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The problem

What is happened?
Where?
Who is involved?

What is necessary to face?

In order to answer to these questions, quick availability of an overview about the
situation to support the activities of decision-makers is extremely necessary.

Possibility of trans-national emergencies, concerning different
regions or countries with their own civil protection system.
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Multi-level monitoring

Level llI
Feeling of the shaking by CP
volunteers and technicians
feedback about actual damages

Level Il
SentiNet at sentinel buildings
(bottom and top of the structures)

Level |
Seismic networks

Integration and
harmonization
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Free-field seismic
monitoring stations

widespread on the
territory.
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Haresa Network

Italian Strong Motion Network
MedNet Network

N-E Raly Broadband Network
Austrian Seismic Network

N-E Raly Seismic Network
FYG ACcelerometnc Network
Sudtirol Seismic Network
Skovenia Seismic Network
Croatia Sesmic Network
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f Level |l

\

A4 I\ Seismic monitoring in different points of
Sentinel Buildings (top and bottom).

A SentiNet_sites

B SentiNet_bulldings
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Buildings and related sites have
been previously characterized.

t sy #a-% UNIVERSITA
HILCTTCY RO 1A Prof. ing. Stefano Grimaz—Universita di Udine % DEGLI STUDI

Italia-Osterreich ks 3 7 DITRIESTE

ment Fund EUROPEAN UNION



i u Level Il

e [l e S gl |
= — Civil protection volunteers and
technicians are «on field»
|| — observers.
T E f:%!; @ T
Scheda segnalazione di effetti macrosismicl |  sarmessnars ) .
E“;-;T,_;,—_”_ﬁ By Possible sub-levels:
e » areal evaluation about the level
| Bt of shaking perceived by
""""" volunteers

Ton ) ) s e

+ local feedback about damage
occurred in some pre-defined
buildings
(Sentinel Buildings) @

+ |ocal feedback about damage
occurred in public buildings

i su edifici
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! ldea of the ARMONIAtlas

G ’ On field feed-back
LNV Y
k= S Lev.
o, Pl \
S, < e e
( h;k” o 2
|' Procedure 1
2 & o Pre-codified procedures
Lev ” 4 actlvaFt)mn
Lev. | L. |
Accelerometric
monitoring network \./
Graphic visualization in
situation rooms
« Automatic elaboration of ground + Organization of available information
motion data from seismic networks to generate situational scenarios.
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ARMONIA EXERCISE

TESTs
27-28 May 2021
TEST LEVELS | AND I i TEST LEVELS Il

27.05.2021 - 8:55 Mw 5.0

Test of Armonia Atlas in situation 2 km NW di Caneva (Pordenone)

rooms of Friuli VG Civil Protection

—e

Test of "checklist for operability
evaluation of building" in Friuli VG

2nd Event
28.05.2021 - 10:40 Mw 4.2
2 km SSE di Caneva (Pordenone)

PROTEZIONE CIVILE .

tocaltzzazions AUTOMATICA
TERREMOTO n, 297266 Comwrsate n 207008 |
[rpe———
del 27052021 ore 03:5300 e

AR <|"' A [

AWEATEAZA kcalzamors prebwi e AUTOMATCA
i & bbb . Sl

e = n
ocs::(«:er—'—* > Test of "checklist for operability
T s o S 1 == evaluation of building" in Veneto

ESERCITAZIONE | ‘terres SN

rooms of Veneto Civil Protection
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SCIENTIFIC UNITS CIVIL DEFENSE INSTITUTIONS

Var- . =\ Elaboration of data Definition of the
o % from seismic networks {~ M= contents displayed in
éﬁ the different maps
| Development and Pre-codification of
N l'\%— implementation of —L_— operative procedures
il N metodologies to === .| to putin place as a
estimate the warning of T consequence of
potential damage — different emergency
scenarios
ARMONIA-Atlas

common tool and lanquage for harmonized contributions to a unique end
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Calcolo di parametri dello scuotimento del suolo:
dalle reti diffuse alla sala operativa

