interventions for, road transport systems in practice

3" workshop (March 18", 2021) on Monitoring-based Decision Support
for Resilient Transport Infrastructures

4" workshop (January 27'", 2022) on Evaluation of the FORESEE results
through their application on case studies

: >
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PIARC
- Collaboration with SRG events

o A Foresight session in PIARC 16*" World Winter Service and Road
Resilience Congress on 7-11' February 2022, on Resilience Frameworks
and Metrics for Road Stakeholders with FORESEE participation (ETHZ,
Cemosa)

CEN (through the Spanish CEN member UNE)

o Guidelines for the assessment of resilience of transport infrastructure to
potentially disruptive events. CEN WORKSHOP AGREEMENT CWA
17819

s vl

Presentation of the main FORESEE results and their application
on some cases studies (roads and railways)

During the workshop and after, some feedback on the
advantages/disadvantages when applying FORESEE results will
be kindly requested to the SRG attendees:

o Poll questions will be addressed one by one to all attendees

o All presentations will be uploaded at www.foreseeproject.eu,

o A "guestionnaire” on the applicability and interest of the FORESEE
results will be available and answers are expected before February 11t

10 r-
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09:30 Scope of the workshop. lesus Rodriguez, SRG chairman
09:45 Main FORESEE results. Inaki Beltran, Tecnalia

10:15 Session 1 Introduction to the validation of FORESEE results
Chair: Erlinda Biescas, Telespacio UK

11:15 Break

11:30 Session 2 Improvements on the resilience of transport infrastructures by
means of the application of FORESEE results

Chair: Federico di Gennaro, AISCAT

13:15 Final session. Open discussion with SRG attendees
Chair: Jesus Rodriguez, SRG chairman

14:00 Closing. Rafal Stanecki, DG Move, Sergio Escriba, CINEA

I h-

Back to Agenda
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9:45 - Main results of the FORESEE project

Inaki Beltran, Tecnalia

FORE

PROJECT

Main results of the FORESEE project
27/01/2022

Fundacion Tecnalia Research & [nnovation

10
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Results of the FORESEE projec
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. Guidelines to select resilience and service indicatars set | 2 Algarithm to determine aptimal restoration and risk

target objectives.

Gavernance madule

Risk mapping tool

Wirtual Modelling platform and asset failure prediction
SHM BIM based alerting SA5 platform

Assessment of traditional solutions in drainage and
sustaimable drainage systems in lincar infrastructurcs
Traffic madule

Fragility Functions + Decission Support module.

Mew family of pavements

reduction intervention pragrams
| 3.Hybrid data assessment
| 4. Methodology for the generation of shakemaps from
semicmpirical appracoh
| 5.5HM algortihms
|6 FORESEE toolkit
17.C2. Command and contral
| 8.Design, construction and remediation plans
|9.Operational and maintenance plans
20.Management and contigency plans

ID Smart and integral slope stabilization protection systems 2| .Flooding assesment

| .Floading Methodology

22 results

22 Cybertacck Asessment

FORESEE TOOLKIT

GUIDELINES TO MEASURE
SERVICE AND RESILIENCE

GOVERNANCE MODULE

| TRAFFIC MODULE |

FLOODING
METH I
COMMAND AND
CONTROL
VIRTUAL MODELLING J
FLATFORM, BLOFES -
CYBERATTACK
| s-smM BIM O

4—{mm1'1nrlmm |

| FRACILITY FUNCTIONS + DSS |

1

11
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‘Main results of the FORESEE project

*  The results presented today are the ones that have used real data coming from the Case Seudies and/or adapted specifically for
them.

*  Some results have been aplied to more than one Cls. today we are presenting the most representatives andlor the resules
developed by the speakers.

*  The ather resules have used external databases laboratory and tese daga, athers

I.  Traffic Module 6. Risk mapping tool

2. Fragility Functions, Vulnerabilicy Functions and 7. Flooding assessmet (Fully stochastic Flooding
Decision Support Interpreter Module: Methodalogy, flooding impacts on railway

3. Wirtwal Modelling pladform and asset failure operations)
prediction: 8. Command and Control Center

4. 5HM BIM based alerting 5A5 platform 9. Hybrid data assessment package

5. Governance module 10, Cybersecurity assessment:

Main results of the FORESEE project

TRAFFIC MODULE

»Objective: to develop a multiscenario software script that makes use of
existing traffic simulations, through traditional traffic analysis tools, to
estimate the potential loss of service associated with multiple values of
resilience indicators from them using stochastic algorithms.

+ The aim of the Traffic Module is to allow running several uncertainty
scenario-based simulations, to evaluate the effects of the disruptive event’s
uncertainty over the traffic characteristics.

12
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Main results of the FORESEE project
TRAFFIC MODULE
» The script makes use of a traffic analysis tool called PTVVISUM, with the
purpose of enabling traffic KP| analysis from traffic simulations that can

foresee multiple possible disruptive events with associated uncertainty in
their capacities.

+ The module integrates into the existing traffic tool offering the possibilicy
ta perform Monte Carlo simulations on specific variables.

Main results of the FORESEE project

FRAGILITY FUMNCTIONS, YULNERABILITY FAMCTIONS AMND DECISSIOMN SUFFORT INTERFETER MODAULE

'+ Objective:The principal aim of this tool, in collaboration with the traffic

_.u-_".
g module,is to make available a helpful instrument to the infrastructure
P 4 s Managers and owners in addressing the economic resources in the
Sl achievement of the safety levels required.
> 7

13
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Main results of the FORESEE project
FRAGILITY FUNCTIGNS. VULNERABILITY FUNCTIGNS AND DECISSION SUPPORT INTERPETER MODULE
» The first part of the tool defines the disruption curves of the different

assets of the Transport System, having considered a scenaric in which the
hazard intensity and the Transport System are described.

¢ The Traffic Module outputs are interpreted to define expected losses
caused by natural events, Level of service and Resilience assessment after
and before the event occurrence

sl b Fuisskd gkl iy doierm
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Main results of the FORESEE project
wrtualHude"l"gplaﬂﬂrmaﬂduﬂt {a“um Pmmcﬂﬂ" e
»Objective: to predict potential landslide failures along infrastructure
corridors

Developments are driven by rainfall data and are calibrated based on ground
motion detected by satellites (IN5AR)

****** [~ | Pere Pressure Model.

Infiltrating rainwater leads to increases in pore pressure within seils, This pore pressure
reduces friction in these materials, and thus is a primary driver of slope failure.

! Data driven approach.

i 1
o -

L

Data driven machine learning methed to predict ground metion

14
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S5HM BIM based alerting SAS platlorm

e [ s — [ ]
Fgwre b Sehrma on 5-5HY afporithm

»Objective:to generate RAG alerts over the different elements of a
BIM corresponding to a critical infrastructure and to allow a 3D
visualization of those alerts.

+Different level of alerts are raised in correspondence with the
datasets of motion observed near or on each BIM element

Dynamic site data, which provides the motion observed on the
infrastructure and its surroundings
P3| daca (INSAR), In —situ sensors, Landslide Failure Prediction Model daca

» Static site data.

BIM (geometric + structural information) + structural motion threshalds stated at
the design phase

Mdiﬂ iv‘?%UH’% of The [ ()ibeLL pI(’JJE‘{‘

5HM BIM based alerting SAS plal:lnrm

+All bridges are subject to various internal and external factors which may cause wear or malfunction..
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Main results of the FORESEE project

GOBERMNAMCE MODULE

B e i R »Objective:to provide effective, transparent and automatic decision-

e rma

st hichmmal B bzl | ) making support for infrastructure resilience managers to extreme

B events and even in post-event cases,

o % +Applied in the Decision Making, based on required service and

e A resilience levels

- T »To select the most appropriate design and technical solutions
E - »to select the experts,who can carry out the different contracts
- - needed for the infrastructure.

e Sy . St T Piopossd diett
—— _ [ e Wpdieegper e “weries Y rees lesuie o Devee -_
—— i
Pemp— e el — - A S N e S W e

b . Proposed option shoud ga bo publs coniract. You should create
12 and appond a DRAFT project Case Study 3, Soluiions -
Mloniablir wiadeoi and cotion Soluson 1

Main results of the FORESEE project

GOBERNAMCE MODULE

511 PHASE: EVALLWTTON & DECISIOHN. B2 PHASE: DENIGN
| EAIGH & COMTRUCTION
CHELMEYT BFURLURTIIM K DSCIKIIM PR DECTEION: SOLUTIoNS
MARING CECISION. PREVEDRRS DEAFT ALTERMATIVES DESIGMIR & CORSTRUCTOR
STAEHCLOEE: DESIGHER TS

*‘ . (]
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5.L3 PFHASE: DPERATION & MAINTERAMIL.

S S A R R IELIFERT TEHDER

TPFEHATER
BALE W IELIRHN BPERATINH B HATRTERLNCE
- FTEEESIIE. OEHER | QPERATORS [T
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Main results of the FORESEE project

R R e

| EVALUATION & DECISION DESIGH & COMSTRUCTION 5 QPFERATION & HAINTENANCE

Main results of the FORESEE project
»Objective: Enable large-scale early identification GIS tool of risks to

extreme natural disasters affecting regions with road and railway
infrastructures

»Estimation of potential risks to be used in the early phases of
project design.

» Definition of hazard and risk maps at European level.

17
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Main results of the FORESEE project

RISK MAPPING TOOL

Extreme ewvent Extreme event Total RISK
HAZARDS vonenssiry B RISKS MAP
A Landslides ) 'I‘-"I * . Landslides e
'u"-:, Earthguakes r'“'{‘ l-,.'r-ll., Earthguakes
:.'rr:;, Floods ,."‘-'f:. Floods

Main results of the FORESEE project
FULLY STOCHASTIC FLOODING METHODOLOGY
+Objective: to develop a new methodology to quantify the flooding

hazard,based on a complete and robust statistical characterization of
the climate variables.

+Stochastic generation: Observed time series tend not to be long
enough for a complete description of the variability of natural
processes, and specially, to properly account for the extreme
behavior of the variable of interest.

-"F““_.i'h'n'"-_‘:'ﬁu" sap v jurvd mol i o SELyrar eriar

YA S ey
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Main results of the FORESEE pro

eCl
FULLY STOCHASTIC FLOODING METHODOLOGY

Hizoricad recond
of precipaahon

Streaiim Mezes S P
PEATT parinds

V5

+ ol i classical eathodology wihen re best guality infgem

Flopged mages

Farbom pesscsdn

Main results of the FORESEE project

BRIDGE FLOODING MODELTOOL

» Objective: to provide information of the possible serviceability or
= 68 damage of individual railway track components depending on
different water levels in the form of a small-scale simulation

rldentify measures to improve bridges’ design or to modify the
existing ones

Dkt e Mricyn Plooing boced die g :'-:-l':'ri-uprllr-rh .
—T f === rSimulate water levels affecting railway’s operation

,-. P +Design water-resistant systems {electric)

19
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Main results of the FORESEE project

COMMAND AND CONTROL

» Objective: to detect when new data points lay outside of its
normal behaviour and issue meaningful alerts

» To provide interactive real time visualization and interaction with
the data

+ Ta serve for training purposes of infrastructure managers

Main results of the FORESEE project

HYBRID DATA ASSESSMENT PACKAGE

» Objective: to detect and prognose faults for infrastructure
systems in the face of extreme events, representing hazards using
an interpretable framework

rrelies on information from the system (e.g. bridge, tunnel)
response under such extreme loads

rdefine an object criented framewerk
rrransport infrastructure necwarks as a  syscem of sysoems”

rgeal disgnose & prognose damaging events/faules

20
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Main results of the FORESEFER nroiect

o — graphical models for visualization

— BRIDGE
e | | T g (Floodin Ace. Hervidiny, Temp, Wind ipeed,
Carchiian, Tralfe, Serumic ooee, . Jrok
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Mam results Df the FORESEE pI‘DJECt

HYBRID DATA ASSESSMENT PACKAGE

case study 5 M-30 Madnd Ring Road
Wiswmizing 2 pree within the forest (kept shallow for ifusoration)

case study 5: M-30 Madrid I-Elnr:Hm-:

Diata-driven Diagnosis & Prognoss for Declsion Support
Goal: deracrion of ho-spats under food evens and cpber Mmcls

Target Predicted Qutput fram the RF:
K-hours abead traffic predittion



FORESEE -Future proofing strategies FOr RESilient transport networks against Extreme Events

Main results of the FORESEE p[’OJECT
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case atudy 1: A24 Highway
Simulpicon-based Dagnoss & Progrosis for Decision Suppart
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- ¢ Fraedie deruggs locnon wnd memicp on the
el TR :::I:n.p-l #aruhipiied s, whes thic
i-.-ii ..................................................................... : _[Hw:" Il"" Td k\lh —
M’un requltq of Thf- FORESEE p[‘DJE'CT
HYBRID DATA ASSESSMENT PACKAGE
+Data-driven diagnosis & prognosis for decision support
+ Benefits of an Interpretable Approach:
=Wisual Interprecabilicy and pessibility of connecting rmuliple *Data augmentacion: new use cases may be simulaced and their
olbyects (bridge. tinnel, aoc.) outpur can be used e augment the inital medel input data in

order oo retrain. tune and cweak che existing model.
“Speedy predictions.ie., no nead te re-run waffic medels for
every evenoualicy and wse case *Tracing of roor cause of faules for Diagnestics

“Seamless daca fusion: environrmental daca, craffic daca,
ropography daca, context and incidents daca types can all be

carmbined a8 input featwres o make prediction: on orafiic
eanditian.
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Main results of the FORESEE project
CYBERSECURITY ASSESSMENT

»Objective: To describe the impact on traffic and alternative routes to the Madrid Calle 30 tunnel

system, analysing the socio-economic impact

+ The operational response system, the actions to be taken immediately by the Calle 30 Control
Centre have been detailed to guarantee the safety of users and operators, even in these

circumstances,
; =ls n cyber-actnck che proven reason ef the ool fallure of the
+ Preventive meassres aimed at preventing a cpber-attack Maln Control Center?
Anakysis of che resilience capacity of the facilicies nnd equipmentmanaged by Drees the Cantral C antes - I ar partinl
the Main Contral Centre. . S 3
Dascription of passlble scennrion -ls ehe cyber neenck anly limiced ve nulifying the Conteal
+  Diefinition of applicable systematics to lessen the effects of 2 cyber-attack. Center's ability to operate!
Appreval and inclusion of the system in accordance with current regulnson, -Droses the cybernciackaliow the intruder to operate the
management systems malicioushy?
> 26

Main results of the FORESEE project

rSome Systems considered critical that are managed from the M-30 Ring Road.

