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One of the key outputs from 
the project is the LIQUEFACT 
software, under development 
at NORSAR

The basic for the development 
of the LIQUEFACT software 
consists in integrating the 
knowledge (methodologies, 
procedures and models) from 
WP2, WP3, WP4 and WP5

LIQUEFACT Software

By using LIQUEFACT software, civil engineers and relevant stakeholders involved in the design and
implementation can be guided to assess the feasibility and cost-benefit of certain liquefaction mitigation
techniques or compute the socio-economic impacts of risk reduction and resilience improvement strategies.
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LIQUEFACT Software



LIQUEFACT software is a user-friendly toolbox for liquefaction mitigation planning and decision support,
able to estimate and predict the likely consequences of an earthquake-induced liquefaction damage at
individual structure /infrastructure, at regional or city level

LIQUEFACT Software
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Processing and Analysis Concept
Dependent on the users’ requirements, the LIQUEFACT
software can be used to separately conduct the
liquefaction hazard analysis, the risk analysis, and the
mitigation analysis.
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Processing and Analysis Concept
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Liquefaction Hazard Assessment
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Liquefaction Hazard Assessment - Susceptibility
o User-Defined and Pre-Defined Model

Evaluation of liquefaction susceptibility of the soil at a specific location: qualitative analysis allowing
end-users to identify how likely an asset (e.g. individual building/CI asset, portfolio of
buildings/distributed infrastructure assets, etc.) is susceptible to liquefaction;

Ref: DELIVERABLE D2.7: Methodology for assessment of earthquake‐induced risk of soil liquefaction at the four European testing sites
(microzonation) (http://www.liquefact.eu)

User-Defined: Microzonation maps



o User-Defined and Pre-Defined Model

Evaluation of liquefaction susceptibility of the soil at a specific location: qualitative analysis allowing
end-users to identify how likely an asset (e.g. individual building/CI asset, portfolio of
buildings/distributed infrastructure assets, etc.) is susceptible to liquefaction;

Pre-Defined: Macrozonation maps

European liquefaction binary model (ADASYN) prediction maps for 475 years, 975 years and 2475 years 
return period.
Ref: DELIVERABLE D2.6: Report to describe the adopted procedure for the development of the European liquefaction hazard map (http://www.liquefact.eu)

Liquefaction Hazard Assessment - Susceptibility
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o User-Defined and Pre-Defined Model

User-Defined: upload liquefaction hazard maps in terms of LPI, LSN, LSI, LDI, Settlement

Pre-Defined: used embedded European Liquefaction Hazard map

Liquefaction Hazard Assessment - Susceptibility
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Liquefaction Hazard Assessment - Susceptibility
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Liquefaction Hazard Assessment – Quantitative Analysis
o CPT, SPT, Vs profile

evaluation of liquefaction probability for a given level of amplitude and duration of ground shaking:
quantitative analysis for liquefaction potential allowing end-users to evaluate quantitatively the level of
the threat. End-users will be able to provide different type of inputs data for liquefaction assessment
(CPT, SPT, Vs30 profile data)
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o Scenario Earthquake
o Predefined Uniform Hazard
o User-defined seismic hazard

Liquefaction Hazard Assessment – Seismic Input at bedrock
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o Scenario Earthquake
o Predefined Uniform Hazard
o User-defined seismic hazard

Liquefaction Hazard Assessment – Seismic Input at bedrock
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Response spectrum
• Code-design (Eurocode-8)
• Site-specific (Vs30 profiles)

Liquefaction Hazard Assessment – Seismic action at ground surface 
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Liquefaction Hazard Assessment – Interpolation 
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• Variogram estimator
• Kriging cross-validation

Liquefaction Hazard Assessment – Seismic action at ground surface 
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Liquefaction Hazard Assessment – Quantitative Analysis
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Liquefaction Hazard Assessment – Quantitative Analysis
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Liquefaction Hazard Assessment – Quantitative Analysis
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Liquefaction Hazard Assessment – Quantitative Analysis
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Liquefaction Hazard Assessment – Quantitative Analysis
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Risk Assessment
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Risk Assessment
① Physical Impact
o Computation of Damage Probability and Loss Ratio

