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▴ Figure 2. Ground failure effects documented after the 3 January 1911 Kemin earthquake (modified from Nurmagambetov et al., 1999).

Stagionalità della risposta di sito?
E’ possibile che gli effetti superficiali osservati dopo il terremoto del Kemin del 1911 siano stati determinati dalla

presenza di uno strato di terreno superficiale ghiacciato, che avrebbe impedito la dissipazione dell’eccesso di pressione
di poro verso la superficie e quindi indotto liquefazione? 
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Stima di possibili effetti di liquefazione

Simili livelli di scuotimento (pga) (Boore and Atkinson, 2008)

Alshembari et al 

(2020)

Interventi per prevenzione, preparazione e capacity building



Stima di possibili effetti di liquefazione

Ricerca dati sulle caratteristiche del suolo

Ricerca dati di temperatura (da report storici -10°)

Simulazioni fatte con DEEPSOIL per diverse combinazioni

dei parametri per tenere conto delle incertezze

Selezione e scalatura di input sismico per eventi con simile

meccanismo, distanza e azimuth rispetto al target

Temperatura media annuale a Almaty

Alshembari et al 

(2020)
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(Image from http://nirutkonkong1982.spaces.live.com/)

http://www.marum.de/Benjamin_Schlue.html

Liquefazione

Liquefaction is characterizes

by a complete loss of shear

resistance

http://nirutkonkong1982.spaces.live.com/


Stefano Parolai

u is the pore pressure

S the shear resistance

s’ is the effective stress

Liquefazione



Massima Pressione di Poro vs Profondità: profilo di VS “estivo”

Alshembari et al 

(2020)
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Massima Pressione di Poro vs Profondità: profile di VS “invernale”

Alshembari et al 

(2020)
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Incremento della pressione di poro a diverse profondità
Verny e profilo estivo Kemin e profilo invernale

Alshembari et al 

(2020)

Interventi per prevenzione, preparazione e capacity building



Stretta cooperazione con

gli utilizzatori finali

Cooperazione e trasferimento della conoscenza

Trasferimento della conoscenza, 

corsi,esercitazioni
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Body forces

Project “Regionally consistent risk assessment
for earthquakes and floods and selective
landslide scenario analysis for strengthening
financial resilience and accelerating risk
reduction in Central Asia”
EU-funded Program “Strengthening Financial Resilience and

Accelerating Risk Reduction in Central Asia” (SFRARR).

5% PoE
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https://www.sibyl-project.eu/welcome-and-project-aims/
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https://www.sibyl-project.eu/welcome-and-project-aims/


https://www.sibyl-

project.eu/welco

me-and-project-

aims/
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https://www.sibyl-project.eu/welcome-and-project-aims/
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Interventi in emergenza
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Picozzi et  et al., (2011)
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Tailor made early warning

Early warning and rapid response
Interventi in emergenza



Estimated (red) and measured (black) response spectra Estimated (red) and measured (black) inter-storey 

drift displacement

Top

First floor
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Progettazione dell’intervento e misure
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Multi hazard
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Percorsi difficili anche in auto



GFZ-Sentry Software, based on Parolai et al. (2015) and developed in cooperation 

with GEMPA GmbH.

Decentralised Onsite-Early Warning 



from Grimaz et al.,2017

Rapid Damage forecasting in buffer areas



Real time 

shaking forecast 

Real time damage 

detection

from 

Parolai et al.,2015, SRL

Method 1

Real time estimation of shaking for

different buildings.

Input: base of one of the sentinel building

1) recording at the base of one of the

sentinel building (OGS-Uni Trieste)

2) Frequency of oescillation for

building type (Uni Udine)



Real time 

damage forecast 

Real time 

shaking

foecasting

from 

Parolai et al.,2015, SRL

Megalooikonomou et al. 2018.

Method 2 

Estimation of the probability of

exceedance of acertain limit state for

different buildings within an area

Input: 1) recording at the base of one of

the sentinel building (OGS-Uni Trieste)

2)Fragility curves for building type (Uni

Udine)



Real time impact 

forecast 

from 

Parolai et al.,2015, SRL

Method 3

First level estimate of possible damage in

buildings with sensors at the base and at the

top.

Input: 1) recording at the base of one of the

sentinel building (OGS-Uni Trieste)

2) Real time measurement of

interstorey-drift and/or resonance

frequency variation (OGS-Uni Udine)

from  Pianese et al, 2018



Estimating The Building’s Dynamic Behavior

Generally, different buildings react differently to the same input ground motion. This

depends on their different structural dynamic behavior, that influences expected

damage.

+
SDOF

Monitored building in Aviano (UD) 

characterized by noise measurements 

(Sentinella/Armonia projects)

Recordings of the M3.7 event 

13.07.2020 (Tramonti di Sopra)

Simulated Acceleration at the top of the 

building



Recorded and simulated acceleration



Simulated Drift and Displacement

a) Simulated displacement at the top of the building, b) Displacement at the top of the building obtained by double integration

of the acceleration recording, c) Displacement at the bottom of the building obtained by double integration of the acceleration

recording, d) simulated drift using Z transform and e) drift calculated as difference of displacement at top and bottom. Left: x-

direction, right: y-direction. Scaini et al., (2



Integration of the information from seismic stations with those  provided by the 
Civil protection volunteers:  Sentinel buildings used as verification points

9



from 

Parolai et al.,2020

Feasibility for DOSEEW 

in case of repetition of 

the 1976 Event



DOSEEW applied to the synthetic data

Trigger
Alarm Trigger

Alarm

from 

Parolai et al.,2020



DOSEEW applied to the synthetic data

Strong dependency of lead-time on 

slip distribution

from 

Parolai et al.,2020



Possible reduction of 10% of injured persons

from 

Parolai et al.,2020



Magneti Marelli Automotive Lighting, Tolmezzo (UD)

• production of 

electronic 

• components for 

LED lights

• 5.000 m2

• > 1100 employees

TAL – Transalpine Pipeline
• Italy, Austria and Germany

• 40% of the energy needs of 
Germany and the Czech 
Republic, and 90% of Austria

• 753 km 

• 7500 m3/h

• 750 employees involved

• 1.2 x 109 €

Possible several seconds to stop the plant of TAL

No action was possible for this scenario for the Magnetic Marelli being 

in the blind zone

from 

Parolai et al.,2020