+ [External and internal power supply system. S0% posts.

+ Ventilati d air pollticn contral iy ] « Evacuati AP B 7.

+ [Fre fighting system. Aromatic incident detection (&I1D)

+ Lighting system. « Dignalng using Bghte and traffic signalks
+  Emergency signage system. Communications neowork

o STV spstem

It would be desirable to create tools that allow rapid discrimination of the existence of a cyberattack.

23
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First Session (10:00 — 11:15)

Introduction to the validation of FORESEE results

10:15 - Scope of the work, short description of the infrastructure assets, hazards that have

been considered and how FORESEE results tools are linked to improved resilience.

Federico Di Gennaro, AISCAT and David Garcia- Sanchez, Tecnalia

FORE
SEE

Future proofing strategies FOr RESilient
transport networks against Extreme Events

H2020-MG-7-1-2017: Resihence to extreme (natural and man made events)

Federico Di Gennaro, AISCAT
David Garcia- Sanchez, Tecnalia

25
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Calculate Resilience Index & tanget

Identify Tools that will be applied

Describe Tools applcation and
haw it willl be tested

Identify applcable general
indicators and specific indicatars
to assess and wvalidate the tools

Walidation and testing phasa

Caloul resilience Index after the
wse of FORESEE tools

Rasults collection and dalivarable
praductian

w. Tha Eurcpean Commnsion and MNEA, are et mpomibie for snp s that may be mads of the mlommton contined therir FEOJECT

+ SCEMNARIO CARD 8& WALIDATION COMDITIONS

o SCENARIO CARD FOR CASE STUDY #N
o SELECTED FORESEE TOOLS

+ SYSTEM VALIDATION IN CASE STUDY #M BY CASE STUDY LEADER
+ OUTPUTS COMING FROM THE VALIDATION PHASE

« FORESEE IMPACT IM CASE STUDY #M . COMPARIZON WITH CURRENT SITUATION
REGARDING ASSET MANAGEMENT PLANS

+ POTENTIAL IMPROVEMENTS OF THE TOOLKIT AND SOLUTIONS FOR REAL
COMMERCIALISATION

3 b Then prepct has recssed banding frem the Eurcpssn Usons Heroen 2050 ros h and nnowstion programme under grent sgresnent B JEAETE Thi documare
I DT ITIERRS T [T, o IR TN o b IR it rmsseiiols o i A e B i ol M- vk i ity
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Validation Strategy

+ SCENARIO CARD & VALIDATION CONDITIONS - _
Scenario cord provided o detailed averview on
 SCENARIO CARD FOR CASE STUDY #N : d provided a detaile -
« SELECTED FORESEE TOOLS Objective of the Case Study »
Main Hazard Scenarios to be considered
Action in terms of data availability
Selected Tools ta be validated

+ SYSTEM VALIDATIONM IN CASE STUDY #M BY CASE
STUDY LEADER

T

o —
——— et e

e D e et T

o TR e s i S A

Validation Strategy

Deliverable for each case Study contain the main
outcomes reloted to the «\Validations activities:

- Testing the tools

- Rewiewing the results

- Comparison with current procedure/tools

- Assessing the changes in the “level of resilience”

« OUTPUTS COMING FROM THE VALIDATION PHASE

+ FORESEE IMPACT IM CASE STUDY #M . COMPARISON
WITH CURRENT SITUATION REGARDING ASSET
MANAGEMENT PLAMS

* POTENTIAL IMPROVEMENTS OF THE TOOLKIT AND
SOLUTICNS FOR REAL COMMERCIALISATION
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Case Study Overview - Assets

6 Case Study

5 Countries

% Roads & Railways

¥y

FORE
PROIELT]
Case Study Overview - Assets
i I—l Y 11 Y
#1 = Carsou-ToRAND #2 - MapLEs TO Bam
A4 HIGHNAY. A1 Hirway (TEN-T #3 - MonTABLZ ViADUCT
CORRIDOR #5)
PiLoT ResponsisLe: AlS PiLoT ResponsisLe: ASPI PiLoT RESPONSIBLE: UC
AN AN
- -H'll II__.-- zi'\\_l I___.-- -
#4 - RAILWAY TRACK #5 - M30 Ring Roap #6 - 25TH APRIL
6185 (OsssrELDe-BEALIN Mapro SusPENDED BRIDGE -
SPANDAU) - Lisean
PILOT RESPOMSIELE: |VE PooT RespanseLe: FERR PILGT RESPONMSIBLE: P FORE
; .‘-k_ A - J:8 mmeSEE
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' ~
Case Study Overview - Assets 1 G
e e e I " TH ML o= TS
A24 Highway (from 52 km to 73 km) is a strategic and HIGHWAY.
barycentric road system that connects Rome to the Adriatic
Sea. The motorway plays a vital role in supporting the .
maobility of production activities, communications, commerce, . TLQT--R?_MNEIELE' i -
tourism and social and economic development throughout "™ ﬂ
the country. s v
|._.1 .(' . - I.?"--.L \
NN
.J’ | -"-I .
L :_|
- -I_;[.-"l
- FORE
X
i ~
Case Study Overview - Assets 1l G
e lll G i it N T ™Y
The A24, especially its montaneous section in winter, is Hishwar.
particularly prone to bad weather with sudden snowstorms,
strong winds, fog and ice. \_ Puot ResponsiaLe: AlS

The motorway has been selected as the focus of the first
R FORESEE case study due to the frequent earthquakes,
extreme weather condition

=  TRAFFIC MODULE
*  FRAGILITY FUNCTIONS, VULNERABILITY FUNCTIONS

AND DECISION SUPPORT INTERPRETER MODLULE

P8O ECT]
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i ; ki
: i j ' ; i i ' : j i ' #2 - NapLEs To Barl
The A16 highway ("Motorway of the Two Seas”) runs from A16 HiHway [TEN-T CORRIDOR
Naples to Bari along the TEN-T Corridor 5. #5)

It plays a crucial role in the mobility of production and \_  PuotResronsiBLE: ASPI

commercial activities across southern ltaly, thus contributing
to the social and economic development of the country.

It plays a crucial role in the mobility
=~ of production and commercial
activities across southern Italy, thus
contributing to the social and
economic development of the
country.

FORE

| % ' i % i W IFa" | TP maaTi I I

#2 - MNarLes Tao Bagri

Ale Hishway [TEM-T corriDoR
#5)

% PiLoT RESPOMSIBLE: ASPI

S

Focus on the section between km. 97-99, where 3 bridges were considered.

Specific hazard (i.e. high seismic hazard zone)

HAZARD s .
and extreme weather conditions (i.e. snow).

Virtual Modelling platform and asset failure
prediction SHM BIM based alerting SAS

I

~SEE
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# T
.
: . &

This case study (C5) focuses on the risks of strong winds IR * M NUOWET
and snowfall on a section of the A-67 motorway
(Reinosa - Los Corrales de Buelna) including the 9 PiLot ResponsigLe: UC
Montabliz Viaduct, to evaluate, through the FORESEE -
Tools

The case study of Montabliz Viaduct has been studied in two different
scenarios, corresponding to two phases of the life cycle.

+ Design & Construction, D phase, definition of the design
resilient to the specific hazards, wind and snowfall.

« Operation & Maintenance, M phase, definition of flood zones on
the A-67 motorway, for avenues with different return pericds.

Strong winds and
cnowfall on a section of
the A-67 motorway

= Risk Mapping
*  Governance Module
*  Flooding Methodology

P
I
t .
T
#3 - MonTasuz Viapucr

PiLoT REsPOmsIBLE: UIC
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r' N
Case Study Overview - Assets - ﬁ

#4 - RAILWAY TRACK 6185

This case study (CS) focusses on flooding hazards on {OepisFELDE-BERLIN SPanDAL) —
railway tracks on the German railway track no. 6185 PiLOT RESPONSIBLE: IVE
between Oebisfelde and Berlin-Spandau, which is part N o
of the high-speed railway (HSR) Hannover — Berlin (HB).
T
Tk i .
ﬁ Hmﬂ“;}] The approx. 150 kilometres long track section
* i between Oebisfelde (km 267,9) and Berlin-
{_ - E Spandau (km 112,7) is built as ballastless track
G 4 with a maximum speed up to 250 km/h.
Gen 3 I-H‘x
— fere
14 "'- PG oIECT]
i ™
i I
Case Study Overview - Assets
Due to former flooding events (especially the Elbe Flood in #4 - RAILWAY TRACK 6185
B 9 ( Y : t.'E (OeBISFELDE-BERLIN SPaNDAL) —
June 2013), there are data available regarding risks and
damages caused by flooding. As a result of the Elbe flood Pilor Responicmae: (/R

% o

in June 2013, the Haemerten bridge and an approximately
5 km long track section near Schoenhausen were closed
due to flooding.

Severe flooding events in
that zone

*  Bridge Flooding Model
= Command and Control
Center
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—_—
(T = = W BT T i ¥ =" TIFr=XT"T ' e =l = I———
LASPE 'c“_?.rﬂ'.r.éaf’-:: LIVEarviaw - ASSATS
el LAY WL WIL WY Pl o s Lo
J

#5 = M30 Ring Roap MADRID

This case study (CS) will test and validate the FORESEE toolkit (in
the Madrid Calle 30 Ring Road, 5pain) in order to select and

design the best technical solutions for preventive maintenance, \ PRGT RewonsaY FERN y
future maintenance, continency and emergency interventions

and to set up of procedures for events management.

Madrid Calle 30 Ring Road is the most important
and the busiest road infrastructure in Spain. 1.5
million vehicles per day use (part of) the Calle 30,
of which 200,000 vehicles per day make a “full”
journey that covers the use of all tunnels {48 km

in total). EEEHE

]
™ e g ki i aolica ™ v am i s i [ | NP T— l—
i A5 B2 '-}cl'}%:‘:"-_: L IWVarvieilw = ASCSiPTS
WwllJdh LMY WFYLI WVILYY g T P ] wey S
J

#5 = M30 RinvG Roao MaDrID

Three different scenarios for three different hazards have been
studied specifically in the section of the tunnels that are located
in the southwest part of the M30 ring road. L. PRoT REFonsinle FERR )

1. Man-made events including cyberattack
2. Flooding and other extreme events derived from raining in the valley

3. Fire inside the tunnels

Flooding, fire and
cyberattack

= Cyberattack assessment
*  Flooding methodology
+  Traffic module
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»
Case Study Overview — Assets - @

#6 - 25™ ApRIL SUSPENDED

The 25th April suspension bridge is a multimodal rail and BRIDGE - LisBaN

road megastructure that connects the city of Lisbon to the Pl REsponisintes iP

municipality of Almada. The bridge has been selected as the \_ o
sixth case study for the FORESEE project due to its location
in a region of significant seismic activity.

The upper deck carries six car lanes while the
lower deck carries an electrified double track
railway.

FORE

PEDIRCT

i ™
Case Study Overview — Assets - @

#6 - 25™ AppiL SUSPENDED

This case study focusses on earthquake hazards on the 25" BRIDGE - LISBOM

April suspension bridge to evaluate, test and wvalidate, Bl PEspaplaatEs IR

through the FORESEE Tools, the project outcomes regarding \_ o
risk assessment.

The primary hazard considered as a threat to this
HAZARD structure is an earthquake. Also man-made hazards
such as rail accidents

Virtual Modelling platform and asset failure
prediction
SHM BIM based alerting S5AS

FORE

PEDIRELCT
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Case Study Overview — FORESEE Tools
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Case Study Overview — FORESEE Tools
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10:45 - Guidelines to measure level of service and resilience and to set target values.