Berechnung von Erdbebenauswirkungen: von den
Messdaten in die Einsatzzentralen

Giovanni Costa
Universita degli Studi di Trieste
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Improve the monitoring

Level Il
Feeling of the shaking by CP volunteers
and feedback about actual damages

™ 1 Level 1l
7 e SentiNet at sentinel buildings (bottom
f and top of the structures)

Level |
Seismic networks

Different territories can have
different levels of seismic monitoring
networks
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Level 1 - "Free field” Accelerometric Networks

> ; A ™ Magnetotermici
- b Scaricatori
y = Magnetotermico differenziale,
’ \ riarmo automatico
=

Trasformatore uPs

o discontinuita

Router
Batteria tampone
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Level 1

_ , CE3RN Central and Eastern European
"Free field” Accelerometric Networks Farthquake Research Network

.
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Level 1 - "Free field” Accelerometric Networks
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Level 2 - "SentiNet” at sentinel buildings (bottom and
top of the structures)

POSIZIONAMENTO SENSORE DI CARATTERIZZAZIONE UNITA STRUTTURALE 4501

LEGENDA

A Suricat installato al sottotetto
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Level 2 - "SentiNet” at sentinel buildings (bottom and
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Instruments test

*ETNA 2
*Macroseismic Sensor
«Sara ACE Box
*GeoSIG NetQuake
Trillium Compact
«Centaur

*Obsidian Kinemetric
*Suricat

«Zizmos EQ Sensor
*Raspberry Shake

3 SR Basalt SNr131

— e N 5 Lunitek Triten
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Ground Motion Parameters

- — e | . PGA (peak ground acceleration) |PSA (pseudo-spectral accel.) at T =
AR zﬂmw), zms{ ¥ -z f;‘?\" 1 03, 1.0and3.0s
1:36:32. [ % _y, /. B
] e Vo L’" ] PGV (peak ground velocity) Vo (zero crossings)
} o7 PGD (peak ground SMA (sustained maximum
B displacement) acceleration)
T . LR ) Vmax/Amax Te (predominant period)
Time (s) i "I’[ll#h‘tﬁq[m bl Td (total duration) Bandwidth
orcia - BCS: Arms (root mean square Go (power spectral density)

NRC

acceleration)
<11 (km) o

-
=]
T

E 500 w
§, 4o I (Arias intensity) Tb (bracketed duration)
4 e S, IR IH (Housner intensity) Ts (significant duration)

F"r;equency (Hz')'

Io (Cosenza and Manfredi index) | VSI (velocity spectrum intensity)

Periodo (s) P o EPA (effective peak AS| (acceleration spectrum
’ 44; st acceleration) intensity)
R Po (destructive potential) EPV (effective peak velocity)

| o CAV (cumulative absolute
. L%m velocity)
A/\/\:—ﬁ/\/\v- "
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Dipartimento della Protezione_c

