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INTRODUCTION TO LIQUEAFCT WORKSHOP

Welcome to LIQUEFACT, a 42 month research project to assess liquefaction
potential across Europe and develop tools to identify and evaluate alternate
mitigation options to improve the resilience of structures / infrastructures and
the communities they support.
Ø Multi-disciplinary project involving engineers, geologists, seismologists, economists, social

scientists, and facilities / built asset managers from 11 universities and industry.

Ø Holistic approach to understanding vulnerability and resilience from a technical and socio-
ecological perspective to develop tools that can be used to quantify / qualify the risks
associated with Earthquake Induced Liquefaction Disaster (EILD) events and develop
business models to support improved community resilience to ELID events.

In this session we will
Ø Provide the background to the LIQUEFACT project.

Ø Present the prototype toolbox that will be made available across Europe and to other
regions of the world that are prone to EILD events.
§ Technical Tools; and
§ Business Tools.

LIQUEFACT is funded through the EU Horizon 2020 DRS Research Action.
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LIQUEFACT TOOLBOX

RESEARCH CHALLENGE: THE LIQUEFACT TOOLBOX

The aim of the project is to develop a more comprehensive and holistic 
understanding of the:
Ø Earthquake soil liquefaction phenomenon across Europe;
Ø Impact that an EILD event could have on the vulnerability and resilience of communities 

across Europe;
Ø Effectiveness of new and existing mitigation techniques to reduce the vulnerability of 

structural and non-structural systems and components to the  effects of a EILD event; 
Ø The business models to support the inclusion of mitigation options in new build and retrofit 

to existing buildings.
The outputs include:
Ø The LIQUEFACT Toolbox

ü Geotechnical tools
ü Business tools
ü Community tools
ü The LRG Software tool
ü Built Asset Management Framework

Ø Use-Case examples of the above
ü CI and buildings
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Whilst there is considerable debate over the precise definitions of terminology 

LIQUEFACT used the UNISDR Definitions. 

Ø Vulnerability: the conditions determined by physical, social, economic and environmental 

factors or processes which increase the susceptibility of an individual, a community, assets 

or systems to the impacts of hazards.

Ø Resilience: the ability of a system, community or society exposed to hazards to resist, 

absorb, accommodate, adapt to, transform and recover from the effects of a hazard in a 

timely and efficient manner, including through the preservation and restoration of its 

essential basic structures and functions through risk management.

Ø Coping Capacity: the ability of people, organistions and systems, using available skills and 

resources, to manage adverse conditions, risk or disasters. 

LIQUEFACT has explored the philosophical relationships between resilience, 

vulnerability and coping capacity to understand how each of these inform 

mitigation decision making at the organisational and community levels.

Ø Engineering resilience (speed of return to original system equilibrium)

Ø Ecological Resilience (degree of disturbance before the system adapts)

See: Deliverable 1.1 - The Challenge to Improve Community Resilience to EILD Events: A Review of Theory

https://zenodo.org/record/1342684#.XVKEekxFxaR

THEORY: VULNERABILITY, RESILIENCE, COPING CAPACITY
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LIQUEFACT reviewed models of community and organisational resilience to 
identify the factors/characteristics that affect resilience to disaster events and 
the modelling methodologies used to convert these into usable metrics.

THEORY: MEASURING RESILIENCE

Resilience Factor 
/ Characteristic 

Indicator / Expectations

Robustness Damage avoidance in lifelines and critical infrastructure (transportation networks, 
residential housing stock, healthcare facilities, communication networks, commercial and 
manufacturing establishments etc.); Continuity of service provision; Continuity of  
functional systems performance; Avoidance of casualties; Avoidance / minimisation of  
losses. 

Redundancy Backup and/or duplicate systems; Backup or access to alternate resources to sustain 
operations (insurance, alternative sites, robust supply chains etc.); Alternative community 
logistics (food, water, power etc.); Untapped resources/contingency budget.

Resourcefulness Access to money; Information; Technology; Human resources; Household emergency 
plans; Business continuity plans; Diagnostic and damage detection systems; Contingency 
plans across stakeholder groups.