Bryan Adey, ETH Zirich

FORESEE: Processes and methods to define metrics and

targets of levels of service, risk and resilience
H2020-MG-7-1-2017: Resilience to extreme [natural and man made events)

H

Guidelines to measure level of service

and resilience and to set target values
i = - e ..

e - 4 £

rp——
- a - =

Presented on 27.01.2022 by Prof. Dr. Bryan T. Adey, = =
Head of the Infrastructure Management Group, ETHZ =05 =
m—— o 208 - iy DO

B b g e gl e 1

Reszilient cranspert infrastructure

Consistont assessments of the resiience of transport
infrascructure

Consistent appraisals of resilience enhancing projects

Allacadion of resilience funds to muamize resilience
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*  With a changing climate, decision .
makers need to have a
systematic way to evaluate the
resilience of transport systems,
whether they are roads, rails,
inland water ways or
combinations of these

This requires systematic assessments for the systemi(s) being
assessed that have
*  clear definitions of the systemis) being considered,
+  clear definitions of the service being provided, and
*  consistent assessment of the intervention costs and
reductions in service expected if potentially disruptive
events ooour

*  With these systematic assessments, decision makers can devise astress testsy that should be
used in the assessments so they obtain clarity on

*  the resilience of the system(s),

*  the parts of the system(s) that are leading to a lower than desired resilience,
*  the parts of the system(s) that could be improved to improve resilience, and

+  the resilience targets to be set.

» v

-

*  Report |.] Guideline to measure levels
of service provided by, and resilience
of, transpart infrastructure

*  Report |.2 Guideline to set the target
levels of service provided, by and
resilience of, transport infrastructure

= CENCLCMVWYS 018 "Assessment of the
resilience of transport infrastructure to
potentially disruptive events”®

‘o

FORE
SEE
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Definitions

r Service is defined as

+  Resilience is defined as

¢+ the ability to perform an activity in a » the ability to continue to provide service if
certain way. a hazard event occurs.
¢+ Service, with this definition, can be ¢+ Resilience, with this definition, is operationalised,
operationalised, for example, as the ability to using
transport from A to B, +  each measure of service deemed relevancin order te
goods and persans within 2 specific amount of dme, and assess how service is being affected, and

goods withour being damaged and persons without being +  the cost of che interventions required to ensure chat che

hurt er lesing cheir lives.

Illustration

Lising the measure of service
expected yearly cumulative
travel time, of infrastructure
enabling the transport of
goods and persons from A (o
B for a scenaric, where a
single hazard event occurs and
the infrastructure is restored
50 that it provides that same
level of service as it did before
the hazard event

infrastructure cnoe again provides and adequate service.

o W - "% (.'_':.
of resilience
Feductian in =rekce in the sheark phass Faduction in sersice inthe recossry phos Fromideil s e vl bt

vE e BT

Temsl B

md imngrtics seat

= [epschad tranel Hrg par unk times = Enp el trnss ] 1ive: pevuratneie = Esfarenes brmes | times
hiig e sboihs phsse diding te Fedi iy p e v i e
| | IS
Eupached
P | Evpedted lived e =fare Espeted
e | liree Bt | - Ermael Hirng
BEgining of the deuplise el il na e
H: riu'u:h 3 | / diguphies sk vy e’ |
u
&l II _." | it II! rectarshion
e / e —— | s .
| _.- .
| s ik d trvel Hme
dirirg e ok ion
Fupachad = ==
Ermealtime
dunrgtla | o | — - T —— —————
dnuplie Foapeschasd Erme el tHims imim s inks by Falloes in g this
syt || cisrupdiee etk and afthe dwt of redorstion
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[llustration of resilience

e o o T b SO g, oy 2 S LR GO Inbarea nifan cads ettt s
thes mbaa b p hoves: thes ra<oe arsy phovs DA Sl
= Enpexied pmaresmen s S = En pendXen] plEle eflien (035 inlkl = Reldiris BRaad elion il
I_Fs“"g DE[E:”KIQMH;E Df it oma dunng the sherh phses tirres o ring thes recovery phass P U T
infrastructure enabling the
tramsport of goods and
- —_— e
persons from A to B for a i e — P—
= d = il s Ll & e b e Tl ik
scenario, where a single I b e X vt Andmupaes neameae
L} Lot || o overd e A || mearal
hazard event occurs and the = kst | | ratioraeion | remreicn
= i
infrastructure is restorad 5o § ! =
- . q
that it provides that same i
level of service as it did before Eqpexten Expectad et vertion
sriarmnn | O o L T S
th': Bevent | eemduneg | | BEEEERERRRRRRSEY
thes demipmie |
- 1 Exp=scizd miietverfion codta aminediitaly Tdlanmg
. L 1 rh & clion pries svend el o dhie aaar of regorn o
L
L] 1 ] L] i L] L) T 1] p 1 11 12 11 H 1= 1 17 1= (L -1 -1 | B - Pt

T

Steps to measure resilience

I.  Define transport system Improvement to
2. Measure service i _ 4m St s
*  Define service 3 mfrastriscrure
*  Determine how to measure service £
*  Measure service -
3. Measure resilience E b _
*  |dentify relevant parts of transport system 3 i o

* Determine how to measure resilience h resilience possibleby

*  Measure resilience directly using lost EhpifG changing the

service and intervention costs L
*  Measure resilience using indicators 1 A0 400000 GOOO000 AIOOGD L0000
* Estimate percentage of fulfilment of intaramtion custs o]

ili indicato " :
resiience indicators Results of resilience measured using transport systems

parts, differentiabed weights and intervention costs,

E .- ....... ........... ............. .......... ...... e T I:T
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Steps to measure resilience

I. Define transport system Improvement to
i T wsercre | T
T R changing the
*  Define service P LT
*  Determine how to measure service Z
ol
e TP B : I
© Lnewammment
3. Measure resilience £
= |dentify relevant parts of transport system T
ﬁr_ i PD y 2 I oveinent 1o
»  Determine how to measure resilicnce resiliene passilisby
»  Measure resilience directly using lost DuEANOT . ' changing the
service and intervention costs &
»  Measure resilience using indicators f A 1000 1 5a0m 20
= Estimate percentage of fulfilment of Tew| tima oasts 161

ili indicat = )
resilience indicators Results of resilience measured using transport systems

parts, differentiated weights and travel time costs,

FORE

Definition

Target is defined as

A level of service or resilience thar stakeholders consider acceptable and for which they are
willing to take due actions,

The choice of target, and target setting method, depends on, among other things
s the specific problem o be addressed
*  the time frame at disposition
*  the expertise available
*  the availability of data, and
*  how the level of service and resilience are measured,

FORE
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[llustration of possible targets

Feibad o i #rdos o the sloaorh plee P cectien in mrviss in Bheracesary phess Presdid mrvies witheuk
A hF g eend

Using the measure of service By i kO e b e = Refoxiet ireel bme
travel time showing the
various types of targets, i.e.
maximum decrease in service, B —
shape of decrease in service, 3 i \ Serdefesordion Urie Al rearea
shape of service curve during 3 ! !
restoration, service v
restoration time and total '_' Shage af M
reduction in service, 4 e I serice

Y

Targets can be set for...

Far example, ene can cencencrace anly on the cravel ime measure of

I. Either intervention costs ora service and set a targes for che maximem decrease follewing the beginning
measure of service of the hazard event and the time undil vehicles can ence again travel as

chey could prier to the event.

2. Combinations of intervention

costs and measures of service For example, one can consider intervention costs and the travel time
measure of serviceand seta target for the total incervention and cravel
3 Multiple hazards time coses following the beginning of the hazard evenc.

Far example, one can set the maximem addidonal travel time per weelk

fallewing che beginning of either a 500-year earchquake hazard event or a
500-year flosd event

FORE
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Stepstosettargets =~ 0000

Steps:
Gather all relevant stakeholders

2 Cetermine legal requirements

3 Determine stakeholder requirements
Set targets

The specific method to be used (o set targets, ie,
task 4, depends om:
b how resilience is measured, i.e, using
simulations or indicators, and
¢ whether or not cost-benefit analysis is

used

hiipratwees gadel inoomdprodumaldiasier_nd =610 _e. homl

Example targets for service and resilience

- = Targets per type of target

arget L8 =

sat T travelcime  rescor- irhirwnliu:
reduction  ation time e

Me change in
Mo changes  travel ome
in service givena 100-
year flood

Mar
specified

Largest
requirements  begally legally
allowed

Avwailable

budget will
Restoration  be used fullg Mot Mot

budget inorderco  specified  specified
maximise the
service

Met
specified

specified

Under the
specified

restoragion —

budget

cch : I "
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Example targets for indicators

Inds z Lagal | Possible Benefit /| Met
select the resilience indicators for o rag. valuas 2 Wi > ast Fatio benelit
| - worst - > - =

which targets are to be set

set each target to the lowest value 2 € B000 € 17913 L6 € 4913

possible Condition
of - 3 € 10000 € 10°5035 .05 € 5418
estimate the additicnal costs and ::::‘
benefits of each unit increase in the 4 €100 €10121 1ol € 5539 #
value of each indicator from the 5-best € 12000 € 9900 083 € 3439
lowest legally allowed value [ : : : %
4 est rrutg t_he benefit/cost ra_tiﬂ .lnr Frequency 2 € 10000 € 5800 0B8 €700
each unit increase for each indicator of 2
ieari | € 12000 € 12200 102 L
5. set targets for all indicators basedon "o e «
the estimated benefitcost ratios 4-best €15000 €10244 068  €-3736

=
[ B
ik . T am. .

*  These guidelines help decision makers devise systematic ways to evaluate the resilience of transport
systems, whether they are roads, rails, inland water ways or combinations of these, which include
v clear definitions of the systemi(s) being considered and the service being provided, and
*  comsistent assessment of the intervention costs and reductions in service expected if potentially
disruptive events occur

it
=,
"

= ', e g a
L - ' N = 3 = ik,

= With these systematic assessments, decision makers can then devise wstress tests» to obtain clarity on
+  The resilience of the systemis),
#  The parts of the system(s) thatare leading to a lower than desired resilience,
*  The parts of the systemys) that could be improved to improve resilience, and
*  The resilience targets to be set,

2 e - | =~ e S -
- — ~ FeRE
=5 - —

o 2l = e ey -+ )
— =
- ma— o
et s = e L
2 Sy . .y e e cniien
hﬂ‘mﬁhﬂh-m‘:hhm—l RO g e - 1 L " - _ﬂ m
4 R ST . Lt i i

44



FORESEE -Future proofing strategies FOr RESilient transport networks against Extreme Events

Adey BT, etal, (2021), CEMN/CLCAWS 018 "Guidehnes for the assessmene of the resilience af transpare infrastructure eo
potentially disruptive events”, 83 pages, hetpsifwwwcencenelee eu/meda/ CEN.CEMELEC/ CWAs/Rliewa I T8 1S 2021 pdf.
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management, Infrastructure Asset Management, 8{4), 167-190, DOL |01 680/ pram 20,000 |
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Redondo, M. Aneonio Mali Dz, AL (202 1), Estimating the resilience of, and targets for, a transpore system using expert
apinion, Special lssue: Resilient infrastructure for impraved disaster management, Infrastruecoure Asset Management, B(4),
151208, DOE 10,1680/ jinam. 20.00029.
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levels of service and resfience in infrastructure, Deliverable 1.1, ELY Grant number 769373, pages 84 pages. DOLE
10392 % ethz-b-0004037398,

Kiglhawser. C., Mareani, C. Adey, BT. (2019). Guideline to set targer levels of service to be provided by and resilience of.
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11:00 - Transport Infrastructure Resilience (Design, Operation and Contingency plans).

Concepcién Toribio, Cemosa

FORE
SEE

(PROJECT

Future proofing strategies FOr RESilient
transport networks against Extreme Events

H2020-MG-7-1-2017: Reshence to extreme (natural and man-made evenis)

I [ransport Intrastructure Resilience

Concepcion Toribio Diaz

- cem sa
F@RE
Table of Content SEE

Introduction: Transport Infrastructure Resilience
FORESEE Resilience Framework

¥ Criticality Assessment

»  Resilience Assessment

¥ Classification of measures to build resilience

¢+ Methodology for prioritizing resilience-enhancing measures

Conclusions
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Introduction

Transport Infrastructure Resilience

¢+ Resilience as defined in Foresee project: “the ability to continue to provide service if a hazard
event occurs” (Adey B, 2019).

v+ Four principal strategic components:

BrrORE EvenT r DURSMG BVENT * ATTER EVEMT
b [ ROBUSTHESS ] q [ RESOURCEFULMNESS ] = l RAPID RECOVERY |
..-"'"ﬂ Thir ahifity tn abmeets shocks The ahifty 40 manage a The ahifty $0 get back 1o
and keep operating derahitian a5 it unfedds mormal as quickly o possble 1
!
ol
ADAPTABILITY / LESSONS LEARMED \r"f

The obifity to0 obsors new fessons ofter o dsoster

F_RE
SEE

FORESEE Resilience Framework

¢ : | | System [ Infrastructure Definition
; 3""':‘.'::_"""" 1-":'*"“:"":;*"\" i EENIEN DM
]
= ]
= f =
% “'_‘:"‘":“ o cmmmomor | o s e o SR P i Hﬂﬂrd D-Eﬁlllﬁﬂ-l’l
i ] ke b T R CSARTRITL AT
¢ : P
D || | o e [ et o — * | Resilience Assessment
[ [Ty —"
£ | ;
A -w--\.l-:-\.v-w -
E. i:‘ e MR DR Eill':;.
g4
I L s
Ba— i . i slanl el . b bty 'I‘. I]ﬁ'illcatvi'ﬂ." of measures
r:.u.q.'\. g ':::nl.r'-:m | & ey -l g e c
7 -
a " , ] =
= M [EIT Bl =l o ] &
| [ |y o | S Selection of optimal intervention
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2 . FO®RE
Criticality Assessment SEE
=aosecT]

Infrastructure definition: Criticality Assessment

» ‘Criticality’ as a measure of the consequences associated with the loss/degradation of the
infrastructure or the service it provides.

