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Hazard

RISK ASSESSMENTS

Disaster
risk

Exposure

People and buildings in the area

X

@a Probability to be destroyed
E Probability to be damaged

—,

(v
ﬂ Probability to not be damaged

Vulnerability
Behaviour of people and buildings with
respect to the event



EASE. Ashfall.

EASE. Earthquake/Buildings.
EASE. Earthquake/Roads.
DEB. Bradiseism

TOOL PLINIVS

EXPOSURE VULNERABILITY
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NATIONAL CENSUS DATABASE + Vulnerability
istituto per il mevamento DATA CO LLECION Cu rves

slattromagnetico dell'ambients




RISK ASSESSMENT| Hazard

EXPLOSIVE ERUPTIONS

Prevailing Wind :
- Eruption Column
~ Eruption Cloud
Tephra (Ash) Fall Debris Avalanche
(Landslide)
Acid Rain Bombs
Lava Dome l':’lv‘::vﬂﬂsnc

Lava Dome Collapse

Pyroclastic

 )' Fumaroles
Flow_ -~/ %

R

Conduit Ground Water

Lava Flow

Lahar (Mud or Debris Flow)

] <«—— Crack

{

Most volcano hazards are associated
with eruptions. However, some
hazards, such as lahars and debris
avalanches, can occur even when a
volcano is not erupting.

arthquake

* Precursor earthquakes
* Ash Fall

* Pyroclastic flows

By Bobbie Myers and
Carolyn Driedger
2008
Am

 Landslides

* Lahars (Vesuvius)

e Tsunami

* Bombs and Missile

* Bradyseism (Campi Flegrei)
ACTIONS CONSIDERED IN
THE PLANNING OF
VOLCANIC EMERGENCIES

AT VESUVIUS AND CAMPI
FLEGREI




RISK ASSESSMENT | Exposure

EXPOSURE. Quantitative and qualitative geographical distribution of risk
elements (people, buildings, infrastructure, activities and cultural heritage, etc.)
within an area. The condition and/or operation of the elements may be

damaged, altered or destroyed as a result of the natural event.

Q
PERSONE EDIFICI STRADE RETI
« Earthquoke (EQ) <+ Earthquake (EQ) « Eartquake (EQ)
- Eartquake (EQ
uake (EQ) - ch fall (AF) . Ash fall (AF)

« Ash fall (AF)

Bradisismo (BR)



RISK ASSESSMENT | Exposure

SCHEDA DI RILIEVO PLINIVS T

dati tipologici sugli edifici per la classificazione di vulnerabilita rispetto ai fenomeni

multi-hazard (Geologici & Cambiamenti Climatici)

CENTRO STUDI

LINLVS

SEZIONE 1 - ATTIVITA DI RILIEVO

10 RILEVATORE: [ 11 pata: [ [ T [ [ [ [ ] Accessomriuevo: A- diettc Bo  indeetta
. . parzialmerte
COMPLETAMENTO DELLA SCHEDA: A - comglétata Bo D nietata Co  vuota
SEZIONE 2 - IDENTIFICAZIONE
CODICE ISTAT REGIONE: || | CODICE ISTAT PROVINGIA: | | | | CODICE ISTATCOMUNE: | | | |
N AGGREGATO: M. EDIFICIO: COMUNE
PRESEMZA DELLA GEOMETRIA DELLEDIFICIO SULLA CTR: E] [
SEZIONE 2 - INFORMAZIONI GENERALI
TIPD DN EDIFICI0:
A edificio ardinara B baracca o assimilabike C cApaNnCng
] impianto spartng E cabine balnear, st termg. F gazeho, pensiing, 1etbaia
G adificio abibandonats, rusens I adificio legperno in legna L agificio hegpero in lamiers
-] SR u deposio pesants v o, parage
z altre: spogliated, bungalow, . 7 e class. come adif. sulamamo
DESTINAZIONE D'USO:
A S singtura agricala ND nego al dettagha HI negozi all'ingrassa
oM afficine meccaniche 5T servizi tecnici professicnal B banche
H aspadall we cliniche & ambulatarl R nirattenimenta & ricreazions
T K tealri K parcheggi 3 scuale
u univergith P uffici pubblici Fl uifici per il pranto interenta
P industrie pasanti L industrie laggera L4 mdustrie chimiche
IM O ingustrie metaurgiche T industrie alta tecralogis IE nidustrie per Fedilizia
CH chiese e prganizzazioni no profit RE renidenza RT allaggi temparane
by desrmiten pubblici HF casa o cura M1 struttura ricattiva
[ HH nan neto
UTILIZZAZIONE:
A abbandonatn MU nan utlizzato PU ubliz. parzialmente 1} I wilizzato
ESPOSIZIOMNE:
£ strategics (casenma, aspedal, caratterizzase da particolare: ardisaria
_ seuole, prefenuee, ecc )  esp (industria & rachio & simik) o
SEZIONE 4 - STATOD
EPOCA DI COSTRUZIONE:
A prima del 1919 B 19191945 c 19461960 [i] 19611971
E O 19721981 F 1982-1991 [ O 1%9z-2001 H dopo il 2001
STATO DI COMSERVAZIONE DELLA STRUTTURA: | TIFOLOGLA DELLE FINITURE:
A scadente B mediocre | E economiche [+] ardinare
c Bsana D ecoellente | L LTEE