ile Nazionale
e Accelerometrica Nazionale - RAN
-o- Event: ZUGLIO - Origin time: 2019/09/22 12:58:43 Lat:46.445 Lon:12.992 M| = 3.8 Agency: DPC
Station: Norcia - NRC - Channel: HGE - EC8: B N N
Lat: 42.7925 Lon: 13.0964 Elev: 0.616 Seismic moment: 5.432e+14 Nm - Mw = 3.6 Agency: DPC
Time: 26/10/2016 19:18:05 sta chan loc dista filter PGA EPA PGV PGD PSA03 PSAlO PSA30 EC8 location
o : km Hz cm/s*s cm/s*s cm/s cm cmy/s*s cm/s*s cm/s*s
B L Eﬁ TOLM HNE @6 5  ©.2-50.0 14.19 5.26 0.27 .01 11.64 0.88 0.86 na  Tolmezzo Edificio Comune
. il ";i TOLM HNE 11 5  ©.2-50.0 37.08 23.15 1.09 0.04 29.99 1.64 0.3 na  Tolmezzo Edificio Comune
o = e = = = — TOLM HNN 66 5 0.2-50.0  24.77 9.28 0.68 6.03 21.31 1.36 6.22 na Tolmezzo Edificio Comune
» Freauency (F2) TOLM HNN 11 5  ©.2-50.8 52.00 23.30 1.7 0.05 53.00 2.46 8.35 na  Tolmezzo Edificio Comune
n B BUTTERWORTH FILTER: TOLM HNZ 00 5 0.2-50.0 8.85 5.04 0.23 0.01 9.77 0.63 0.88 na Tolmezzo Edificio Comune
5o Lowpass: 0.1Hz TOLM HNZ 11 5  0.2-50.0 20.44 5.63 0.28 0.02 10.84 0.68 0.88 na  Tolmezzo Edificio Comune
= Hihpese Bt TLM2 HGE 7 0.3-50.6 14.41 8.18 8.43 0.04 23.63 1.65 6.12 B Tolmezzo2
. Y ® ® Detrend ves TLMZ  HGN 7 9.3-50.8 26.88 17.62 1.02 .19 42.62 1.53 8.22 B  Tolmezzo2
' DS . TLMZ  HGZ 7 0.3-50.6 16.18 5.73 8.31 0.10 7.75 0.46 0.87 B  Tolmezzo2
5. Calibration: NO INVI HNE 9  0.3-49.7  1.95 1.54 0.07 3.37 0.48 0.3 na  Invillino HAREIA
= INVI HNN 9  0.3-49.7  3.01 2.08 0.11 4.59 0.37 0.5 na  Invillino HAREIA
- @ = E] = = SO Lol INVI HNZ 9 0.3-49.7  2.25 1.29 .05 1.69 0.38 0.3 na  Invillino HAREIA
I ) PARAMETERS:
PGA~ 253.77 cumje? CESC  HGE 11  ©.4-48.0 66.87 31.61 1.81 0.68 4.02 6.46 na  Cesclans
EPA= 166.86 cm/s’ CESC  HGN 11 0.4-48.0 53.43 53.81 2.17 0.11 6.03 6.66 na  Cesclans
”" PGV = 15.06 cm/s CESC HGZ 11  0.4-48.0 53.72 23.32 0.96 0.65 3.46 6.24 na  Cesclans
EEE/EGA;BZOC}:GS MOGG  HNE 16 0.2-49.9  9.01 4.97 0.28 0.01 11.41 0.56 0.89 na  Moggio
- PSAO3 = 343.32 cmys? MOGG  HNN 16 ©.2-49.9  2.46 1.88 .69 5.13 .30 6.84 na  Moggio
2 PSAL0 = 167.34 cr/s® MOGG HNZ 16 0.2-49.9  5.85 3.43 0.18 0.01 8.64 .40 0.86 na  Moggio
E 0 g
% PSA30 = 17.84 cm/s* AVS  HGE 17  ©.5-49.4  3.05 1.31 0.07 0.27 0.83 C*  Avasinis
& Arias = 27.65 cm/s *
T GG e AVS  HGN 17 0.5-49.4  5.22 2.62 0.16 .01 0.43 0.06 C Avasinis
@0 .
Td= 11.83s AVS  HGZ 17 ©.5-49.4  2.92 .81 0.64 0.23 8.2 C*  Avasinis
V0 = 602,11 1fs GESC  HGE 21 ©.5-48.1  3.35 2.18 0.07 0.13 0.36 0.2 na  Gemona_Scugelars
w0
:;dj -0415“2'“*5 GESC  HGN 21 0.5-48.1  3.77 2.74 0.11 0.01 0.37 0.04 na  Gemona Scugelars
=L HGZ 21 0.5-48.1  3.17 1.23 .05 .02 0.16 0.61 na  Gemona Scugelars
05
w st b HGE 23 0.7-50.0  4.83 1.71 0.08 0.13 0.2 na  Pradis
Period| -1.0 -t EC8=B
L) 9 _ sl [—1—] 5 =0 b HGN 23 0.7-50.0  3.80 1.18 .06 0.12 0.01 na  Pradis
-2.0 ;: i 1 & b Hez 23 8.7-50.80  2.68 0.81 0.04 0.10 na  Pradis
‘;’) g - [E HGE 24 0.4-48.0 3.88 1.75 0.09 0.43 0.02 na Gemona_Depuratore
35 = epicentral distance PGA,PGV,PGD = peak ground acceleration, velocity and displacement
-4.0 = automatic band pass butterworth filter EPA = effective ground acceleration (Kramer, 1996)
4 ‘ ; = site classification (Eurocode from ITACA) PSA03,PSA10,PSA30 = spectral acceleration (0.3, 1.0, 3.0 sec)
0 10° 0 10
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GMPE functional form:
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Ground motion parameters analyzed:

EpicentralDistance(km)
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PSA03
PSA10
PSA30

Arias Intensity
Housner Intensity
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Ground Motion Parameters
PGA (peak ground PSA (pseudo-spectral accel.)
acceleration) atT=0.3,1.0and 3.0 s (a) — e (b) —
PGV (peak ground Vo (zero crossings) T X]— s T X1— cis
velocit ERLS GC20 | IX A GC20
2 3 Viil 4 = FM10 @ Vil 4 = FM10
PGD (peak ground SMA (sustained maximum @ v 4 — oor W 4 — ODR
displacement) acceleration) % v 4 © Meanvalues % vl4 © Meanvalues -
Vmax/Amax Tp (predominant period) 2 V] 2 Vi
Td (total duration Bandwidth g V1 g V1
( ) S S A
Arms (root mean square  [Go (power spectral density) = - £ n{—
acceleration)
-2 -1 0 1 2 0 1 2 3
— - - log10(PGV) [cm/s] log10(PGA) [cm/s?]
IA (Arias intensity) To (bracketed duration)
IH (Housner intensity) Ts (significant duration)
Io (Cosenza and Manfredi |VSI (velocity spectrum
index) intensity) e AR
EPA (effective peak ASI (acceleration spectrum
acceleration) intensity)
Po (destructive potential) |EPV (effective peak velocity) SCALA MERCAL”
CAV (cumulative absolute | -Strumentale Avvertita solo dagli strumenti
velocit, | z e p—— m :
Y) Il -Debole Avvertita solo da poche persone sensibili in condizioni particolari
3 3 5 c R = - NG Il -Leggera Avvertita da poche persone
PGA 0.86 0.81 249 10.80 0.76 0.42 26502 Avvertita da molte persone; tremiti di infissi e cristalli; oscillazione di oggetti sospesi
PGV -187 054 202 838 079 037 26502 : : . " :
PCD a7 113 18 S5a 078 039 J6502 V - Piuttosto forte Avvertita da molte persone, anche addormentate; caduta di oggetti
PSA03 -0.32 0.91 -1.91 9.12 0.77 0.37 26502 VI -Forte Qualche lesione agli edifici
PSALQ 257 1.03 134 5.13 0.74 0.38 24910 I e ———
PSAI0 335 0.96 103 242 0.63 0.5 9882 \VII' - Molto forte Caduta di comignoli; lesione agli edifici
;A ';i; ér;‘; '?—23 ig; 3'33 g;é i?;gf VIl - Distruttiva Rovina parziale di alcuni edifici; vittime isolate
A2 015 167 408 1027 0.76 0.74 26501 X -Rovinosa Rovina totale di alcuni edifici; molte vittime; crepacci nel suolo
gi _1363451 ;3; 3}‘: §§§ g-gg g-;g ggig; Crollo di parecchi edifici; numerevoli vittime; crepacci evidenti nel terreno
CAV 2004 084 an 11.61 075 034 26501 -Moltod Distruzione di agglomerati urbani; moltissime vittime; crepacci; frane; maremoto
99 P
a)