»  Criticality Assessment Tool:

CRPEALITY Tk AE F FLUEE

¥ Assess the criticality of transport infrastructure in a
cansistent manner.

ALRET | WATTH

¢ Provide a recommendation on the appropriate m

categorization of the transport infrastructure

% : ;_ CEL CPTALTEIAGLL JNE

portfalio of the infrastructure owner/operator. o i = PO
TN I vl TNisars |
* Identify those assets most critical to the functioning R | sramien £ . emwma——
- o TiF | gty
of the SDI?IEIZ}' and thus to tailor performance and S A TR —
recovery times. e I PP i

0 e s

R e g s g
cem sa

Criticality Assessment

FORESEE Criticality Assessment Procedure Crédeality Asteasment S S—

Tool
4 criteria are analyzed:

H CRI: Operational and economic relevance (Score: | -5).
.ﬁ'l:_ CRZ: Access to critical infrastructures (Score; 1-5),
G’.-E- CR3: Access to essential service (Score: [-5).

‘}.e“f CR4 Presence and suitability of alternative routes (Score: |-5). - ! S== =
| | owoarsmmet
v - [ =
CIR N | e | "y

Crigicality Category &
L as e e ([

[ Wital

[Fh el A0S W EHRTUL MRS [
1. Majer [ [
M. Significan: S — e
I, Marmal g L=
d cem sa
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Criticality Assessment

Resilience Performance Objectives — Resilience Curve

Once the 'Cr‘lticalltr 'Cat_%ﬂr}r' haz basn dEﬁl’l‘Ed, RESIE RS PERFR MARLE DAICTRTS

Resilience Performance Objectives are set in
terms of:

¥ Performance Levels

Resilience Clrve
¢ Recovery Time I—/

Resilience Performance Objectives are evaluated
at three hazard levels:

* FRoutine event

Criticality Assessment

FORESEE Criticality Assessment Procedure - Owarview

SRS B
: CRI T i FERFEAMANCE OBIECTIVES FOR R
'__"“L LACH IAZARD LEWTL
F Oy e} _". F T
. " 1 3 X r ’ i
CRY b PIEFORHANTT THEFE 118

S LEVELS RECOVER
"\_ =) Hazssl Level: Deigin
- -
" -
Haasnd Lavel: Dutrems
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Resilience Assessm

FORESEE Resilience Evaluation:
v Using Traffic Simulations

v Using Indicators

1. Resilience Indicators

2. Resilience-principles
Performance Indicators

Global Performance Index fer aach
redilience principle s aboained.

F_RE
SEE

ent

Srore system:
Q@ ot relared

Resilience Indicators | slgghtly related
4 2rehted

3 haghly related

RESILIEMCE PRIMCIPLES 5CORE

(WA 1T

REFILIEMCE INDICATOR

BT AT O DS CRARTION

m Age Fage ol replacement of the wainng s psban 1 ] k]
m Condiern stale ol infrnlrclre presssl 1 L] 1
m Fradbibty of talding o emporary siemative route for vehicies 1 J 4 SR

CASE STI0Y 83: RAILWAT THALK B185 (RIS ELDE - BEFLIN S a0 |

GLOBALRES RICHCE OF THE 595 TOA | Curveervs Stmnsa

DD I I

P T -nlnml £ B DAY
ndtq 3""'

F®RE

Classification of measures to build resilience SEE

v So far, tools and procedures described focus on defining

the transport system and assessing its

v However, the different actions to be

infrastructure should alse be analysed from a resilience e e

perspective,

+  FORESEE provides a methodology o systematically
identify, categorize, and assess measures in terms of their
contribution to the resiliemce. This procedure facilitates
the evaluation and comparison of different alternatives,

resilience.

carried out on the
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Classification of measures to build resilience EEEHE
m CLASSIFICATION OF MEASURES
Eight categories have been defined for the classification of measuresfinterventions:
Phase: Flanning & design Phage: u,u.-'v ar Phase: sl

ROBLET

RESILIEMT DESKGM MOMITORING | |(MAINTEMNANCE | EMERGENCY LEGISLATION
CONSTR. STRATEGY & MM AGEM, MANAGEM. -
REGULATION
- h o

DESIGM
FORESEE Toods: FRESEE Tools FRELEE Tools
¥ Imiperavied permizable nsphalt ¥ SHIM BIM based alerting 3A5 platform. E G5 Rk Analysis platfarm.
pavement for extreme conditions. ' Algorithm to determine optimal * Shakemaps mechadalegy.
Mew shope stabilization systems. PESTSCALION pragrams X Hibrid Diata Asvessmentfor
¢ Adnpration scratepies tewnrds 505, ¢ Commandand Control Center diagnosi & propredls.
W » &3 b
d | cem sa
FoRE
Classification of measures to build resilience SEE
O
EF) ReSILIENCE PERFORMANCE EE) resiLiENcE sTAGE

Each measure iz related to the phase of

Each measure is analysed from a resilience el i wlich Ther ar sl

perspective; the contribution of the
measure to each of the resilience

principle is analysed: PROACTICN Al o rude put the possibility of

T nia s ——
RESILIENCE PRINCIPLES SCORE
HEASURE | Toe RAPID i v
BEFQRE MM, :l FREPARATION | Airm Lo minemize Lhe vulnersbiliy
SHM RIM Raned slerdivg i s ; | ol themlrastrus ure.
Eipngs 0 . crccssmcssellac s m s o e e e e e e e e
Adapration srabeges e o S— Aim o reduce Lonseguences.
tereeardy SO5 DURIMG RESPOMNSE Support disaster conseguencs
reduction mdb:h:q:p-m'l. Evacuzlion.
Pl flesling methodulogy 444 4 dbd 4 e F a S S elE o P faer g £
Al [0 reSIOTe TRANSPOT
Trathr Moduds + - e + AFTER I:|H.f RECOVERY ﬁ.i'll:'t-l'ilm"w
i. ........................................................................................................................................................
cem sa
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" i F Py F®RE
Classification of measures to build resilience SEE

WA CHARACTERSTICN UFECACLE AESUIERCE 5T AGE FESILITSCT FRIRCIPLE

MEASURE, 0L
- :ll-g'!i'r.lg-r -i
""::_":__“"' T b Loy ﬂ:ﬁ:":_'_::" e | ¥ ¥ . ®
I e b Ly "":_::":_'_::I" A v lw | w | . " ®
e iy | g | g o Lo || # . .
ey Boldigs | G0 e wheira e [ L W W ¥ w ¥ L]
[ Eommiaeige | Doy sbparnet | Bee o S |+ ¢ 0| |n
[ Swvag= deaiyy 3‘::‘:: f::::. L L | L o [ ] E ] L ] L ] !
ey Fwnay= Sy T al b b L o [ ] - a [
B s P B Tarp e o + + < L L " W ] ]
Tmndey Farge Bty oy L bl atl] L b b [ ] - L [ ]
Ewtqaes  Bewrch & Lawriog -:.':::;: haman | ¥ | ¥ | " 5 @
dory [ "L':‘::.'_? | s e W ¥ | e e e e
cem sa
Methodology for prioritizing resilience-enhancing EEEE

measures

Once the resilience of the system has been measured and different types of interventions have
been identified, the next step is to select the optimal intervention to improve the
resilience

Methodology for prioritizing resilience-enhancing interventions

+ Alm of the methodology: To support, at the sorategic level, infrastructure managers and operators in
decision-making processes for ranking resilience enhancing interventions taking inte account initial and
target values of resilience indicators,

r Overview

Bascd on Analytic Hicrarchical Process (AHP) thoory: systematic engincering method transfarming
qualitative analysis into quantitative analysis.

= Based on the construction of a hierarchical model: decision problem becomes hierarchical, and the
complexity is decomposed.

v Result: voctor that shows the weighe of each intervention considered in relation to the resilience of the
system.
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Methodology for prioritizing resilience-enhancing EEERE
measures [FAD . eCT)
HIERARCHICAL MODEL

TOP LEVEL

Overall gogl; to determine the aptimal

interventions in  terms of increased PRIORITY OF INTERVENTION
resiliance.

MIDDLE LEVEL R, indicator . Indicator R. Indicator L Indicator
Criterio that influence the gool and are a B it n
used for evolusting alternatives (hottom

tevel] In this case: Resilience Indicators

BOTTOM LEVEL

Alternatives toochiewe the goal. In this
case; FORESEE Towls to increase the
resilience of the spstem.

FORESEE

Tood m

Methodology for prioritizing resilience-enhancing EEERE
measures TR

Aamilnce Indicaton

[ - b n b b

§ "8 = (R I mn L |8
] [ am [E--) £ HLH am 1
E S e L - [N} G L
] w |ar e |om |12 | o2 |
RESULT 1 EICEE R PRIORITY OF INTERVENTION
5= é 1%} im 1 - L L} el L] (L3
weeight of
Afieineth ], B R
" o r 1
Weight ré il s !
P ) { 7 micator W Rindicaror W 8 indicaror [ . indicator Eiiumemnad
o= L | a B - m E
Weright o - - |
A B i E o e
Procu iz DECISHON
7 & MATRICES

FORESEE

Tool m

{One Decmion Matrix i bt for soch indicator
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FO®RE
SEE
CEENEEED
FORESEE RESILIENCE FRAMEWORK
- ; provides procedures to:

— Assess the criticality of the transport systemn and

\J set resilience goals accordingly.

Assess the resilience of the system using a wide
variety of indicators.

Analyse, define and classify potential interventions

Ay from a resilience perspective.
F S F
Rank interventions in terms of increased
E!__._ HERLENLNL - resilience.
= panaaa
* cem sa

FORE
SEE

Cancepeidn Toribis

H2020 FORESEE Projece

GRACIRS % (e

AR'GATO;;;“ v O'u Milaga (SPAIN) 2009
:i COZAMARSHITA : A cem Sa

BoLZiN MERCI

d

Back to Agenda
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Second Session

(11:30-1:00)

Improvements on the resilience of transport infrastructures by means of the application
of FORESEE results

Asset  Length [m]

Bridge_ |
Bridge 2
Bridge 3
Brudge 4
Bridge 5
Bridge &
Bridge 7
Bridge_8
Ersdpe_3
Bridge 10
Bridge 11
Bridge 12
Bridpe 13
Tunned_|
Tunned_Z

Tunned_3

11:30. A24 highway in Italy:

Fabrizio Federici, AISCAT

FORE

SEE

PROJECT

Iuture proofing strategies FOr RESilient transport networks against Extreme

Events - CASE STUDY #1 - A24 H

IGHWAY (Carsoli-Torano) - ITALY

248
&0
FEF
389
| 860

Most important road linking Rome to
Adriatic Sea

Essential infrastructure for the
transport of goods

Starting from  complex  urban
environment, passing through
Appennini

Carsoli-Torano: N. 13 bridges, n.3
tunnels, AADT 10.705 vehicles.
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+ Earthquake: Seismic zone with several events in the last
decades

+ Heavy snow: is particularly prone to bad weather with
sudden storms, strong winds, fog and ice. Snow chains on

board or show tyres from 15 MNovember to 15 April are
mandatory.

MMM CHAHACTERIRTICS

Ml EASURE 7 TC0L
CATEGORY LOCAT N

Traffic Maduie

Tragiiey 3 By Nt iar and
N dan Sugpart Mosiule

Fragility and Vulnerability
Analysis Tool

‘ Traffic Module Tool

Lrsnpoion Fianctions Decision Support Model
= (DSM) Tool

:|'-ra.|.'|‘|:-|.l\.|.' Rr.'a.l.'q'\'.'n
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A24 Highway (Carsoli-Torano) — Fragility Functions, Vulnerability
Funf‘rmn% dnc: Df‘li'“]'?ntﬁt'] ‘*“:-uppmt I'-.':lnclulf‘

Dhjll:lhn The prl.n:lpal aim -n‘f 1:I1|5 'DQ-DI, i crnl.ub-nratlun wn:l1 tl1= u'aI!u: r|1|:|rl|.ﬂe = to rmlke a heh!'ul imstrsmeent mllable to I:I1=
Eure and o n addressing the economic resowrces in the achievwement of the safety levels required.