Pagina 1 di 4

—_—

CENTRO STUDI

PLINLVS

DATA COLLECTION
(field survey)



BUILDINGS: EXPOSURE

DB ISTAT

@nsimenl
2001

DATI AGGREGATI
E DISAGGREGATI

INVENTORY AT LOCAL SCALE

DISTRIBUTION OF
VULNERABILITY
CLASSES BY CELL

DB PLINIVS:
Building-by-building collection

PLINIVS
VULNERABILITY DB
PLINIVS POST SEISM
DAMAGE DB

IN TIMES OF PEACE(approx.
95,000 buildings in approx. 250
municipalities)

e Typological features

POST SEISMIC DAMAGE (approx.
170,000 buildings in approx. 500
municipalities)

* Typological characteristics

* Description of the damage

Legenda
Edificato

Perc. Classi Vuln.
0.1-10
10-25

I 25-50

I 50-100

Il 100-150

H A

N B
C

| )




RISK ASSESSMENT | Exposure

= database ISTAT — provides aggregated data
on buildings belonging to a specific census

section;

= PLINIVS FORMS — provide typological and
structural data of the buildings belonging to
the investigated area.

= Vulnerability distribution on each cell

INPUT data

OUTPUT data
) 1' "
<’ o - &

TOOLS

S.AV.E. — Seismic Assessment of

Vulnerability Expectation

It allows you to assign the vulnerability class of
the buildings in the database considered based
on their structural and typological
characteristics;

B.LN.C. - Building Inventory at

National scale for Census area

It allows you to define the distribution in
vulnerability classes of a specific geographical
area belonging to the national territory.
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RISK ASSESSMENT | Exposure

4033394

403393

DEFINITION OF THE INTERESTED AREA
DEFINITION OF THE BUILDINGS’
ALLOCATION ON THE CELLS

CLASS FOR THE BUILDINGS SURVEYED

ESTIMATION OF THE VULNERABILITY
SAVE. method
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is a procedure developed by the
PLINIVS Study Center to define the
seismic behavior of a building with

known typological characteristics




RISK ASSESSMENT | Exposure

GRID 250X250m

ZONE i

CELLc

buindings of the zone i and census zone j with vulnerability class k:

gk = El-kj’R when E]-ISTAT/EJR <1
ij 7 ) pkR pkR_ pkR k / pISTAT R ISTAT /R
E"+E;; = E;" + Ef [E[*™" - (Ejj—E when EPTTJER > 1

n
buildings of the cell c and vulnerability class k: ~ EfST4T = Z ESSTAT
i=1

B I N C ME'I‘HOD is a procedure developed by the PLINIVS Study Center to estimate a distribution of relevant
AN, buildings on the vulnerability class by exploiting thedataset ISTAT (dataset CENSUS)

C cell

J census section

i zone, intersection of the grid with the census
section

k vulnerability class (k=A, B, C, D)
number of zone in the cell ¢

E; oBTAT ISTAT buildings in the zone i belonging to the

census zone j having class k

EBIATISTAT buildings with vulnerability class k of the
census section |

Si built area of the zone i belonging to census zone |

5 built area of the census zone j

ESTAT ISTAT building having vulnerability class k belonging
to the cell ¢



RISK ASSESSMENT | Exposure

DEFINITION OF THE AFFECTED AREA

GRILLE CONSTRUCTION:
250 X250 m

DEFINING THE ALLOCATION OF
BUILDINGS ON CELLS

ESTIMATION OF THE VULNERABILITY
CLASS FOR THE BUILDINGS SURVEYED

ESTIMATION OF VULNERABILITY CLASS

BIN.C. method

is a procedure developed by the
PLINIVS Study Center to estimate a
distribution of relevant buildings on
the vulnerability class by exploiting
the ISTAT dataset (CENSUS dataset).

