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Seismological Products P

Recent research activities at CRS have been mainly focused on seismological
aspects, producing a wide amount of valuable scientific knowledge for the region.

OGS - Centro Ricerche Sismologiche

(CRS EVENT ID=74421.75633
Tangential Radial Vertical 2013/06/23 15:01:32

Depth=4 km

Skl“ﬁzggj*fm OGS Peak Accel. Map (in %g) for event: 10824
o Sun Apr 12, 2009 08:13:02 UTC M 3.2 N46.33 E12.86 Deplh 5.7km 1D:10824

Dip =67:23
Mo =094¢422 dyncm

Mw =46 l,‘ = ’ "-‘
Percent DC=100 -
Perteni CLVD=0 # t" - WM ;‘ f ';, .f';

Percent ISO=0 (fixed)
r.olig,
S ,

s A2 ; 173
fwmmm\mﬂgé PR AN v
umms}_nm;@ucﬂgnmm "\, /\/\ ~
VRO
HaaeCTE wu;d.y./(\,.c*n e f N f\, —

VR=00

- /l'mnml{d\ T o4 /\/\\ /\/'\

VR-903

Variance=9.84e-10

7
JAZOU2_ D08 duts, Ami=2 210 em
VR=5S3

s soLuToy =
o (Dreger, 2001) 46

Moment Tensor
Solutions

.. and much, much more....

Towards real-time damage assessment of seismic events - Valerio Poggi and Chiara Scaini 3



. By o
Towards Real-Time Damage Assessment [ =

CIVILE

Need for emergency intervention after catastrophic events and damage mitigation

through preventive land and urban planning. We aim at defining methodologies to
assess the impact of earthquakes on structures and population.

"Earthquakes don't kill people, collapsed buildings do so"
Nigel Priestley (1943-2014)
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Constrained Ground Motion P
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OGS ShakeMap for event: 122875
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Shakemap: Ground Motion computed from an
Empirical Prediction Model constrained by |local
data from the CRS seismic network (45 stations)
and SentiNet instrumented buildings (30,
sensors at ground floor). Example for the event
of Verzegnis (ML=3.9; 14/06/2019).
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ShakeMaps for Emergency Control Room ¥ =
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Exposure: Structures and Population Y

Exposure defines the spatial distribution of elements susceptible to a specific hazard.
We focus on population and residential buildings of the Friuli Venezia Giulia (Istat 2011).

Material for buildings constructed after 1970
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Evolution of Exposure
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Building material for each municipality (Istat 2011). |
Pie charts size is proportional to the total number |~

of residential buildings.
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Structural Fragility P

Fragility curves describe the probability of exceeding some limit states for a given level
of ground shaking. Limit states for buildings are the conditions of potential failure, as

defined in the EMS98 scale.
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Structural Fragility
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We selected a number of fragility models from literature (for now, based on Peak
Ground Acceleration) as most representative of the building typologies in the Friuli

Venezia Giulia.
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A Real-time Damage Scenario Calculator !5

ALERT!
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(building type and
distribution)
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(dynamic behavior Scenario

of structures)

Scenario Hazard
(ground motion model)
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Estimated Damage
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Example of test scenario:

* Number of damaged buildings by
aggregating severe damage (level
D4) and total collapse (level D5)
of the EMS98 scale.

* Option to produce a map of
number of people impacted
(based on simplified relationships,
e.g. Bramerini et al. 1995)
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Processing Infrastructure P
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Cooperation with Civil Protection
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Results sent to Civil
Protection for operational
purposes:

* Training of operators

* Emergency planning

* Post-event response
organization

Education & outreach
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Validation of the Model i

We tested four independent models with different fragility curves and with the
buildings older than 1976. The number of highly-damaged buildings is compared with
the number of destroyed buildings from post-1976 damage statistics (Friuli Venezia
Giulia, 1986).
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Estimating Building Dynamic Behavior P

Different buildings react differently to the same input ground motion. This depends on
their different structural dynamic behavior, that influences expected damage.
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Characterization of Specific Buildings
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Damage assessment for target areas 1Y
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Our methodology extends the technique to the surrounding area. We identify building
typoloqgies, characterize their fundamental period and estimate the expected damage.
Added value: period-dependent, typology-specific damage assessment.
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sample of each typology (work in progress)
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The damage scenario calculator is already up and running and will be complemented
with higher-resolution local damage estimation. Its impact is two-fold:

1) scientific: developing novel methodologies that combine the seismological and
engineering know-how and act as a starting point for further scientific development.

2) operational: developing tools and products that have a direct impact on everyday
life (e.g. civil protection purposes)

Work in progress:

* Enriching exposure and fragility information

* Testing and verifying the model reliability

* Implementing a locally calibrated ground motion model
* Collecting feedback from stakeholders
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Damage calculation i
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Fraction of buildings in each damage state for a given ground motion of 0.3g (Source: Opengquake Manual)

« Different ground motion realizations

« Fraction of buildings in each damage state based on fragility curves

« Number of buildings in each damage state (fraction * total number)

« Mean number of damaged buildings (and standard deviation) for each building typology
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