The main chjectrees of the two main comporents of the tool ane:

The Fraglity snd Vilnerability Analyses Toal for the defnition of the Dissuption events caused by different hazard scenasno
Dacislon Support Systam Tood with the aim of the Losses and Resilience Assesomant of the Transport Infrastructurs system

O} Systesm Charactenzation  Layout description, Asmt and
1) Mazard Characterization | mp ana irataon of the s —
i 2] Asset description | o fimrnion, mechancal =
3 Wulnerability Anahyss B0 Fragity and
4) Consequence Anabysis , - pr—
5] Risk Analysic B | » [ —
| T = [+ 1

| o A = [t Ty
'.- g e s b st et g g3 e e e g s OO | o LS e

A24 Highway (Carsoli-Torano) - Fragility Functions, Vulnerability
Functions — Application to CS# 1

Fupae 11 MTARD DLW .
|:. Systarn Charsctarization | " ——
il &
{
|1. Hazard depcription ] goe
ill 1
' |s,rr-ﬂ‘|wnnmm ] .
e -
v |I~.F|uturltl:mtlnru | R L
[ = aa ) - E— e — - — — -
. |!.Hli|th.unﬂﬂ!m | I ——— e —
? = — [T - . LT
. |E.EI-:t Lossas | e I —T : mom
= = = A el
! e [ W |
= = g e
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ﬁ T e
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A24 Highway (Carsoli-Torano) - Fragility Functions, Vulnerability

Functions — Application to CS#1

: |:|.. Sywtarn Charsctersation |

Fapw S LDAS CUMNT (LAL) o amet W 1 = Bewigm

: |1.murdﬂm‘iﬁm

' | 3, Fragility Analyses

+ |-I..Flu'mrlﬂnntl.lw

ae [

. | 5. Risk Quantification

Fagars % F0 Loas Deirbatasy b Asst & L @ Bndgs

: |&E-'lel'uluu

o
e

e 10
e b aaen
-

. | 7. Vulnerabiity Curves

]
mhar 4 e
— e

- A0 et

3 | 8. Loss Curves

2 1] 1 1]
et Lot B BT |

Fapre J70 VULMEFASRLITY POt TRl for Auset " § o naigs

A24 Highway (Carsoli-Torano) — Decision Support Module — Application

to CS#1]

Objective: to guarantee an instrument that helps Infrastricture Managers about dsruptive hazards impacting effects on their

nfrastruchures.

v W v
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A24 Highway (Carsoli-Torano) - TRAFFIC MODULE: CS#1 Application

»  The module uses as input data the Combined Annual Probabilicy

[CAF) for the Capacity Loss —t e | ——
i . l r £
Cafee - [ i viniLonn,) 1 bide l Y i
i L o e f;

+  Bazed on thizs value, the loss of road capacity (weh/h) has been
estimated considering the number of lanes in the road.

+  From the capacity loss occurrence data, the average values of . e
2 s z s Taisle 18, Arew urcler the cures (AUT]
capacity less in each infrastructure and period after the event have - s nsist e
i Bridge [ WAL -FLHLETS Beddge T I MR A0S
been abtained. pilvaiiin e piapie g _T_ W1 A
» It possible to use the area under the capacity loss curve as an :: :;:: ;::m ;::: ::E;;
indicacor of the inverse of the resilience. Bevign 51V ot ey} H T
Bt b W w1 e im el € W o
n aln 3 e [ =8 181 175 & L =, LHL WD
#  The bigger the area, the less resilient the infrastructure is. Bridge 4 W PR .,.".",.._,_m [
vl ot L 43350850 Tumawl 3 WL Bl L
v The smaller the area the more resilient it is. Ny LI e 6,150 350 Tuasal_3_PW AT
frdipge 10 W EER IR Tuomasl 7 W LR
1 $ i 1 ol Bridgn_§ W 45201805 Tumwl_1_IW BLL ]
i h will al ol riariti L ! 3 g3 Wi 3,350 580 Tesasl § P AVLEF
g1 0W 41,357,580

b - | : ; I I .'

A24 Highway (Carsoli-Torano) - TRAFFIC MODULE: CS5#1 Application

¢ Tool Cutputs:The traffic volume (traffic Volume and Speed s > ——

per network link) and travel time results between the R
madel ranes. :

¢ The table show an example of the results of travel times
between OD pairs.

Table 19, Travel time and STD per 0-0 pairs

| P | TS o L - £ Moo o | | e |
| L] LR Wi | AR | WA | MY | e S | s TR | N
L] LR S | AR | G | JECIE | MG WS | SR a7 | EGTE
e L] LR N | e | R MR | AW e | SN iR | ET
| Preesd wemi L] LR TR | | X | R | JUEE | B | T AR | O
- L8 D | R | R | R | MW PR | RN | N2 | AW
| L L5 TR | O | WA | A | | N | TR | T |
L. (51 ek | ol | oo | Gepkd | A | B | e salld | WA
I [] Ao EiM | Eem | GOm | ars | & TEET | aEW | mwr | e |
| § L33 aug ] LF- L] L] LIl L A R | e
L} L =5 aus e LR % ] mar o =1} TR LS
| . W - B Gt | e | B | o FEIE B | BER | AwE | asE
o L] (8 -3 e acen LR L2 ram EL ] i 11 e
£ [T T | et | e oaum | eew | awe | aua
" exy  omma | aex | maw | oo | mma aom | paw  mmd | aom

v
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A24 Highway (Carsoli-Torano) - TRAFFIC MODULE: Benefits

Make use of existing Traffic models simulations by odding the capacity of generating statistical outbuts
related to uncertainty input parameters:

v Why is this interesting? Because currently traffic madels are only used to create deterministic seenarios.

b What added value does it provide? It provides a better understanding of the effeces an traffic of uncertain disruptive
events. Therefore allowing to compare cthe benefits of different scracegies that have che potential to improve the resfience,

b Are there any drmrbucksfdfﬂ'nrfties’ Yes, there are many (that is why it is not implemented yet in comercial platforms). For
exarmple: the compumational time is high if the model i comples. che algorichm needs to run inside a Traflic Simulation Tool
{which fer us s FTY VISUM) to be more optimal.

p - - : ; ; I J .' I

A24 Highway (Carsoli-Torano) — Performance and Resilience Indicators
for the applied framework

Vs b s P v " 11 g

» Risk Quantification ** Robustness "

#  Dhrect Losses =+ Robustness £ i

¢ Indirect Losses = Redundancy/Resources im "

r  Level of Service = 4-R ] r
0

¢ Resilience Assessment at the asset Level -
= Rapidity/Robustness

»  Resilionce Asscssment at the system Level
= 4-R

* - -. I I J .- |
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Real case scenario

-

=  Census of damages E mmﬂmmm

= PMeasure to ensures the access . TS IEE' RE
{'1’““5"::*“”‘“ * Firms10

= Time

+ Firms 10 “‘F ﬁww:'

= M. af workers: B0 (swerage) :

*  Persannelof 5dP: 70 d_F_,-' b ,-"

Foresee application scenario (hypothesis)

Uhie & mashed/exiended etwork Lo snsure

Y

Restaration af viahdiy an

Uhe masimam emergency v bality | Trafic
Mol
Resilienee Assessmentat the asset and
network Level

Labs

Directiindirect Losyess

Rizsk Quantfication

*  Exrimabde redisction to ensiere

the BCCERS T EMCTRENCY
SRR

Tiree: § days - 20030%

Firms: 10 -20030%

M, of workers: il javerage] -30750%
Perzannel of S0P 70 - 2000305

bacirhy the: carriageway
v Time: 3 weeks 2014000
= Fireng: 10 =10/200%
* B, o workers: B average)
T

Prerscrree! of 5P 5018/ 18%
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d
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11:50. A16 highway in Italy: Livia Pardi, Autostrade per I'ltalia S.p.A.

FORE
SEE

PROIJECT

Future proofing strategies FOr RESilient
transport networks against Extreme Events

H20Z20-MG-7-1-2017: Resilience to extreme (natural and man made events)

Livia Pardi,Autostrade per I'ltalia

Case Study (CS#2): A16

Al & from Naples to Candela (Bari) ’

TEM-T Core Network Corridor n. 5
Scandinavian—Mediterranean.

Area m'.resugated km 80-110

Erldges
b prescre
0
P '"'\ el - an . i 1
. o i e [ . 5|mpl-|.- supporeed
E Length .E = Age
i ey 1= I -
I-\. -
- I TR =i e = - 7
:r— ..-_ ..-_ T ] -

Bl ot ol #‘a‘!s’fe‘;f ;P’ # f_&i RE
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Specitic risk: landslides |

* Mountainous region, subject to landslides, earthquakes, snow
and heavy traffic.

“ Major event in 2005 at km. 122:

GiSdased rinh iy pletform i
prioriteed Fasled stefasset risk saps b ety

« Traffic variations observed in the period due to re-routing, Hir e St i el iy

The "extreme” event (owtsde the chosen aren of Interest) used (o Inorenss the comprehension of all the relevant elements oF fectors affecting the specific
event A 00 e the ibl | et aetions to be undertaken

Deita Trom paper Martesd C, Adey BT, Robles | &t 8l Erimating the resfliencs of. and targets FoF, & aniport System Ullng Expert opnlen. ba)
Agget Managemient, heepaldal.ergll 0. | SB00]i ke 1000029 SEE

Choice of FORESEE tools

FORE

P EOIECT]
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How can the resilience of a network be modified to
counteract the loss of service following a hazard!

How can specified levels of service be provided during and 1 2
following the occurrence of extreme events? =

Application of the procedures and models described in
the guidelines on C5#2:

FORE

ek b

T 70k
Dresipn & Construction  Operation & Maintenance Li-rfriruchurs
ETH Lz Erriranrenl
Landshide, L Landshide Lllh'gl:ul.'a.:‘m
L1 rireitmcise
Rawd, R Raoad ETH LY Erwiranmant
alllllllllllllllllllIIIIIIIIIIIIIIIIIIILIaI?F.?“!“I'Ir;IIIII
Hatianal and Reglonal Matianal and Reglonal 5 e L -
b L
L
1 L
Haly. IT laly IT H-ﬂ
LEDIM 301
Tools to be presented - -
TVUE 311

1.2
-I.I.I
T B 112

" = 113
12,040 cE

Exh N ]

15710 113

113

SO0 TEC Lk |

Applicstion of TI_1 and
T1.1 following svamnt

124 RE
1280 131s
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- -t | i 2 ] e .
Impact on LoS and Resilience
infrastrucrure I — T ——
1.3.2 Condition state of infrastructure Za [—
B
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1
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The presence of & mainoenance SIFategy 2
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HMenswres of resilience for exch indiceror, using the ncousl value of ol indi 3, by inper oo and each melaire of service F.nE
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i

e bebal s
e |----

s L T - [TWEE

Tools to be applied to increase LoS and
Resilience in Operation & Maintenance
as linked to network indicators:
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Application of FORESEE tools

FORE
~SEE

Virtual Modelling Platform and Asset Failure Prediction

To predict potential landslide failures along i jom .
infrastructure corridors (early warning): _ 4 ;

I I
0O IO [denomy wWilrmang ThirciieDIids, CWCoooes | |
ndslide ga trigper or to reach an apprecable veloorty I° | !
P u . | LR Y| ' |
« Rainfall = triggering factor causing an Increase i Wk
hraretitial Blottireg _uhlL..l_H. Bdblaldd ], bbbl il 4

ot Lands“de Pl-aji"-'ti‘.E deEI {alibmte'd on tupﬂmphic T=e ground mrdion term sires frem nearby peinte. Rainfal
information, ground motion data derived from radar e . S
satellites (InSar) and precipitation data derived from

satellites.

+ Model based on historical displacement data. - i [
! ;
1- |

Probabdiay diseletion of abiervnd varsus mssdslled Talera,

Pl darinlchan of Taliras ssoee 31 almiler S sithouph e madel sver peedios

Hallure arly In she e s, N ] EEEHE
10 I-- ' IR
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|dentifying locations that are potentially
hazardous could lead to site inspections
or even to mitigation strategies.

Integration in the FORESEE toolkit undersvay

FORE

Alé: data available in the timeframe covering the period
2012-201%.

Most of the failures predicted to occur before the
observed failure are near the road, where more
information is available, while failures further away from
the road tend to be modelled after the observed event,

Magp of callsated poisds, aonpdde walidation podnic
Calizracicn pointe 2e concancratsd alaeg thi raad.

“AL Taillera”™ maame prediciad filrs within 2 window I35 daye
bafzra ohessresed Talure. Poat fallors poiess concesdrats ac

Expected tmeframe of 25 days having to be updated from  wipsr stsasions tar fram the reas,
subsequent measures in time.

Clase up areas araund read with highsa
Coletoll st 1 | 1 e S et | Bt

direalistive modely for hozerd 2 el 2 S-SR F. nE

Far the purpeaes of velidotion, o persanent manitorsp sysiem hove been el to volidete the
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Overview {_“.r'fh PErimarlicri t monitorin g SYS5 tem

Real time acquisition rate, fundamental for alerts i . ff:f::“»;
purposes,to complement the rate of acquisition of InSAR. | PRt Lints
It contributes to anchor to the ground the wide satellite e
images.
o {ontneous monitoring of significant peints both en the soructures ! it
and in the nearby landslide area. | i
o A GN3ES receiver/ancenna is of the dual-freguency type for the
menitering of water vapowr (correlated oo rainfall). _
o Thermemeeric probe to measure the cemperacure wicth respect te iy
different conditions of selar radiaticn
o Sysvermn inscalled on owo bridges in the area of interasc -
T Gl o ed T F I E— o A———m - - - o

LI

®

5 R

L
k

e
I o

Rl
Nl

I
1

-

To generate RAG alerts over the
different elements of a BIM
corresponding to a critical
infrastructure.