Rapidity Disaster preparedness (Organisational capacities, Early warning systems, Contingency 
planning, Emergency response planning, etc.); Reduced time of recovery to return 
systems as close as possible to business as normal.
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Resilience Factor 
/ Characteristic 

Indicator / Expectations

Personal Factors Critical awareness; Self-efficacy; Sense of community; Outcome expectancy (positive or 
negative); Action coping and resource availability; Education and training; Psychological 
preparedness; Empowerment; Social norms; Trust; Personal responsibility; Social 
responsibility; Experience; Resources; Adaptive capacity; Cultural attitudes and 
motivations; Social networks; Property values; Livelihoods; Participation in recovery; 
Volunteering.

Community 
Factors

Collective efficacy; Participation; Commitment; Information exchange; Social support; 
Decision making; Resource availability; Engagement; Leadership; Demographics; Sense of 
community; Community values-cohesion; Collective efficacy; Place attachment; Adaptive 
capacity; Local understanding of risk (Hazard assessment, Vulnerability assessment, 
Impact assessment, Resource management, Mitigation); Counselling services; Health and 
well-being services; Community organisations (e.g. faith based etc.); Employment.

Institutional 
Factors

Empowerment; Trust; Resources; Mechanisms for community problem solving, Adaptive 
capacity, Participation in hazard reduction programmes; Hazard mitigation plans; Zoning 
and building standards; Emergency response plans; Interoperable communications; 
Continuity planning; Municipal finance/revenues.

Governance 
Factors

Policy & Planning; Legal and regulatory systems; Integration across time and scale; 
Leadership; Partnerships; Accountability.

THEORY: MEASURING RESILIENCE
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The review of theory identified Cutter et. al. (2008) Disaster Resilience of 
Place Model (DROP) as a suitable theoretical base for the RAIF. 
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Integrated the Sendai principles and resilience factors into the DROP model to 
develop the Resilience Assessment and Improvement Framework (RAIF). 

Focus: Community and Critical Infrastructure Resilience
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INTEGRATING SENDAI INTO THE DROP MODEL
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Scenario Analysis - Sub-System n (...) Critical Infrastructure Resilience Scorecard 

  
Scenario Analysis - Sub-System 2 (...) Critical Infrastructure Resilience Scorecard 

  
Scenario Analysis - Sub-System 1 (e.g. Healthcare) – Critical Infrastructure Resilience Scorecard

  
Business Continuity and Resilience PlanningHazard and Risk Assessment

Individual Asset C

Individual Asset B

Individual Asset A

Individual Asset C

Individual Asset B

Individual Asset A

Impact Assessment

Antecedent Conditions
Hazard Threat

Is the built asset located 
in an earthquake 

liquefaction zone? 

Hazard Impact
What will the impact 
of an EILD event be 

on the asset?

Level of Risk
What is the level of 

risk of the asset to an 
EILD event?

Loss of Functionality/Performance
Estimate the loss of operational functionality of the asset and the impact this 

will have on operational performance levels

Mitigation Options

Lower Vulnerability
Identify mitigation options that can 

lower the operational vulnerability of 
the asset to an EILD event

Improve Resilience
Identify mitigation options that can 
improve the operational resilience 

of the asset to an EILD event

Improvement Framework

Cost Mitigation Options
Perform a cost/benefit analysis to rank 

the impact of the various options

Prioritise Mitigations
Against the level of improvement 

to overall system performance

Establish the effect of loss of performance of individual assets on the overall 
operational performance of the sub-system. Is this acceptable?

Establish the effect of mitigation options on the operational performance of the 
sub-system. Does this achieve the required improvements? 

Develop A Built Asset Management Plan to Programme 
Mitigation Works

No

No

Yes

No Further Action

Yes

Community
Resilience

RESILIENCE ASSESSMENT AND IMPROVEMENT FRAMEWORK

Deliverable 1.3 – EILD Resilience Assessment and Improvement Framework
https://zenodo.org/record/1342687#.XVKJx0xFxaQ
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Work Package 5 developed 4 tools for the LIQUEFACT Toolbox

LIQUEFACT BUSINESS TOOLS

Cost Benefit Analysis of liquefaction mitigations
Option 1: <description of the option>
Date: 

Key Assumptions:  
Social Discount Rate (r) 3.00%
Appraisal period (years) 50 years

Year (n) 0 1 2 3 4 5 6 ~ 49 50
Discount factor (mid-year) 1.00000 0.95663 0.92877 0.90172 0.87545 0.84995 0.22476

Net Benefits (Benefits - costs) 0 0 0 0 0 0 0

Discounted Benefits 0 0 0 0 0 0 0

Present Value (PV) of benefits 0

Discounted costs 0 0 0 0 0 0 0

Present Value (PV) of costs 0

Net Present Value (NPV)