• ESP-based Procedure
• Conventional Procedure

② Economic Loss
o Owner Loss (Building, Contents, Business Interruption)
o Insurance Loss (Building, Contents, Business Interruption)

① Hazard for Risk Assessment
o Liquefaction
o Liquefaction + Ground Shaking (without liquefaction)



16.10.2019 Page 25

Physical Impact - Equivalent Soil Profile (ESP) method
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Physical Impact - Equivalent Soil Profile (ESP) method
Step 1: is about generating an
equivalent soil profile that will be used
for the evaluation of liquefaction risk;

Step 2 uses of liquefaction soil profile
criteria to identify the characteristics
of the equivalent soil profile
considering parameters of soil
strength, thickness of liquefiable layer,
depth of the liquefiable layer from the
surface.

Ref: DELIVERABLE D3.3: Design guidelines for the application of soil
characterisation and liquefaction risk assessment protocols
(http://www.liquefact.eu)
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Combines the selected building or infrastructure in
terms of its typology/class with the determined
equivalent soil profile class to select the associated
fragility curves for the computation of physical
impact and the expected losses.

Physical Impact - Equivalent Soil Profile (ESP) method
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Physical Impact - Equivalent Soil Profile (ESP) method
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Physical Impact - Equivalent Soil Profile (ESP) method
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Physical Impact - Conventional method
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Physical Impact – Limit States
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Physical Impact – Liquefaction and Ground Shaking
Risk assessment due to liquefaction Risk assessment due to liquefaction and ground shaking
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IM for Liquefaction Fragility Curves
o PGA
o LSN
o LPI
o GD -Settlement

IM for Ground Shaking Fragility Curves
o PGA
o Sa
o Sd

Physical Impact – Intensity Measures
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Physical Impact – Portfolio
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Physical Impact – Portfolio in GIS platform
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Economic Model – Owner
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Economic Model – Insurance data
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Economic Model – Insurance data
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Economic Model – Insurance data
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Risk Analysis Output – Owner Loss at Individual Level
o Resulted from liquefaction
o Building Loss
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Risk Analysis Output – Owner Loss at Individual Level
o Resulted from liquefaction
o Contents Loss
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Risk Analysis Output – Owner Loss at Individual Level
o Resulted from liquefaction
o Business Interruption
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Risk Analysis Output – Owner Loss at Geo-code Level
o Resulted from liquefaction
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Risk Analysis Output – Insurance Loss at Individual Level
o Resulted from liquefaction
o Building Loss



16.10.2019 Page 45

Risk Analysis Output – Insurance Loss at Individual Level
o Resulted from liquefaction
o Contents Loss
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Risk Analysis Output – Insurance Loss at Individual Level
o Resulted from liquefaction
o Business Interruption
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Risk Analysis Output – Insurance Loss at Geo-code Level
o Resulted from liquefaction
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Risk Analysis Output – Owner Loss at Individual Level
o Resulted from ground shaking (without liquefaction)
o Building Loss



16.10.2019 Page 49

Mitigation Framework
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Mitigation Framework
o Existing Structure or New Construction (Free Field)
o Mitigation Thresholds
o Mitigation Cost and Expected Benefit (in terms of reducing liquefaction risk)
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Mitigation Safety Thresholds / Mitigation Cost and Expected Mitigation Solution Level 
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Set Mitigation Parameters

Selected building for mitigation investigation based on pre-defined mitigation 
thresholds
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Set Mitigation Parameters

Selected building for mitigation investigation based on pre-defined mitigation 
thresholds
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Mitigation Framework

Mitigation techniques applicability score
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Mitigation Framework

Mitigation Cost
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Mitigation Framework

Expected Benefit
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Mitigation Framework

Cost Benefit Ratio (CBR)
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Mitigation Framework

Overall result of mitigation and cost-benefit analysis for a selected building 
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