« Comparison of motion thresholds and
motion observed along time for each BIM
element.

« 3D visualization of the alerts along the
critical infrastructure.

Planned: Refinement of alerts thresholds

A

" To be kept in service beyond end of the project. n—

IM BIM based alerting SAS Platform

1
wiv dada -

Fhide
b I s e L

P e Rl

142 s | — |mas Adares]
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ppht‘tllon to L % U ; 7’] & ‘i*!;

s 'i-—i*
Lt ot
 Focus:km. 97-99 based on the results of the project. i\ e

B
< Match of satellite data with ground benchmarks, for
Doy, aseending. Bt West and

model calibration. versiesl mean veboaity between Kim. $7.59
< Long time observations available. \\\
< Integration of 2 GMNS5 permanent monitoring O
systems. =
< Results confirm what is known in ASPI: Comparison of e cumulative displacement
a darikcation ef Tandalids W = d by the ke A9E+R0 12 and aix

b PSg froew ol PS] analyele. Ths seale i in the B
MNoted: slight rain-displacement correlation. S ik e iy o s g .

East and nagative valusl s mavieg Waee

o

T,

$-3HM platform integrated in the Internet-based FORESEE Toolkit

SEE
15 "- ' R o ECT]

e m—

/!-l:dnn-nllhl.ﬂlﬂ wnad zewr the

e area of intarset in Cass Study 01

Farmasant monipssring

== == =_j_ { Theorctical valus
It.ﬂ“ = vl comitrol poamds
7 L. for tex bridge
- Cre amer ,IMﬂ v

L- LT - T LT )
C - - L T
Thessatsad ranps of valackies aver the Bighways and T W —— A —— . ) ] |
Pl— T T —rm T — e — T ol T
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Georeferenced  represencacion of  the  territory  and
infrascrecoure

Internet based applicagion.

Integration of different sources of data. with different rates of
acguisician,

Structural pearnetrical rmadel (infrasorecoere and its elemanes)

Alerts chresholds based on scructural considerations. for boch
riainoenanoe and emergency SiLaticons.

Alerts chresholds for landslide mogion.

Predictive models

Movements of che pgrownd coupled with infrastrucoure’s
displacerments,

Models were built for both bridges, with GMNSS monitering
Planmed: Refilnement of alerts thresholds

e

- CI N

FORESEE TOOLKIT
Module “Alerting SAS Platform™, different

available types of measures and alerts.

Week 9-15 Jan. 2022

[] # W - =

Plonned: Refinement of alerts thresholds
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Expected impact after application

Idrasiruciure

.
==

S he

.

¥

]

[ ]

]

|

[ a

=s i

Lnsiranment

s R R iy
R bR e e
e tha i o R TS S

S el o o] - B

L.

o ] e bl - bttt

O 3 I O BT e S RO B WA
.

In the hypothesis of a major event
impacting an the infrastructure (data from
WP} as a result of the application of the
propesed tocls

no accidents as = resule of the

application of the alersing pladform

Will FORESEE results
improve your management?

FORE
- SEE
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e
"
=
.

management -

Guideline to measwre Levels Comglianoe with reguladons:  Cammaon

of Service and resilience in Guidelines far the parameters with

Infrastructures. Management of Risk, the FORESEE approach.
Evaluation of  Scructural

Guidefine to et target levels

Safecy and che Monitoring of

g Bridges (ITA-2000)

of service and ce for  Exl
infrastructures l
Tool for povermance o

undersmand which actions o
ke and where @ Imprave
service and reduce negative

Impnct.
Civerall olats of faen: ol ol 4 di . | ol lon, Felabed e 4
different tppis of rish: structural and Toundational, sebemie, landslides, hydraulios.

Esch of them is obtained by analyzing theee Tacters (Pl vulberality, opodure

Impraved landshde forecasting and
hazard management.

Identification of fadure potentiale
and reliable
correlations  between movement
events and their triggering factors.

their mechanisms

Timely warning of potential events
with n pasitee Impactc on mohilicy
and safery.

o,
e

4
1 fpp—d
_—

Re-evaluation of the method
and of thresholds wvalues
after a pericd of chservation
and collection of data from
on-slite monitoring, sacclite
Interferomenry, rainfall data.

Studles in [wogress on

the

instahility of the

netwnrk,

L

Fulolbewed ared mslol. risl approachc
Lewel O:
Leved |
Level ;. Class of amention

Level 3;
Level 4:
Lewed 52 "Bridges of sipnifoant Importance wichin the
meterori, for which o i3 welsl ©0 CRITY UL MRS

hpdrogealogical

d by day of

Failure pones znl
prodicted falure snd day of ohaoved cacecdance  of
the ground eeetion thredseis

Warm  colours ropeesoet falew prodcted by the
myodel ocowvieg after obeerved sxcoedamce of yround
rrretion, whorexy cool eolicwn roprasest prosected fsiure
ocowrimy before ohsorecd growssd motion.

FORE
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[ - a L 1 . 1T | P
% I LA 1A

I e /A
| Wy
Integratisn of ditferent data Development of BIM for  Diferent ppes of sk

FLTE T marthworks should be miegroved In
(embankmentstrenches), the somse pool

BIM me<del of the nfrastructure
and compoenents to be kKept
urder contral.

More refable identification of In parametric form o in
warning thresholds. based on the  preater detad to make it ar

dizplacements that the reliable ax possible, according

infrastructure is able to underge. to a2 realistic  behavior

in the absence of damage’with prediction. abtways for the 30 wiausiztiom of the Mlarteg syicam over one of te
acceptable damage. this  identification  of  reliable Briigen In 9.

increasing  resiience of the warning thresholde Ths BIM In colersd by RAG (Rad-Ambsr-Grass) abart
infrastructure. walan,

Used to program and design % aam e navigabed,

mterventions.

Timely warning of potential
events ‘with a positree impact on

mability and safety. FORE
23 r! M o ——— e B B SEE

—
Integrated internet tool is not available to manage all the
aspects linked to the hydrogeological rish.

The wse of a comprehensive intermet:based toal, covering, different
sowrces of daca and functions, allows an integrated concred “in real tme™
of the infrastructere and its elements boch in terms of mamtenance and
traffic condicions.

The proposed tood could complement the Company's strategy of
digitalization

ARGD woreuill and ing altha
infrautructurs 2o e slamasta, basd on IBM-Maeima

BGE | Aubsdarnds Goophs Barth] spplastion oo o Gaeagle Maps IT plaafarm, This ceolbiol gy male Compary's € d and & ol o
M el d0 associse & wide variely of i 18tinp be D edure, qualicy indisstors F. nE

and gervidarisl san e e akah palns ol fe newark

p- e e e o e e SEE
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Integrated FOREEE Toolkit di

SHHM BIM based alerting SAS
Platfom
Tealkie to compare abserved mation values
: = against threshald falure values and therehy
T creates a capahiliy that issiees alerts hased on
conmparisan

-

Permanent monitoring system

5 Wirtual Modelling Platform

3
| 2
- [WHICH ACTIONS AND WHERE:
Lo Empe ove service and reduce negative impacts of events
fnfrastructurs I O paration
IMPROVE LOS: S | | I I

ta srpure high af sesvice nnd mabilicy

5 vl i : 'SEE

Lidin Fardi

q lgardiigin g de. &
b E HIR0 FORESE raject Parirer
E I

GRACIASI i

Autrairade per [Tala,
¥in A Bergamind S Gl W, Mo, Ky

FORE
26 h- SEE

Back to Agenda
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12:10. Montabliz viaduct in Spain: M2 Antonia Pérez, University of Cantabria and
David Garcia-Sanchez, Tecnalia

FORE

PROJECT

Future proofing strategies FOr RESilient
transport networks against Extreme Events

H2020-MG-7-1-2017: Resilience to extreme (natural and man made events)

The application of FORESEE results: I

M®* Antonia Pérez, Universidad de Cantabria
David Garcia-Sanchez, TECHALIA

CE RESULTS: Montabliz Viaduct

wy
3
=
[re]
=
]
Lo
]
L

RI5K
MAPPING
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FORESEE RESULTS Tool: Risk Mapping

CLURREMTLY

B Expert opimian

ADVANTAGES

' Processing and
chssfication of large
amounts of data

+ 80X abor savings, ac
early phases of dessgn

RESLILTS

[ Risk Map definiclon
for:

WIND

SHOW

' FOTENTIALTO
REACH THE
MARKET

ADVANTAGES FORESEE R

SOULTS Took: Misk Mapping

\Was this typa of analysis made bafore FORESEE? How  Yes, It was Carried out based on historical data and expert anahysis and opinions and for

it waes rreped e ® spacific harards (Le. fire].
How does FORESEE imp the Itxjanalyss Risk Mapping has handled for this infrastructsre a multitude of ewvent data related to
pravicushy mada? naturad hazards, amd has classified and mapped them in a very short ime,

Thee pesailts shtamed by axperts did ol kave the andwer provided by Risk Mapping.

neither in detail {scale], nor in time, nor in guantity of information, nor in speed.
Haow daes this FORESEE result improve your Risk Mapping provides mformation on the risks of the infrastreciure especially in the
Infrastructura’s managemant design phase, such as risk prevention fram the beginning of its conception. From the

rohustness perspectien,

Meverihelass, the output of the tocd will be updated acoooding o inpul dets so the

updateip of the system is continuous.

it wae not made, How does this FORESEE resuit Risk Mapping can alsa be wsed in the exploitation phase to foresee and plan acticns
Imiprava yeur infraatrsctiong's managemant ¥ apsanst risks, in pravention snd smerpency plans. Casy to update and mun.

Wihat cost/redcurce affickancies you axpect thess A0 decrease working hours

tools/results to have cn your day-to-day business? B saving madntenance costs

[eg. 10%-20% decrease in working howrs over the
farst yaar; reduction of maintenance costs |20%-25%],
Return e Irvvastimant [RON = 10-15%, ineraase in
productivity 25-50]

76



FORESEE -Future proofing strategies FOr RESilient transport networks against Extreme Events

FORESEE RESULTS Tool: Governance Module

CLURRENMTLY
Foiremes Wiaslbuty Rl Pipoasd (it
3 Expart apinion el v o Srvmin . oy e oo e =iEm e e | o | e |
ADVAMTAGES e —— - ———— — | |
" Conorod of o e Proposed sption shoud g o puble conlrect. 'You should raets
etrategical regilience i i [E - = arad appand & DRAFT progect Case Study 3, Solutions -
objectives = f:'_“ . - Montablz wiaduct and option Sokaton 1
JC L] Tula -
Odhjectve and [e—— " ':'I :.. ::.
Transparent e - u
decision making S e = ] ]
- - L] - -
processing T B 3
| RF = =
0% labor savings cad - |
RESLILTS -
= -
& T
Pl'b-dl‘:llll'l - i
considering e
resilienoe NpoCty .“
POTEMTIALTO —
REACH THE B
FARKET =

ADVANTAGES FORESEE RESULTS Tool: Governance Module

Wi this type of analysis made before FORESEE? How
H waes maed e ?

Haow doas FORESEE improve the results/analysis
previcusly made?

Haw does this FORESEE result improwve yoier
Infrastructura’s managemant

1§ it was mot made, How does this FORESEE result
Improva your infrastrsctura’s managamant 7

What cost/rescurce efficiencies you expect these
teolsfreauits to have on youwr day-to-day businass?
[@.8. 10%6-20% dacraase |n warking houwr ousr the
first year; reduwction of maintenance costs [20%-25%],
Return on Investment (RO —10-15%, inorease in
productivity 25-30%]

¥es. Ewperts were consulted, but due to the exceptional typology of the infrastrscture, no
experience was available,

Hedpirg im the decmion making of Infrafanagens © faster decmsion making, and comgles
decisions hased on holistic approaches impossible to handle easily.

Governance Module identifies the most suitable solution in objectiee and transparent
way considenn those aspects defined by the Governance strategy of the Infrastrsctune
i & slralegc level,

Dse to the multitude of studies that were carried out, costly in time and money, the
typalogy, which was delined was the most spprogriate, lor ils management against the
hagasds sdentified.

Governance Module saves time and costs, since the decision process has been
artosmatined.

% decrease working hours

90% increase productivity

Back to Agenda

77



FORESEE -Future proofing strategies FOr RESilient transport networks against Extreme Events

12:30. Railway track 6185 in Germany: Sebastian Kantorski, IVE

FORE

PROJECT

transport networks against Extreme Events

HZO0Z0-MG-7-1-2017: Resilicnce to extreme (natural and man made events)

. |\'=||I-u~'r-_'-,' track 5185 in L".-:'-l'*.n,.r._'-; 27.01.2022

I Future proofing strategies FOr RESilient

Dipl.-Ing. Sebastian Kantorski, IVE mbH

i Case Study INTRODUCTION
FORESEE Tools OVERVIEW AND SELECTION PROCESS
Selected Tools DEFINITION, VALIDATION AND COMPARISON
Conclusion

FORE

“SEE
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i Case Study INTRODUCTION

Case Study #4 Introduction
Railway track 6185 in Germany “Numbers, data and facts.”
*  track no. 6185 between P

[

Oebisfelde (2679 km) and T 8
Berlin-Spandau (1127km) = T, * 3
is part of the high-speed r

track Hannover = Bey f e

y N N BRhin{

]

* |50km long ¢ Hannover !
-
» | T0trains and 10,000 ] .
passengers per day o g
*  first German line P ({
:
y

constructed in the 1990s ‘Zl

a5 51a4D track | Dalia '.'.i!--.:.l

Bk

* several bridges that cross I 5
the river Elbe,such as the { ¢

Hasiomiten bridee | - A L)
= h\'n_.-'r et bl [Wikipeda [ CpenStreetMap § mg, derwestenode]
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Case Study #4 Introduction

Railway track 6185 in Germany “Elbe flood 2013."