Benefit cost ratio

Benefit 1 - Reduction of repair and 
reconstruction costs due to 
damages to properties

- - - - - - - -

Benefit 2 - Lives saved - - - - - - - -
Benefit 3 - Injuries avoided or 
reduced

- - - - - - -

Benefit 4 - Loss reduction related 
to emergency services and 
temporary hospitality (if 
applicable)

- - - - - - - -

Benefit 5 -Loss reduction related 
to long term housing/shelter 
provision

Benefit 6 - Reduction of other 
economic, social and business 
interruption losses (eg: reduction 
of crimes, family violance)

- - - - - - - -

Benefit 7 - Reduction in 
environmental losses (if applicable)

- - - - - - - -

Benefit 8 - Reduction in 
environmental losses (if applicable)

- - - - - - - -

Total Benefits (mid-year) 0 0 0 0 0 0 0

Cost 1 - Planning, design and other 
consultations 

- - - - - - - -

Cost 2 - Capital Construction cost - - - - - - - -
Cost 3 - Annual 
service/maintenance cost (if any)

- - - - - - - -

Cost 4 - Major repair and services 
(if any)

- - - - - - - -

Cost 5 - Overhall or complete 
replacement (if relevent)

Cost 6 - Utilities costs (if relevent)
Cost 7 - Disposal cost
 Any other costs (eg: Insurance, 
security provision)

- - - - - - - -

Total Cost (mid-year) 0 0 0 0 0 0 0

BENEFITS ANALYSIS

COST ANALYSIS

Benefits estimated to receive within each year

Costs estimated to incur within each year

A sensityvity analysis should be carried out for this rate

Input the required period of the analysis, typically the term of 
the required services (max 50 years)

Validating against scenarios.
Ø Single Building – Single Site
Ø Multiple Buildings – Single Site
Ø Single Buildings – Multiple Sites
Ø Multiple Buildings – Multiple Sites
Ø Horizontal Infrastructure
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Cost-benefit analysis (CBA) is an option appraisal technique to compare the 
costs and resultant benefits of alternative development / mitigation projects. 
Ø The basic idea of CBA is to identify the costs of undertaking projects and compare these to 

the benefits over time that could accrue from the projects. 
Ø The benefit to cost ratio (B/C) provides a dimensionless indicator that can be used to inform 

the business decisions on whether projects should be funded. 
Ø Where the benefit/cost ratio exceeds one there is a net benefit of investing in the 

solution/policy. 

LIQUEFACT reviewed traditional approaches to CBA and its application in 
disaster loss assessment
Ø Alternative approaches to quantifying costs and benefits associated with tangible and 

intangible impacts.
§ Market approaches, Value approaches, Obsolescence, Revealed preference approaches, Stated 

preference approaches - Willingness to Pay for or Willingness to Accept, Subjective Well-Being 
approach/The Life Satisfaction approaches, etc.

Ø Modelling approaches for disaster mitigation
§ Stochastic models, optimization models, cost premium models, probabilistic models (forward and 

backward looking) etc. 

COST BENEFIT MODELS – DR WANIGARATHNA
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Disaster loss

Economic loss

Damages to property 
(Buildings, contents, 

Vehicles, 
Products/Stock/Crop)

Damages to infrastructure 
and loss of services

Distrucption to businesses

Environmental loss

Damages to habitat and 
eco-systems

Damages to water bodies

Social loss

Deaths and injuries

Increased crimes

Family violance

Etc..

Heritage loss

Damages to Cultural assests

Damages to Historic Assets

Damages to World Heritage 
assets

Step 1
Specify the Nature of the Problem

- Alternative Options
- Who is the Client

Step 2
Determine Direct Costs of 

Mitigation Alternatives

Step 3
Determine Loss to System with and 

without Mitigation

Step 4
Calculate Attractiveness of 

Mitigation Alternatives 

Step 5
Choose Best Alternative by 

Maximising Net present Value

Steps of CBA for disaster 
mitigation. Source: Smith et al. 

(2004).

COST BENEFIT MODELS – DR WANIGARATHNA

The LIQUEFACT CBA assess the losses associated with reduced 
functionality from a business and community perspective.