FOR UNDETECTED BUILDINGS

399393 \/

o 4 399397 ¢

e

399399L\

399394

400398~

400393 2400397

401393 401395 401399

4033394 403395 403396 403397

403393 © 203399

&




RISK ASSESSMENT | Exposure

DEFINITION OF THE AFFECTED AREA

GRID CONSTRUCTION:
250mXx250m

DEFINING THE ALLOCATION OF
BUILDINGS ON CELLS
ESTIMATION OF THE VULNERABILITY
CLASS FOR THE BUILDINGS SURVEYED
ESTIMATION OF YULNERABILITY CLASS
FOR UNDETECTED BUILDINGS
EXPOSURE DEFINITION
ON CELLS




RISK ASSESSMENT | Vulnerability

VULNERABILITY. Sensitivity of an element exposed to a natural event. Probability
that the exposed element will suffer a certain level of daomage or change in status,
with reference to an appropriate scale, as a result of the occurrence of natural
events of assigned intensity.

SINGLE BUILDING ANALYSIS BUILDING CLASS ANALYSIS

etrsie Sisma 30,

=

Figure 1: Hypothetical vulnerability curve EIVIPIRICA

Damage % METHODS
100% Type A 2. ANALYTICAL

Type B METHODS
/ 3.  HYBRID METHODS

zzzzz

2185097

ssssssss

0%

Hazard intensity

.;

DETERMINISTIC ANALYSIS OF THE STATISTICAL ANALYSIS OF THE CAPACITIES OF A CLASS
CAPACITIES OF THE INDIVIDUAL BUILDING | OF BUILDINGS, CHARACTERIZED BY SIMILAR BEHAVIOR
WITH REGARD TO SEISMIC EVENTS

4 4

DESIGN/ BUILDING VERIFICATION VULNERABILITY

Source: Eqecat



RISK ASSESSMENT | Vulnerability

VULNERABILITY. Sensitivity of an element exposed to a natural event. Probability that the exposed
element will suffer a certain level of damage or change in status, with reference to an appropriate
scale, as aresult of the occurrence of natural events of assigned intensity.

EARTHQUAKES: VULNERABILITY OF ORDINARY BUILDINGS

VULNERABILITY CLASSES HORIZONTAL STRUCTURES
Poor stiffness Poor technology Medium stiffness Medium high stiffness High stiffness
VERTICAL STRUCTURES LB EEEL, EIE “ " * Vaults and/or wooden Reinforced concrete
and/or wooden floor (e.g.“SAP” floor*) floor (without ties) Iron beam floor and steel floors
(without ties)
Weak masonry
Rubble masonry neglected = S8 e - AS
Medium quality
Rubble masonry maintained S he Bs Bs Bs
SISO As As Bs Bs Cs
Squared masonry
Framed structures (RC or steel) - Bs - Ds

* SAP floor (self- supporting floor) is a typical Italian horizontal structure, made of clay/cement mix with smooth bars at intrados. Thls technology is considered very
dangerous because of the cement casting superior slab does not cover the reinforcement bars inserted in the hollow tile.

VULNERABILITY

CuU RVES(empiricoI approach)
Observational probabilism
Approach based on statistical &
analyses of the distribution of ¢ : : : A
. —— v o - 0 - &~

dOThOge " relT?]Ter fo TZC:TO;’;]IC . - . : D: lnt:nsitytlEMS‘S!Bz) _._:, ,:, _DZ *(: Dsg lntleonsnvx(lws'slsz) _._; ;_o: m; o: In:nsikvl(!EMS';;) .._:1 :z—oz ~o: o: '":"‘"VI(EMS';;)
earthquakes that occurred in the

past.