XIl - Catastrofica Danneggiamento totale; distruzione di ogni manufatto; pochi superstiti;
sconvolgimento del suolo; maremoto
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Damage scenarios definition
Estimating The Building’'s Dynamic Behaviour

® On buildings

v v
SDOF

Fragility curves Macroseismic
method ‘%l Ww ‘%h
0 + = |0 H
,_. — ! ‘

|_|IIIIII

1.mode 2.mode 3.mode

DAMAGE STATE PROBABILITY

3 4 5 6 7 8 9 10 1 12
MACROSEISMIC INTENSITY

In buffer areas

|
v v v

First level correlation SIGE-FVG methodology Probit analysis

Simulated Acceleration at the

D 4 . 4 D 4 top of the building

Direct correlation between
ground motion parameters
and intensity

Macrosesimic method = — s e
applied on given areas
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Event: ZUGLIO - Origin time: 2019/09/22 12:58:43 Lat:46.445 Lon:12.992 MI = 3.8 Agency: DPC
Seismic moment: 5.432e+14 Nm - Mw = 3.6 Agency: DPC
sta chan loc dista filter PGA EPA PGV PGD PSA03 PSALO PSA30 ECB location
km Hz cm/s*s cm/s*s cm/s cm cm/s*s cm/s*s cm/s*s
TOLM HNE 00 5 0.2-50.0 14.19 5.26 0.27 0.01 11.64 0.88 0.06 na Tolmezzo Edificio Comune
TOLM HNE 11 5 0.2-50.0 37.08 23.15 1.09 0.04 29.99 1.64 0.30 na Tolmezzo Edificio Comune
TOLM HNN 60 5 0.2-50.0 24.77 9.28 0.60 6.03 21.31 1.36 0.22 na Tolmezzo Edificio Comune
TOLM HNN 11 5 0.2-50.0 52.00 23.30 1.07 0.85 53.00 2.46 0.35 na Tolmezzo Edificio Comune
TOLM HNZ 68 5 0.2-50.0 8.85 5.04 0.23 6.01 9.77 0.63 0.08 na Tolmezzo Edificio Comune
TOLM HNZ 11 5 0.2-50.0 20.44 5.63 0.28 0.02 10.84 0.e8 0.08 na Tolmezzo Edificio Comune
TLMZ2 HGE 7 0.3-50.0 14.41 8.18 0.43 0.e4 23.63 1.05 .12 B Tolmezzo2
TLM2 HGN 7 0.3-50.0 26.88 17.02 1.02 0.19 42.62 1.53 0.22 B Tolmezzo2
TLM2 HGZ 7 0.3-50.0 16.18 5.73 0.31 0.1e 7.75 0.46 0.e7 B Tolmezzo2
INVI HNE 9 0.3-49.7 1.95 1.54 0.07 3.37 0.48 0.83 na Invillino HAREIA
INVI HNN 9 0.3-49.7 3.e1 2.08 0.11 4.59 .37 0.85 na Invillino HAREIA
INVI HNZ 9 0.3-49.7 2.25 1.29 0.85 1.69 0.38 0.83 na Invilline HAREIA
CESC HGE 11 0.4-48.0 66.87 31.61 1.81 0.e8 4.02 0.46 na Cesclans
CESC HGN 11 0.4-48.0 53.43 53.81 2.17 0.11 6.03 0.60 na Cesclans
CESC HGZ 11 0.4-48.0 53.72 23.32 0.96 0.05 3.46 0.24 na Cesclans
MOGG HNE 16 0.2-49.9 9.01 4.97 0.28 0.01 11.41 0.56 0.09 na Moggio
ZZ\J\/ MOGG  HNN 16 0.2-49.9 2.46 1.88 0.09 5.13 08.30 0.04 na Moggio
A MOGG HNZ 16 0.2-49.9 5.85 3.43 0.18 0.01 8.64 0.40 0.06 na Moggio
AVS HGE 17 0.5-49.4 3.85 1.31 0.87 .27 0.083 (G Avasinis
AVS  HGN 17 0.5-49.4 5.22 2.62 0.16 0.01 0.43 0.06 C* Avasinis
1 AVS HGZ 17 0.5-49.4 2.92 0.81 0.04 .23 0.082 [ Avasinis
£ GESC HGE 21 0.5-48.1 3.35 2.18 0.87 0.13 0.36 0.02 na Gemona_Scugelars
GESC HGN 21 0.5-48.1 3.77 2.74 0.11 0.01 .37 0.04 na Gemona_Scugelars
GESC HGZ 21 0.5-48.1 3.17 1.23 0.85 0.82 0.16 0.01 na Gemona_Scugelars
PRAD HGE 23 0.7-50.0 4.83 1.71 0.08 0.13 0.02 na Pradis
PRAD HGN 23 0.7-50.0 3.89 1.18 0.086 .12 0.01 na Pradis I
PRAD HGZ 23 0.7-50.0 2.68 0.81 0.04 e.1e na Pradis £
GEDE HGE 24 0.4-48.0  3.88 1.75 0.09 0.43 9.02 na  Gemona Depuratore Lyent Il 122007
= Date and fime 2020-07-17 02:50:57
dista = epicentral distance PGA,PGV,PGD = peak ground acceleration, velocity and displacement 4kmONO i
filter = automatic band pass butterworth filter EPA = effective ground acceleration (Kramer, 1996) Location Kobarid
EC8 = site classification (Eurocode from ITACA) PSA03,PSA10,PSA30 = spectral acceleration (0.3, 1.0, 3.0 sec) (SLOVENIA]
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Austrian contribution to ARMONIA