Nelson, New Zealand, 2nd September 2019QuakeCoRE Annual Meeting



Individual asset level analysis
(Individual buildings, campuses and the like 

belong to individual clients)

Individual asset level analysis
- Site specific hazard analysis 

- Performance analysis (liquefaction-induced 
damage) of individual asset

- Antecedent loss assessment (annualized)
- Identify potential mitigation options

Individual asset level analysis
- Estimate timing and amount of all  the costs 

associated with the procurement, 
maintenance and disposal of each option up 

to the end of the economic life of the 
individual asset

Individual asset level analysis
- (Annualized) reduction of damages to 

individual asset(s) 
- Lives saved, injuries reduced or avoided

- Reduction of other economic, social. heritage 
and environmental losses explained in 

Deliverable 5.3

Individual asset level analysis
- Cost-benefit ratios for various mitigation 

options applied to individual assets

Multi-assets (portfolio) analysis
- (Stock of buildings and infrastructure belong 

to a large client)

Multi-assets (portfolio) analysis
- Regional level hazard analysis 

- Identify vulnerable assets (Building and 
infrastructure stock survey)

- Performance analysis (liquefaction-induced 
damage) of building and infrastructure stock
- Estimated loss assessment for the building 

and infrastructure stock
- Identify potential mitigation options

Multi-assets (portfolio) analysis
- Sum of costs to improve individual asset 

belong to the client. Mitigation options 
decided by the client on individual assets. 

These may include political mitigations as well 
as physical (built asset) mitigations.

Multi-assets (portfolio) analysis
- Sum of reduction of economic, social. 

Heritage and environmental losses estimated 
for individual assets.

- Costs avoided related to emergency services 
and temporary hospitality

-Costs avoided related to long term housing/
shelter provision

Multi-assets (portfolio) analysis- Cost-benefit 
ratios for various mitigation options applied to 

a group of assets

Step 1 – Identify the client

Step 2 – Specify the nature of the problem

Step 3 – Determine timing and direct cost of mitigations (cost analysis)

Step 4 – Determine timing and value of loss avoided with each mitigation (benefit analysis)

Step 5 – Choose best alternatives by maximising net present benefits

Cost Benefit Analysis of liquefaction mitigations
Option 1: <description of the option>
Date: 

Key Assumptions:  
Social Discount Rate (r) 3.00%
Appraisal period (years) 50 years

Year (n) 0 1 2 3 4 5 6 ~ 49 50
Discount factor (mid-year) 1.00000 0.95663 0.92877 0.90172 0.87545 0.84995 0.22476

Net Benefits (Benefits - costs) 0 0 0 0 0 0 0

Discounted Benefits 0 0 0 0 0 0 0

Present Value (PV) of benefits 0

Discounted costs 0 0 0 0 0 0 0

Present Value (PV) of costs 0

Net Present Value (NPV)

Benefit cost ratio

Benefit 1 - Reduction of repair and 
reconstruction costs due to 
damages to properties

- - - - - - - -

Benefit 2 - Lives saved - - - - - - - -
Benefit 3 - Injuries avoided or 
reduced

- - - - - - -

Benefit 4 - Loss reduction related 
to emergency services and 
temporary hospitality (if 
applicable)

- - - - - - - -

Benefit 5 -Loss reduction related 
to long term housing/shelter 
provision

Benefit 6 - Reduction of other 
economic, social and business 
interruption losses (eg: reduction 
of crimes, family violance)

- - - - - - - -

Benefit 7 - Reduction in 
environmental losses (if applicable)

- - - - - - - -

Benefit 8 - Reduction in 
environmental losses (if applicable)

- - - - - - - -

Total Benefits (mid-year) 0 0 0 0 0 0 0

Cost 1 - Planning, design and other 
consultations 

- - - - - - - -

Cost 2 - Capital Construction cost - - - - - - - -
Cost 3 - Annual 
service/maintenance cost (if any)

- - - - - - - -

Cost 4 - Major repair and services 
(if any)

- - - - - - - -

Cost 5 - Overhall or complete 
replacement (if relevent)

Cost 6 - Utilities costs (if relevent)
Cost 7 - Disposal cost
 Any other costs (eg: Insurance, 
security provision)

- - - - - - - -

Total Cost (mid-year) 0 0 0 0 0 0 0

BENEFITS ANALYSIS

COST ANALYSIS

Benefits estimated to receive within each year

Costs estimated to incur within each year

A sensityvity analysis should be carried out for this rate

Input the required period of the analysis, typically the term of 
the required services (max 50 years)

COST BENEFIT MODELS – DR WANIGARATHNA

Deliverable 5.3 Community and Cost Benefit Modelling https://zenodo.org/record/1887957#.XVK-b0xFxaQ .
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The Community Resilience Scorecard has been developed by customising the 

UNISDR 10 Essentials for Making Cities  Resilient Scorecard (UNISRD, 2017).

