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LIQUEFAZIONE E INSTABILITA’ DINAMICA DEI TERRENI

Risk = Probability of loss * Amount of loss



- River meanders/point deposits
- Lake shore delta
- Estuarine
- Beach ridge backwater

- Abandoned river channels
- Former ponds, marshes, swamps
- Reclamation fills
- Tailing dams
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Mw 5.9
12 000 damaged buildings 

Emilia Romagna
Italy (2012)

Mw 6.2
60 000 damaged buildings 
1/3 of city infrastructures 

out of service

Christchurch
New Zealand (2010‐2011)

Mw 9.0
27.000 damaged 

buildings 
2 000 collapsed levees
Several destroyed 

bridges

Urayasu (Tokyo)
Japan (2011)

New Zealand Geotechnical Society (2016)Sites prone to Liquefaction
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Terre del Reno (2012)

Sant’Agostino Mirabello
Public 9.481.162 53.569
Private 81.658.828 39.708.448
Productive 123.608.822 34.872.851

Open Ricostruzione Portal (Emilia Romagna Regional Governement)
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Triggering conditions for liquefaction

- High seismicity (Mw>5 – ag>0.1g)
- Soil characteristics
- Water bearing strata (Hw<15 m)

(NTC 2008)Galli and Peronace (2012)
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Liquefaction Reference Guide 

Geology and Tectonics

Seismicity and Seismic Hazard

Liquefaction SusceptibilitySeismic Ground Shaking

Liquefaction Hazard

Geotechnical information and site soil conditions
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Combined Physical Damage
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Building Stock & Infrastructures

Ground Shaking Vulnerability Liquefaction Vulnerability

Economic and Resilience Model

Mitigation Framework and Impact on Community 
Resilience Reduction
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Output
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Carta sismotettonica della Pianura Padana (modified from RER & ENI - Agip, 1998)

Terre del Reno: geology and tectonics

(NTC 2008)



LIQUEFAZIONE E INSTABILITA’ DINAMICA DEI TERRENI

Emergeo Working Group (2013)

Galli and Peronace (2012)

Terre del Reno: seismicity and ground
shaking



ASSESSMENT AND MITIGATION OF 
LIQUEFACTION POTENTIAL ACROSS EUROPE Workshop Porto - May 3rd 2018

20th of May 2012 Earthquake

Satellite image of the area of interest (Google Earth)

San Carlo

EpicenterMirandola

Magnitude = 5.9
PGA             = 0.264 g
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Terre del Reno: seismicity and ground shaking



20th of May 2012 Earthquake

Soil profile and Materials’ properties in Mirandola (Sinatra and Foti, 2015) Equivalent-linear Earthquake site Response Analy
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Terre del Reno: seismicity and ground shaking



20th of May 2012 Earthquake
Equivalent-linear Earthquake site Response AnalyMirandola – deconvoluted to bedrock Attenuation law (Bindi et al., 2011)

• Distance from the epicentre, 
• Transmitting strata, 
• Earthquake’s magnitude

San Carlo attenuated to bedrockSan Carlo – ground surface

LIQUEFAZIONE E INSTABILITA’ DINAMICA DEI TERRENI

Terre del Reno: seismicity and ground shaking
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0.18 < PGa < 0.36 

www.shakemap.rm.ingv.it

Geology and TectonicsGeology and Tectonics

Seismicity and 
Seismic Hazard

Liquefaction 
SusceptibilitySeismic Ground Shaking

Liquefaction Hazard

Geotechnical 
information, site soil 
conditions and GWT

Selena-LRG Flow Chart

Terre del Reno: seismicity and ground
shaking
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Geological map of the Pianura Emiliana with paleo-
channels (from SSGI - RER)

Terre del Reno: geology

SGSS RER (2012)
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Terre del Reno: geology
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San Carlo (fraz. Sant’Agostino)

MirabelloTerre del Reno: geology
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Calabrese, Martelli e Severi (2012)

Terre del Reno: geology
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Geology and TectonicsGeology and Tectonics

Seismicity and 
Seismic Hazard

Liquefaction 
SusceptibilitySeismic Ground Shaking

Liquefaction Hazard
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conditions and GWT

Selena-LRG Flow Chart

863 in situ tests
(CPT/CPTu, Borehole, Cross 
hole, Down hole, wells, …)

Terre del Reno: geotechnical
characterisation
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Geology and TectonicsGeology and Tectonics
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• Groundwater table
• Stratigraphy from boreholes
• CPT/CPTU profiles

Preparation of available data

Terre del Reno: geotechnical
characterisation
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Selena-LRG Flow Chart

Map of groundwater depth at San Carlo 
(July 23 2012)

Terre del Reno: geotechnical
characterisation
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Iwasaki (1978)

Terre del Reno: geotechnical
characterisation
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Map of Liquefaction Severity Number
LSN at San Carlo (Sant’Agostino)
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Terre del Reno: geotechnical
characterisation
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Terre del Reno: evidences of damage

Public building

Industrial building

Private building

MUDE platform

SFINGE platform

FENICE platform

Agency  for the reconstruction
Kaipoi, 
2010

Emilia, 
2012
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2007
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Kaipoi, 
2010

Emilia, 
2012
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Classification of damage

Van Ballegooy (2014)Dolce et al. (2017)

Terre del Reno: evidence of damage
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Terre del Reno: evidences of damage

‘‘LSN’’

0 1 000500
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Evidenza di danno da 
liquefazione sull’edificio
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Terre del Reno: damage
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Terre del Reno: damage
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Terre del Reno: damage

Unit cost (€/mc) 20 50 100 150 200
Ideal cost (Million €) 1.5 3.8 7.6 11.5 15
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Terre del Reno (2012)
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