From research into the operative rooms

Von der Forschung in die Einsatzzentralen Dalla ricerca alle sale operative

Michael Strasser

Department of Geology, University of Innsbruck
michael.strasser@uibk.ac.at

with contributions by:
Maria-Theresia Apoloner, Christa Hammerl, Helmut Hausmann, Nico Horn, Stefan Weginger, Yan Jia, Maria del Puy Papi-Isab, Wolfgang Lenhardt (ZAMG),
Patrick Oswald, Christoph Daxer, Jasper Moernaut (Department of Geology, University of Innsbruck)
Patrick Salcher, Benjamin Hirzinger, Christoph Adam (Unit of Applied Mechanics, University of Innsbruck)
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From research into the operative rooms
-10°000 yrs. -1°000 yrs. -100 yrs. Today in the next few minutes to hours?

Time line needed to be considered for reliable earthquake hazard and risk assessment

Prehistoric Historic Instrumental Operative Room Seismic Response Prediction
Paleoseismology (Historical seismology) (seismology) (ZAMG) (Seismology & Earthquake engineering)

Studying past Investigating historical Analyzing data from 24/7 evaluation of real-time data for ARMONIA ATLAS @ ZAMG Modelling of vibrations
earthquakes records of earthquake apa}Iog &.(since 1990s) earthquakes (M>2). On call service for calculated Risk classes for communities behaviour of buildings
recordedin occurrence and damage digital seismometers federal and Provincial Warning Centres assessment of damage risks
geological archives reports
<« universitat D - /‘| 5 arcits
. , ? 1. InNnspbruc
Institut far Geologie IntenSItv predICtlonS
Observational data to constrain Seismic monitoring network ARMONIA Atlas @ZAMG, Seismic response
(1) maximum earthquake magnitude and . : Integration of real-time data and prediction for critical
. With ARMONIA, 5 new stations added . . . g
recurrence pattern (magnitude/frequency : d earthauak intensity information of past infrastructure
relation for low probability, but high impact Improved earthquake earthquakes

events) detection & localisation
(2) intensity and environmental effects
of such events

Michael Strasser Department of Geology, University of Innsbruck & UNIVERSITA

Seismic monitoring of critical infrastructure
multiple sensors in sentinel building
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