EILD COMMUNITY RESILIENCE SCORECARD – DR PASCALE
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The UNISDR Disaster Resilience Scorecard for Cities consists of 118 disaster 

resilience evaluation criteria grouped by subject/issue. 

Ø Details of the item being measured. 

Ø A qualitative or quantitative statement of an indicative measurement. 

Ø An indicative measurement scale (from 0 to 5, where 5 is best practice).

Ø Comments to help those applying the item being measured.

A series of individual and group interviews were held with Internal and 

External Stakeholders (academics, researchers, engineers, planners, 

managers) to customise the UN Scorecard for the specific case of EILD events. 

Ø Discover how different groups viewed community resilience to liquefaction and to explore in 

detail why they held certain opinions;

Ø Investigate the use, effectiveness and usefulness of the criteria presented in the UNISDR 

Scorecard in case of an EILD event; and 

Ø Generate additional guidance to score each subject/issue to the case of earthquake induced 

liquefaction.

EILD COMMUNITY RESILIENCE SCORECARD – DR PASCALE
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The interviews were independently analysed by 3 researchers to identify 
Ø Specific guidance to those applying the scorecard to EILD events.

Ø The relevance of the subject/issue to EILD events. 

Ref Subject / 
Issue

Question/ 
Assessment 
Area

Indicative measurement scale Comments Specific Comments for 
Liquefaction

Score Relevance Score

Hazard Assessment
2.1.1 Knowledge 

of hazards 
(also called 
perils, or 
shocks and 
stresses) 
that the city 
faces, and 
their 
likehood

Existence of 
recent,
expert-
reviewed
estimates of
probability 
of known
hazards or 
perils and
their 
extents.

5 – Comprehensive estimates exist, 
were updated in last 3 years and 
reviewed by a 3rd party. “Most 
severe” and “most probable” 
hazards are generally accepted as 
such.
4 – Estimates exist but have minor 
shortcomings in terms of when 
updated, level of review, or level of 
acceptance.
3 – Estimates exist but with more 
significant
shortcomings in terms of when 
updated and level of review or 
acceptance.
2 –
1 –
0 -

Cities need to 
have a view of 
the hazards or 
perils that 
they face –
what specific 
hazards 
(tsunami, 
hurricane, 
earthquake, 
flood, fire 
etc.) exist and 
how severe 
might they 
be? 

In identifying a most 
probable and most 
severe liquefaction 
reference should be 
made to macro-zonation 
and micro-zonation 
maps and liquefaction 
specific diagnostic tools 
should be used to 
identify areas that risk. 
These areas should then 
be examined in more 
detail through the use of 
in-depth tests and 
specialised expertise. 

5 [   ]
4 [   ]
3 [   ]
2 [   ]
1 [   ]
0 [   ]

[  ] High
[  ] Medium High
[  ] Medium
[  ] Medium Low
[  ] Low

LIQUEFACT 
Relevance Score –
High (1.0)

EILD COMMUNITY RESILIENCE SCORECARD – DR PASCALE
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The Customised Scorecard is currently being validated in Emilia Romagna, Italy 
and Marmara, Turkey.

Ø Running workshops with regional/area stakeholders to complete the Scorecard

Ø Expert opinion through AHP to aggregate the scores within each ‘Essential’ and across 
‘Essentials’

Ø Comparing this to a simplified summation approach to identify which is the ‘most 
practicable in real-world situations.

Essential 8 – Improving Critical Infrastructure was considered too simplistic 
and as such a separate CI tool was developed.

Although the final version of the scorecard isn’t yet publicly available we 
would be happy to share the customised scorecard with any research or 
community organisation’s who want to apply it.

Ø Share any finding with us to help us improve the scorecard going forward.

EILD COMMUNITY RESILIENCE SCORECARD – DR PASCALE
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There are a number of research projects examining the factors that affect the 
resilience of critical infrastructure to natural and man-made disaster events. 
Ø Reviewed these projects to identify the theory pertinent to assessing critical infrastructure 

resilience to EILD events.

