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Research on Infrastructure Resilience in a Multi-Risk Context at University College London 3rd UC Lifeline Week – Towards More Resilient Communities Session 2 - European Experience: Overview on End-User Oriented Research



Prof. Dina D’Ayala EPICentre, University College London



3rd UC Lifeline Week, Sapienza University of Rome, April 21st 2015



EPICentre at University College London •  EPICentre was founded in 2007 •  It is a dynamic multidisciplinary research group that investigates risk to society and infrastructure from earthquakes and other natural hazards •  EPICentre research projects adopt a range of methods from the physical sciences, engineering, statistics, remote sensing and social sciences •  Runs the MSc Earthquake Engineering with Disaster Management
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Who is EPICentre? •  The largest earthquake engineering group in the UK •  Currently holds research projects worth approx. £6M •  EPSRC, ERC, EU •  Collaboration with industry:



•  Collaboration with other institutions:
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Our Research Areas •  Risk representation in individuals •  fire and earthquakes



•  Post disaster recovery •  engineering and social, earthquakes, volcanoes



•  Tsunami engineering •  Earthquake performance of the built environment •  engineered and non-engineered structures and infrastructure



•  Heritage conservation engineering



3rd UC Lifeline Week, Sapienza University of Rome, April 21st 2015



Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards"



The FP7 INFRARISK project (2013 – 2016) •  Novel indicators for identifying critical INFRAstructure at RISK from Natural Hazards •  Work Program: 2013 Cooperation Theme 6-Environment (incl. Climate Change) •  Call Topic: Env.2013.6.4-4 Towards stress tests for critical infrastructure against natural hazards •  - Roughan Consortium: & O’Donovan (IR) – Coordinator - ETH Zurich (CH) - Dragados SA (SP) - Gavin & Doherty Geosolutions (IR) - PSCT (NH) - SINTEF (NO) - CSIC (SP) - RCAB (SE) - UCL (UK) - IT Innovation Centre (UK) - PSJ (NH) 3rd UC Lifeline Week, Sapienza University of Rome, April 21st 2015
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Background and objectives •  Preparedness and resilience/vulnerability of society •  Natural hazards on the increase coupled with: •  Increased land occupation •  Eastwards expansion of the EU •  Ageing infrastructure •  Climate Change •  Human activity •  Pan-European Networks



! To develop reliable stress tests to establish the resilience of Critical European Infrastructures to rare low frequency extreme natural hazard events ! To aid decision making in the long term regarding robust infrastructure development and protection of existing infrastructure 3rd UC Lifeline Week, Sapienza University of Rome, April 21st 2015
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Scope •  Infrastructure: •  Road and Rail networks:



TEN-T Road Network



•  Bridges •  Tunnels •  Embankments •  Road pavements •  Railway tracks



•  Hazard types: •  Earthquakes •  Floods •  Landslides



Including triggered/cascading hazards 3rd UC Lifeline Week, Sapienza University of Rome, April 21st 2015



Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards"



Harmonisation



Risk Profiling of Natural Hazards and Infrastructure Single Risk Assessment Space-Time Modelling of Structural Behaviours and Natural Hazards Stress Tests for multi-risk scenarios Implementation Strategy
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Case Study Simulation



Project structure
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Overarching methodology Risk Management Process (ISO 31000:2009)



Source



Hazard



Elemen t



System
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Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards"



Single and Multi Risk Assessment •  Interactions at the HAZARD level Source event (environment state)



Hazard event (loading)



Infrastructure event (impact) ! Generation of cascading hazard events and joint independent hazard events ! Spatial (geographical extent of infrastructure) and temporal (return periods of source events) modelling 3rd UC Lifeline Week, Sapienza University of Rome, April 21st 2015
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Single and Multi Risk Assessment •  Interactions at the EXPOSURE/VULNERABILITY level Structural analysis - Each component has a different susceptibility to each hazard type



Infrastructure object



Distribution of system failure



- Physical damage states are associated to specific functionality measures at Bayesian the modes component level inference



Component fragility curves



System reliability



Bayesian Networks to assess system failure Þ  Inclusion of cascading events and cumulated damage Þ  Harmonization of the impacts of different hazard types (i.e. functionality loss)
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Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards"



From physical damage to functionality loss ! Relation between each component damage state and a set of loss metrics (e.g. functionality loss, restoration time, etc.) , through an expert elicitation process Hazard type 1 Component a



Damage State 1 Damage State 2 …



Hazard type 2



Bridge Infrastructur e



Loss metrics: - Functionality loss - Type of intervention - Cost/Duration of intervention - Functionality loss during intervention



… Component b … Tunnel …



Harmonization of the effects of different hazard types at the consequence level ! Loss metrics are then used to estimate the system performance (e.g. though network/ traffic analysis)
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Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards"



Spatio-temporal models •  Three modelling approaches: •  Support vector machine - To model the risk to infrastructure from hazards and environmental variables, and to identify ‘outliers’ to inform early warning systems •  Network modelling - To identify vulnerability and interdependencies within the network •  Wavelet Analysis – To understand scales of environmental cycles and to model spatial and temporal variability of source and response variables Environment



Spatio-temporal relationships Critical Infrastructure



Natural Hazard
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Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards"



Application to landslide susceptibility assessment •  Case study: landslide susceptibility in Piedmont, Italy (IFFI and SiFRAP inventory) Input Data Environment Variables



Physical infrastructure (road network) Landslide Data



Network analysis (betweenness centrality…)



Criticality of network segments



Learning algorithm (Random Landslide-prone area Forest…) given a set of environmental variables? 3rd UC Lifeline Week, Sapienza University of Rome, April 21st 2015



Novel Indicators for Identifying Critical INFRAstructure at RISK from Natural Hazards"



Agent-Based Models for infrastructure simulation •  Development of an agent-based natural hazard risk analysis approach for Infrastructure systems Database



GIS data Natural Hazards data Infrastructure System data SocialEconomic data Risk Assessment data



Agent Based Platform Natural Hazards Simulator Infrastructure Behaviour Simulator



Extreme natural hazard event scenario Simulations



Earthquake Scenario



Flood Scenario



Multi-Hazard Scenario



Risk mitigation Scenario



Risk AnalysisSensitivity Risk Analysis Module



Spatial Analysis
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Analysis / Uncertainty Analysis
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