The Elbe fload in 2013 Is used for %ﬂﬁ'

the FORESEE tools as a g, ‘,f@%
enchmark and practical example == -:'“‘I'K-\k. o

for evaluation and validation: I']:I b ; !
) L
* Data available regarding 1:',1 -""""JF_L-B-’E:rlir?':’
flooding risks and damages & Hannover

o

* Haemerten bridge was <

L
1
closed i
* Due to large-scale deviations, /
delays of one to two hours 7 %

e
occurred W \

. -
* Regular service was not /
resumed until months later in £ 4
November 2013 Lo e P g

e o)

FORESEE Tools OVERVIEW AND SELECTION PROCESS
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2. FORESEE Tool Overview and Selection Process
CS#4 Railway track 6185 in Germany “Scenario Card.”

- Operation & Maintenance

*  Heavy rain, _ ;
Risk of moderate flooding. Risk River Flooding
Transport Railway Way
> SHemglie Mational
+ river flooding, :
risk of fast and intense flooding. Location Germany

2. FORESEE Tool Overview and Selection Process
CS#4 Railway track 6185 in Germany “Tool Selection.”
- Selected FORESEE  Tools (1-6) and the connection with the Key Resilience Indicators (I - 1)

= Of which Included Tools (2 of ) selected for further presentation

Corresponding Selected

R Wnibaari likeatnsn FORESEE tool Tl g

Rrzbence Guideknes to messare Level of Serdce & Realience

Set Tagels

Governanoe Module

[l ] Rk Mapging

Ve oI

Traffic fMockse

Frapibry and' ¥aherahibty Anabyss & Decision Sappert Modale

e
Data

Deefinition of fromework: use coses, sk scenarios and onakess of impoct

[ Dlesipn. constructon and resmediaton plans

1%} 'Epammn:nnd mEhLEnARCE plans

[ Managementand contmpency plans

IrrE
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Case Study INTRODUCTION
FORESEE Toaols OVERVIEW AND SELECTION PROCESS
3 Selected Tools DEFINITION, VALIDATION AND COMPARISON

a) BRIDGE FLOODING MODEL

Conclusion

3a. Selected Tool Definition

Bridge Flooding Model “Requirements.”
— DESCRIPTION | PHASE |

Definition of reguirements

Identify which of the following six defined influences have the potential to
damage the assessed railway track components depending on the water level
that its serviceability is no longer given and it can mo longer be operated

without repair wark: ;
* Undercutting of foundations Life Cycle phase:
» Softening of earthworks Maintenance

* Owverflow of electrical installations

= Effects of faster flowing water

= Positional changes of the superstructure

= Input of foreign substances into railway track components Process phase:
Design of the technical system Before the event

Small-scale CAD model of a railway bridge aver a river with earth dams in
front and behind it and one DN 1000 mm culvert.

Implementation of the outputs
Outputs of the bridge model as CAD-file with visualisation of the water level.

DR floistim humiadon oiasiorSnoymmsemsvperi o g,
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Ja. Selected Tool Definition
Bridge Flooding Model

= CAD-based Bridge Flooding Model:

langitudinal section

“Implementation.”

(full scale)

3a. Selected Tool Definition
Bridge Flooding Model

= CAD-based Bridge Flooding Maodel;

I-c:lrl.gjl udinal section

.

... Implementation.”

(10x height)

.....

=
.

= M_“hﬁ %

visualisation of different model components

HRe

et B, —

A
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3a. Selected Tool Validation . Track no. 6185 at 195 km,
Bridge Flooding Model Haemerten Bridge Flooding.”
™
Water level +5,00 m B Punun  SOK
M U 0%
+ Culverts are W
flooded

* High pressure on

the dam body

Ja. Selected Tool Validation . Track no. 6185 at 195 km,
Bridge Flooding Model Haemerten Bridge Flooding.”

X

Water level +7.50 m UKB Planun  SOK

(design flood level, I na E %—E-—-._._h

old 100 year return — —“ﬁq P
period flood) " : : T

* The Bridge itself is
not affected in the
model. the railway
trackin frontof — — — — — — - . — — — — — — — —
and behind the dam
is flooded

*  Wery high
pressure on the
dam body

Fliel gewasser i
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3a. Selected Tool Validation L Track no. 6185 at 195 km,
Bridge Flooding Model Haemerten Bridge Flooding.”

Water level +11,75 m " =
(peak wave of the '
Elbe flood in 2013
had levels between
+7 m and +10 m)

Wasssrsfand

= Al areas of planum
are flooded

*  Structural
damage for the

Fligfigewasser
dam

= Mo railway
operations
possible

s

Ja. Selected Tool Validation o Track no. 6185 at 195 km,
Bridge Flooding Model Haemerten Bridge Flooding.”

11.06.2013 o e '
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3Ja. Selected Tool Comparison
Bridge Flooding Model “Improvement versus before.”

ACTUALY | CURRENT TOOLS FORESEETOOL

Design flood according to v Water level dependent
guidelines assessment of usability

historically based but possibly ~ ®"'?E° ' Updatable and adaptable
outdated design parameters Fl;‘:’:"';g simulation model
ode

Use of equipment standards v Track component related

depending on track category improvement measures

+
“Improvement!"

AL O NN

Case Study INTRODUCTION

FORESEE Tools OVERVIEW AND SELECTION PROCESS
i Selected Tools DEFINITION, VALIDATION AND COMPARISON
by COMMANDAND CONTROL CENTER

Conclusion

IE ’ Thie propect has recersed funding inco the Eurcpssn Urion®s Herioon 1000 resssrch snd nncsation programme under greni sgresrsane Mo 763375 This decumant
AP i P i Yo b cophinc A s oy il I I - Pl gmaaiill o i A e il ol . B by - i Ml
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3b. Selected Tool Definition

Command and Control Center “Requirements.”
—— DESCRIPTION ___PHASE |

Command
and
Control

Center

Definition of requirements

Situation Awareness

Organizing big data of hazard events and summarize it, so that a

human operator can handle it.

Anomaly / Qutlier Detection: Life Cycle phase:

Finding potentially dangerous outliers and anomalies from the Operation
normal state in Big Data of hazard events,

Design of the technical system
Software application based on an individual model and its data for Process phase:

each Case Study by using machine learning technigues in

neural ;
D th t
q Hes. uring the aven

Implementation of the ocutputs
Issuing automatized alerts when a situation diverges from the
normal state and potential danger is arising.

3b. Selected Tool Definition
Command and Control Center “Implementation.”

Excel-table as provided by VWSV
(WasserstraBen- und Schiffahrtsverwaltung)

= Input = historic data:

=

OL1L193T LS00

Zeit s
kLt
0L1L1%T  00:3E00 =4

*  Precipitation {yellow stations)
Txt-file as provided by DWD
{Deutschen Wetterdienst)

STATIONS ID:MESS DATUMIOM 89 H1:RS INDWRTR)
124;2006110108; 33 B.8;  @}-905

- Gutiut—'fa dation data:
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3b.

Command and Control Center

=

3b.

Selected Tool Valdidation

Selection of stations, date and time:

* Station:
Magdeburg water level
Wittenberge water level
Magdeburg flow rate
Wittenberge flow rate

*  Date:
12.04.2009

»  Time:

21:15

(WI_M)
(WI_W)
Q_M)
(Q_W)

Outpur:
No anomaly detected!

Selected Tool Valdidation

Command and Control Center

Selection of stations, date and time

* Station:
Magdebur (WVI_I)
Wittenberge water leve (VVI_WV)
Magdeburg (Q_M)
VWittenberge (Q_WV)

g water leve
flow rate
flow rare
* Darte:

0.06.2013
* Time

- P
[N L]
LW

Qutput
Anomaly detected!

“Failure of dam near Haemerten,

AR SanL e

1

Pk 5 dais iseveen ey 000 ard Dac 30100

L Bontl 2009 E
Uiy 01
1 PO T
L
= L} . L] AL 1 -
1 1 1L Ll " ] ™

“Failure of dam near Haemerten,

OBl et

a
-
134 w

Pl e O [l My 008 e O 1A

L4 (TR k] 3

dralynin ody UMb Rivbiols doom  EIC - DN
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4b. Selected Tool Valdidation “Failure of dam near Haemerten,
Command and Control Center 10.06.2013, 00:02.”

3b. Selected Tool Comparison “Improvement
Command and Control Center versus before.”
- Comparison

ACTUALY / CURRENT TOOLS FORESEETOOL

v Automatized alerts

- No comparable tool(s) Cm:r::and v Predictive risk

available! prevention
Control Center

v Al-based hazard analysis

-
: “Improvement!”
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4 Conclusion

4. FORESEE Conclusion “Validation
CS#4 Railway track 6185 in Germany chart.”

TS
Floww chart Precnss phass

Checking | Andysing of -.'h'!;'lll_b.@
m Idenhcabion, Measring and Satting
Leswsd ol Servdoe [LaS), Key Resliende

Indicater (KRI) and Targets (KRT)

[
Wk WY i
0 i
[RIRE ]
Flan Bavlew Tosds

[e=fore=th

N P
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“Net benefit
analysis.”

= The key resilience targets (increase by one stage in each case) can be achieved in CS#4
through the use of the selected FORESEE tools

MET BEMEFIT AMALYSIS C554
90 000

170 000 s
535 000 i ko
G ) -
10 300 KT FL1
500004
Indicuess seaes Mat bamaht -l\.'lR", .
AN
Mzl Aciual’ Tarpai [laMe] 40550
__-_!All_-_' ot deary AN I I8l
R e S 200000
e imal FELE. L
1 O
| Bl | | KR | <RI 11
R el T [ # et beneit dAceuall [1k £) 23007 7 | PRI ] | T TTI
| m st Enest (Targar) [1k %] 408155 | S4mede | SEIS4]
| trerease 5% | 51% [ 55%
7 vl
[y 4
Evaluation and
. o a2
potentials.
D]D;;
nt o = Further
asure Key Resilience Indicators and Targets
e55Ments
el » Further
] port & warning systems
srvmand and Control Center
# Further
aluation, Imp
operati
Review Toals
[flatican]
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12:50. Tunnels at M-30 ring-road Madrid: Tobias Hanel, Ferrovial

FORE

PROJECT

Future proofing strategies FOr RESilient
transport networks against Extreme Events

H2Z020-MG-7-1-2017: Resilience to extreme (natural and man made events)

Tobias Hanel, FERROVIAL

AGENDA
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Thea M-30 orbital motorway circles the central districts of Madrid. It
is 32.5 km long. Its length and the swface surmounded by the M-30 is
comparable to the Boulevard Périphérique of Paris or the London Inner

Ring Road, Lo - .,],, S

The M30 is the busiest Spanish road. It has, at least, three lanes in
each diraction, supplemented in some parts by two or three lane auxiliary
roads, It connects to the main Spanish radial national roads that
start in Madrid. It includes several tunnels under the river
Manzanares.

3 p- e e T g e T e e TN e SEE

The aim of this use case was to implement and prove the
advantages of real amnd accurate predictive maintenance
strategies.

Ei P [ 4]
The case is quite unigue in several aspects g ‘

it offers a big amount of heterogeneous data suitable for
testing the hybrid data fusion approach;

It was the only FORESEE case study that analyses a direct
anthropogenic hazard example, the “hacking tunnel
systems hazard” T
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Hybrid data assessment for diagnosis and prognosis tool

Ei Parda
Novel methodology for flooding events

Cyber-attack assessment

CYBERATTACK ASSESSMENT

& wide range of security hazards generated by humans that can directly or indirectly affect the
infrastructure’s operational, economic and safety parameters.

Hacking events are very different and broad in nature, They use a wide variety of tools and methods to gain
conbrel or have an impact on the normal functionality of their electronically controlled targets.

Best management practices against cyberattack incidents involve an organized Security Operations Center, as
well as their technological infrastructure and tools to defand and protact the infrastructure: firewalls,
antivirus, intrusion detection and prevention systems, etc.

]
The potential consequences range from a purposed malfunction of specific systems, to disruption of the

network contral center, resulting in loss of partial or complets control and visibility of operating systems, rendaring
the operation unsafe, and - in the worst case - causing direct or indirect fatalities.

¢ vl
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CYBERATTACK ASSESSMENT

A thorough analysis of cyberattack hazard event has been performed in
the study case of the M20 highway, based on three criterias:

« Socipeconomical study considering a cyber-attack affecting the
M20 ring road. Impact on traffic and altemative routes.