Ø Explored how to translate the theory into a practical scorecard that is compatible with the 
customised UNISDR Scorecard developed by Dr Pascale. 

Organisation & Management 
Ø Finance
Ø Coordination
Ø Business Planning

Technical Systems
Ø Physical Assets
Ø Infrastructure Services

Operational (service) delivery Systems
Ø Service Design
Ø Service Delivery

CRITICAL INFRASTRUCTURE SCORECARD – DR MORGA
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CRITICAL INFRASTRUCTURE SCORECARD – DR MORGA



CRITICAL INFRASTRUCTURE SCORECARD – DR MORGA

Dimension Sub-
dimension

Indicator Sub-
indicator

Specific metric 
/ question

Measurement scale Comment

Organization & 
Management

Finance Insurance 
guidelines

Does a 
national 
standard or a 
guideline for 
infrastructure 
insurance 
exist?

5- Yes. A standard with a 
minimum premium exist and 
additionally there is state 
control and cover in case of 
insurance fails
4- Yes. A standard with 
indication of the minimum 
premium exists
3- Yes. A standard without 
indication about the premium 
exists
2- Yes. A guideline with 
indication about the premium 
exists
1- Yes. A guideline without 
indication of a premium exists
0- No

Although the final version of the scorecard isn’t yet publicly available we would be happy to 
share the CI scorecard with any research or community organisation’s who want to apply it.
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• The role of built assets is to support the primary function of an organisation 
(its core business) in the most effective and efficient way.

Ø Private Sector – Profit or dividend to shareholders
Ø Public Sector – Value for money

• Built Asset Management is the process by which the performance 
(effectiveness and efficiency) of built assets to support ‘core’ business are 
specified, measured and planned.

BUILT ASSET MANAGEMENT PLANS – PROF. JONES

Identify
Need

Establish
Cause

Develop
Solution

Evaluate
Solution

Performance 
Toolkits

Physical

Social

Environmental

Economic

Analysis
Toolkits

Inquiry

Design

Statistics

Experiential

Modelling
Toolkits

Scenarios

Prioritisation

 Impact Models

Action
Statement

Impact
Toolkits

Performance 

Indicators

Customer/User 

Feedback

Project
Brief

Problem 

Description

Root Cause

Required 

Improvement

CSF’s

Strategic 
Drivers

(Government 

Policy, 

Corporate  

Priorities etc.)

EILD Event BAM Process Model
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Scenario Analysis - Sub-System n (...) Critical Infrastructure Resilience Scorecard 

  
Scenario Analysis - Sub-System 2 (...) Critical Infrastructure Resilience Scorecard 

  
Scenario Analysis - Sub-System 1 (e.g. Healthcare) – Critical Infrastructure Resilience Scorecard

  
Business Continuity and Resilience PlanningHazard and Risk Assessment

Individual Asset C

Individual Asset B

Individual Asset A

Individual Asset C

Individual Asset B

Individual Asset A

Impact Assessment

Antecedent Conditions
Hazard Threat

Is the built asset located 
in an earthquake 

liquefaction zone? 

Hazard Impact
What will the impact 
of an EILD event be 

on the asset?

Level of Risk
What is the level of 

risk of the asset to an 
EILD event?

Loss of Functionality/Performance
Estimate the loss of operational functionality of the asset and the impact this 

will have on operational performance levels

Mitigation Options

Lower Vulnerability
Identify mitigation options that can 

lower the operational vulnerability of 
the asset to an EILD event

Improve Resilience
Identify mitigation options that can 
improve the operational resilience 

of the asset to an EILD event

Improvement Framework

Cost Mitigation Options
Perform a cost/benefit analysis to rank 

the impact of the various options

Prioritise Mitigations
Against the level of improvement 

to overall system performance

Establish the effect of loss of performance of individual assets on the overall 
operational performance of the sub-system. Is this acceptable?

Establish the effect of mitigation options on the operational performance of the 
sub-system. Does this achieve the required improvements? 

Develop A Built Asset Management Plan to Programme 
Mitigation Works

No

No

Yes

No Further Action

Yes

Community
Resilience

Individual asset level analysis
(Individual buildings, campuses and the like 

belong to individual clients)

Individual asset level analysis
- Site specific hazard analysis 

- Performance analysis (liquefaction-induced 
damage) of individual asset

- Antecedent loss assessment (annualized)
- Identify potential mitigation options

Individual asset level analysis
- Estimate timing and amount of all  the costs 

associated with the procurement, 
maintenance and disposal of each option up 

to the end of the economic life of the 
individual asset

Individual asset level analysis
- (Annualized) reduction of damages to 

individual asset(s) 
- Lives saved, injuries reduced or avoided

- Reduction of other economic, social. heritage 
and environmental losses explained in 

Deliverable 5.3

Individual asset level analysis
- Cost-benefit ratios for various mitigation 

options applied to individual assets

Multi-assets (portfolio) analysis
- (Stock of buildings and infrastructure belong 

to a large client)

Multi-assets (portfolio) analysis
- Regional level hazard analysis 

- Identify vulnerable assets (Building and 
infrastructure stock survey)

- Performance analysis (liquefaction-induced 
damage) of building and infrastructure stock
- Estimated loss assessment for the building 

and infrastructure stock
- Identify potential mitigation options

Multi-assets (portfolio) analysis
- Sum of costs to improve individual asset 

belong to the client. Mitigation options 
decided by the client on individual assets. 

These may include political mitigations as well 
as physical (built asset) mitigations.

Multi-assets (portfolio) analysis
- Sum of reduction of economic, social. 

Heritage and environmental losses estimated 
for individual assets.

- Costs avoided related to emergency services 
and temporary hospitality

-Costs avoided related to long term housing/
shelter provision

Multi-assets (portfolio) analysis- Cost-benefit 
ratios for various mitigation options applied to 

a group of assets

Step 1 – Identify the client

Step 2 – Specify the nature of the problem

Step 3 – Determine timing and direct cost of mitigations (cost analysis)

Step 4 – Determine timing and value of loss avoided with each mitigation (benefit analysis)

Step 5 – Choose best alternatives by maximising net present benefits
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BUILT ASSET MANAGEMENT PLANNING – PROF JONES

Step Task

1 Set the strategic goals and operational objectives  for the plan

2 Identify the built assets that are susceptibility to EILD events

3 Assess level of risk for each susceptible built asset 

4 Estimate the damage profile of each susceptible built asset

5 Estimate loss of functionality/performance of each built asset

6 Estimate the effect of loss of performance on organisation and community resilience

7 Identify technical and operational mitigation options 

8 Perform a CBA to shortlist a range of possible interventions (vulnerability and resilience)

9 Perform a detailed Options Appraisal and prioritise options for inclusion in the BAM plan

10 Develop an implementation plan to programme mitigation work over the built asset life-cycle
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WP3 - Structural 
Liquefaction 
Resilience & 
Vulnerability 
Assessment 

Methodologies

WP5 - Community 
Resilience and Built 
Asset Management 
Planning 
Framework

WP2 - European 
Liquefaction 
Hazard Map 

(Macrozonation) 
and 

Methodology 
for Localized 

Assessment of 
Liquefaction 

Potential 
(Microzonation)

WP6 -
Liquefaction 
Mitigation 
Planning 
Software

WP4 -
Comparative 

Analysis of State 
of the Art 

Liquefaction 
Mitigation 
Measures

WP7 - Case Study 
Validation and 

Future Eurocode 
Recommendations

Geology and Tectonics

Societal
Importance

Structural 
Vulnerability

Earthquake-Induced Liquefaction 
Disaster (EILD) Hazard

Evaluation of Consequences
(Structural Damage, Economic and Societal Impact)

Mitigation Actions

Building Codes and Provisions for 
Strengthening of Existing Structures

Building Codes and Provisions for 
Design of New Structures

Improve Resilience of EU Urban 
Communities to EILD Events

Improve Engineering Practice

Reduce Ground Susceptibility
to Liquefaction

Seismicity
and Seismic Hazard

Local Site Conditions and 
Ground Susceptibility to Liquefaction

EARTHQUAKE-INDUCED 
LIQUEFACTION DISASTER (EILD) RISK

THE LIQUEFACT PROJECT STRUCTURE
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Research Needs & Impact
Integrate engineering and
ecological resilience models.
Ø Not new engineering models
Ø Are new socio-economic models

that recognise interdependencies
between community systems

§ Fuzzy Cognitive Maps?

Thank You
Questions?

THE LIQUEFACT PROJECT TEAM

Project website 
http://www.liquefact.eu/
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