« Description of the scenarios caused by a cyber-attack on the M30
ring road Control System and its associated respanse,

+ Recommendations and actions to be adopted.

This deep analysis will help the infrastructura manager with the maintenance and operation
activities in the case of cyber-attack affecting the highway

CYBERATTACK ASSESSMENT

L3

Environmental aspects

Environmental pollution because of the circulation of vehiclas »
on the surface, without the corrective factor of the elimination of
harmful gases through the filtering elements in the circulation
tubes, *

Generation of an increase in noise (maore suface traffic)

Social aspects

Decrease in average speed and Increased travel times on "
equivalent journeys, due to lower average speed,

Increased accident risks ac 3 result of tha incrasss in traffic
intensity, possible adverse weather phenomena, and the
composition of traffic,

Increased access times for emergency wvehicles dus to
traffic congestion and complexity,

E -

Damage caused to the management
systemn, and the costs of restitution,

Possible damage caused to the
infrastructure  (such as passible
floeding as a consequence of the
stoppage of the leakage control pumps)

Increase in the economic cost of
travel times

Possible claims from users of the
infrastructure, due to loss of capacity and
collateral damage.

95



FORESEE -Future proofing strategies FOr RESilient transport networks against Extreme Events

CYBERATTACK ASSESSMENT

¥ 1S JAR|D Cd EL i CYBRER-AT TAS

Any intrusion by means of a cyber-attack on the management systems of the Calle 30 Control Centre (provided
that ane of the systems or subsystems considered critical has besn affected) should mean that access to and
evacuation of the tunnel system should be cut off (until the possible scope of the attack is known)

If the cyberattack is executed by experts, it will be carried cut in such a way that it will be difficult to attribute initially the
loss of contral to an attack of this type.

For this reason, the first thing should be to generate tools that allow to rule out other circumstances or failures as
quickly as possible, in order to be able to quickly take the actions to neutralize and reduce the damage
caused.

The possible scenarios detail the severity of the consequences from least to greatest:
+  Is acyberattack the control system failure reason?
Does the Control Center maintain total or partial management capacity?
+  Isthe cyberattack only limiting the Control Center's ability to operate?
Does the cyberattack allow the intruder to maliciously operate management systems?

° Fl

CYBERATTACK ASSESSMENT

" 1 JARID CalkED b YBER-AT TA
BFFECTED EQUIFNENT DETECTIN TEA BEATE SELF- TLOSED
Each of the control systems and FuRcE m “W W Jscess
subsystems has a supervision DEGREDED
equipment associated with it, and “:"'u“
an indicator that assesses the CLOBURE SYRTEM
operation, its contribution to LU P
the overall safety, and the VEHTILATION SYSTEM
. FREFIIATING T
_al:neptahle level of operation ¥ STEWS AND: ECalIPWERT
in the event of degraded ILLLMARETION BFSTEM
—_—— HEHALING SYSTLM
VIDEGSURV DLLANGE. STETEM |
e
B PEPA BVR TR
MALYEE D CONTRO
SWETEM OF FHVROHWENTA
v |FacToRs
p—— cri i EVAUATION MAWAGEMENT
Determination .uf critical famlrt_ies wiEma o RN
affected (Increasing order of severity) | comancanons eoar
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EIRCRAS TG ADEerE

P STANDARDITED BESPONS ROM THE CONTROL CEMT

& breach should brigger the systematic response and decision-making in favor of safety, in which, and in a coordinated
manner, the priority actions are:

*

Prevent access to the affected area and progressively to the entire tunnel length. (40 minutes®)
Evacuation of vehicles that are inside {30 minutes*)

Verification of the origin of the loss af Control.

Diivert traffic to albernative routes. {90 minutes*)

*These are indicalive times, with the premise of loss of communicalions, so bthe nstructions and monfforing of fhe Fisd Tntervention
teams, Loca Police, Frefighters and Health Senvices can only be cardfed owt by telepfons, with the consegquent risk of colapse of Ehe

Main_critical aspects: Detection and identification time, Scope identification, service restitution time
determination

CYBERATTACK ASSESSMENT

g i
¥ f IS T BE

It would be desirable to create tools that allow rapid discrimination of the existence of a cyberattack.

Creating a Safety culture, which implies information and permanent training of the crganization’s participants, creating
an inventory of existing computer security risks and protected devices, protedting passwords, paying attention o
security protocols, or web filtering.

Analysis of the infrastructure control systems and their vulnerability in case of cyber attack event (elemants
such as power supply system, ventilation and air pollution control system, fire fighting system, lighting system, emergency
signage system, CCTV system, 505 posts, evacuation management systems, Automatic incident detection (AID), Signalling
using lights and traffic signals and communications network)

Adaptation of Standard (regulatory framework) and elaboration of Operation Manual that collects all
recommendations and specific measures to be adopted in M-30 Ring Road will be collected.

The suitability of the proposal must be proven, through the execution of a DRILL, in which the scenario is
approximated to the real situation generated by a cyberattack, the results are analyzed, cpportunities for improvement are
provided, and finally the described actions are implemented, without forgetting the need for training and informaticn to the
operators of all its conbent.

N
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HYBRID DATA ASSESSMENT PACKAGE
+  The Hybrid Data Assessment {HDA) tool encompasses a machine learning tool for diagnostics and prognostics of faults
exparienced by critical infrastructure in the face of an acting hazard.

+  The HDA tool aims to support resilient decisions for infrastructure assets, when extreme events occur,
provided measuraments form diverse souwrcas are available. The tool is termed “hybrid” due to its capadty to
incorporate two sources of inputs, namely simulation models and actual monitoring data.

+  The tool is based on two machine learning algorithms: i) Bayesian Networks (BNs) and i) Random Forests
{RFs), which are trained on heterogeneous monitoring data. BMs are used as dassifiers for the purpose of diagnosing
faults or ccourrence of events under extremes. RFs are primarily set up as a tool for regression, ie., prediction of the
value of a Quantity of Interest (Qol) which is critical for driving decisions.

+ In this Case study #5, the tool was tested to predict the evolution of traffic flow and distribution within a network,

particularly in the face of extreme events such as cyber-attack. It works together with the traffic module
presented earlier.

o TRAFFIC SIMULATIONS AFTER A CYBERATTACK EVENT
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v RESLILTS
We see for example that the lowest cost in this case would be achieved by a moderate capacity modification and

imposition of 2 permissible speed limit of 50kmyhr in the affected links, since this is the combination offering the
mast probably outcome for a relatively laower regularized travel time cost (CTT = 43).

(= Far Rewnario HE
i o ETT B0, b b (1, s 50 it bty i EH
i:.
a8 e
Fus
| - . i 8
- = - L] 1 U 5 o " " i E
" . .
- - ]
ak anf
; &
s BT
.
Ly - 1 & ]
i
= CTT b ieblor S ovic WS
amp
" T
a Ghr
W LA MTI RM LA MEI A LE M3 s F.nE

Bt Tirerlunaior 1 L § O & & F =5 & B @©D @O N

t
e

et o armin

16 "- Ek urs (BB OIECT]

99



FORESEE -Future proofing strategies FOr RESilient transport networks against Extreme Events

HYBRID DATA ASSESSMENT PACKAGE

Cnee the model is trained with data-derived information (e.g. SHM/traffic telemetry and more) and possibly
with complementary data from available traffic simulations, it can be used to predict the state of the system

and to visualise the expected congestion under selection of a specific scenario of imposed flow
restrictions (modifications).

*« [Effects on traffic, congestion, in the face of
the adoption of different alternatives,
whether partial total cut-off or reduction In
capaclty

Declslon on the maximum required speed
Incremental travel times.

number of lanes closed. +  Possible impact on alternative routes In the

- i event of diversion
7 v

= Traffic volume

* Closure time (hour)

*  Flow speed at closure

* Location .

*  Mominal speed allowed on the link, as well as the .

HYBRID DATA ASSESSMENT PACKAGE

" COMPARISOMN BETWEEN CURRENT T s AND MNEW TOOD

This kind of study was never applied before. It allows the simulation of the event, introducing the variables of all
the critical alements of tunnel managament.

It gives yvou additional information to value the impact of partially or totally closing some lines or the
whole section of the tunnels.

It allows you to predict how the traffic will be after a hazard and depending on how you manage it.

It provides ohjectivity to decisions, which supports the result for third parties, specially for administrations, From a
technical point of view, it allows you to combine variables and cbtain results directly.

The application of this tool can reduce the time of travel time, the traffic volume at a future time and the
cost of travel time after a hazard event (the impact in terms of cost or ROI is difficult to quantify, but it will surely
hawve an important impact)

FORE

P EOIELT]
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PRGNS MISRORULaGY.

» AREA OF 5TLDY:

The methodology has been applied to the M-30
metonway in Madrid to check its response

against low frequency events at two specific
locations along the Manzanares River:

Upstream of "Puente de Taleda™ (1)
Upstream of Dam NOg, {2)

FLOQLING MEsnODLOOY

*» PROPOSED NOVEL METHODOLOGY (IH Cantabria) > ESTIMATION OF RETURN PERIODS OF FLODDING EVENTS.

1. heurly information on precipitation at the basin's
stations.

2. characterize in detail the hyetograph corresponding ta
the storm events at each station.

3. simultanecusly characterize the comelations between 1':'-;';'5:}'
stations.

4. The stachastic genaratar is calibrated to reproduce the Fyutot ettt o
most important precipitation skatistics at each station :
{mean rainfall, maximum rainfall, event duration, etc.).

Camplsdnm ol Pan baggd
ol 1o wwier Sl o
dfbred b pmriadu
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FLOODING METHODOLOGY

» PROPOSED MOVEL METHODOLOGY (IH Cantabria) = ESTIMATION OF RETURN PERIODS OF FLOODING EVENTS.
et isla
§. The generator is used to produce multiple events ¥ rﬂ?ﬂ

{equivalent to several dacades or centurias of = —
observations). From this database of events, the - e e i e i
most representative events would be selected for ! S
dynamic simulation

6. machine learning methods | statistical) are used to
calculate the flood leval and flow of the remaining
cases.

Kyukal e b b o
meldleris ai

Finzd rimaber
FrCErsitatian e el
wprdwiic eveehs

wia-min cevimidy
CEErALE ey

7. Flood elevation reconstruction for all synthetic events

8. Calculation of the height af the water table for
different return pericds

FLOODING METHODOLOGY

" FIMAL RETLIRM FERICQLD

FAS) ot bank O i gt et
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T Main Qutput: the height of the channel banks
ey Bman by are built for retwn periods greater than the 100-

755G [575sG vear return pericd, therefore the probability of

: a8 Ej: ;: E - pveﬂnppingh@s | return periods, the
T T T ) infrastructure is well designed
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FLOODING METHODOLOGY

The methedology requires more computer resources and computational time than methodologies based on
the design storm, hawever, an accurate and detailed flood study, and a sizing with adequate flow rates
can avoid serious effects on the population during flooding episodes.

The use of a small number of precipitation seres can lead to an underestimation of the maximum flows that cawse
fleading and, in tum, to inadequate sizing; however, the generation of synthetic events by means of copulas makes
it possible to cover the range of possible flows that cause flooding, These flows are higher than those
abtained by means of the usual methodologies, therefore, the obtained draughts would allow sizing
on the safety side.

It also happens that due to the great uncertainty of the usual methodologies, infrastructures are sized with
leww return pericds, This means that in increasingly frequent and more intense episodes caused by climate
change, infrastructures may overflow, giving rise to situations of collective risk.

FORE

FLOODING METHODOLOGY

+ FORESEE flocding tool allows the creation of a better design for the infrastructure considering a new methodology
that is more accurate.

+ Taking into account the hazard of fleoding, this methedelegy is stricter. Therafore, designing the infrastructure
using this novel approach will lead to a more resilient infrastructure.

+ This tool is useful during the design and construction phase. For management purposes, it can give
you decision support if some reconstruction or elevation of the water defences is needed.

« It will highly reduce the maintenance cost if a flooding event bigger than the calculabed during the design phase
is triggered
S
24 "'- RO s T]
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CONCLUSIONS

« Understand the impact of major system disruptions on a critical infrastructure and have Dynamic resilience
schemes based on data.

+ What would happen if there was a cyberattack on M30? Analysis of impact time, behaviour of users
and evolution of alerts.

« Quantify the risk and cost associated with the impact of eventualities on infrastructures

¥ Have an efficient Action Plan and tools for emergencies: mitigation such as a Decision Support Systam,

aptimization aof emergency protecols and Guidelines on standards and recommendations to help make agile
decisions

v Improve awareness, response and recovery time by implementing predictive and real- time tools to gain
back control of the Infrastructure and mitigate consequences for final users

« Understand how toa reduce the impact on Traffic and pessible cutcomes

CONCLUSIONS

¥ T Fi (] RLICT

« This tocls help Ferravial Group, as an end-to-end infrastructure provider, understand and mitigate
possible threats of different nature that can ccour during the whole lifecycle of infrastructures,
from decision and palicy making, funding, design, construction and operation and maintenanca.

+ We will be able to optimize the way we design and build infrastructures to be more efficient, mowving
towards a performance-based risk assessment framewark that will warranty clients and citizens use safer,
resilient and sustainable assets.

0 S e R e
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