RISK ASSESSMENT| Vulnerability

ARTHQUAKES: VULNERABILITY OF ROAD SECTIONS
I R I ~JEE [ WL/ TP _ P Il etk
Al RN V) Y DISTRIBUTION OF
W VULNERABILITY CLASSES

b i
[ At B
2oy ¥

SEISMIC DAMAGE
ON BUILDINGS

PROBABILITY OF
BREAKS

MCs
Ncollapses

Pfail

n. of collapsed buildings

vil vii
1 B]

0.63 0.95

In risk analysis, the vulnerability of
road sections

exposed to a natural event is
related to their impracticability.

It could have serious repercussions
on ftraffic and ordinary functions,
even causing an obstacle to
rescue or evacuation operations.

Pre-eruptive phase(area near the crater):
Precursor earthquakes could occur with disastrous
conseqguences such as the interruption of roads
due to the partial or total collapse of the
buildings in front.



RISK ASSESSMENT | Vulnerability

VULNERABILITY. Sensitivity of an element exposed to a natural event. Probability that the exposed
element will suffer a certain level of damage or change in status, with reference to an appropriate
scale, as aresult of the occurrence of natural events of assigned intensity.

ASH FALL: VULNERABILITY OF ORDINARY BUILDINGS

VULNERABILITY CLASSES HYBRID APPROACH:
ROOFS * Numerical analyses (collapse limit state)
Type Description
Ar Weak pitched wooden roof MONTE CARLO

Flat standard wooden roof SIMULATION
Br Reinforced concrete flat roof- SAP type
Weak steel flat roof

Old flat RC roof

-) \/w

S DU

cir Weak pitched steel roof . E . tal test
Recent flat RC roof Xperimental 1esis
C2r
Recent flat steel roof
Dr Recent pitched RC roof

Recent pitched steel roof

VULNERABILITY CURVES

collapse probability
o0 o0

15 20 25
AF vertical load (kPa)
I =8~ Ar —s—Br —===Clr —+—C2r ——Dr




BUILDINGS: VULNERABILITY- BRADYSEISM

EME"Z'.(:.A:T AP;ROA(t:‘H I  based on the statistical analvsis of the distribution of d EMPIRICAL VULNERABILITY CURVES OF THE
robabilistic observational approach based on the statistical analysis of the distribution of damage
PP Y ! ¢ PHLEGRAEAN BUILDINGS WITH REGARD TO

detected following the bradyseismic crisis of 1983-84.
OF BRADYSEISM LIFTING

ESEMPIO SCHEDA POZZ\

POZZUOLI FORMS VULNERABILITY CURVES (damage, slope/lift)

Slope

.} COMITATO TECIGCO SCIENTIACO PER I BRADISISMO 1 POZZUOLI
S B ALEAVENT) 00 DU € BELLA WAGMBLTA B EIFH PSR U2 ASTAZONE § NETD

COMUNE DI POZZUOLI

CLASSE DI VULNERABILITA A

100%

CLASSE DI VULNERABILITA B

75% 100%

SCHEDE POZZUOLI o _— T00% CLASSE DI VULNERABILITA C
Schede di rilevamento del danno e della
vulnerabilifa degli edifici per uso abitazione o misto
in Pozzuoli
|
|

25% 50% 75%

0% 25% 50%
0,000 0,010
—nD1 D2 — 0% 4 25%
0,000 0
—D1 L 0%
0,000 0,010 0,020 0,030
Lift —nD1 D2 ——D3 ——D4 ——D5

CLASSE DI VULNERABILITA A

CLASSE DI VULNERABILITA B

S5 CLASSE DI VULNERABILITA C
75% 100%
25% 0% 750
0% 4 .
o~ @ ' 0,000 o 0%
[ 2 | e | P - o
. 0% 25%
TUNT . . . 0,000
» Digitalizzazione di 3616 schede Pozzuoli o1 - —
* Geolocalizzazione di 1144 schede 0,000 0,500 1,000 1500
—D1 p2 ——D3 =—D4 —D5

¢ |ndividuazione unita strutturali




RISK ASSESSMENT| Vulnerability

VULNERABILITY. Sensitivity of an element exposed to a natural event. Probability that the exposed

element will suffer a certain level of damage or change in status, with reference to an appropriate
scale, as aresult of the occurrence of natural events of assigned intensity.

PRIROCLASTIC FLOWS: VULNERABILITY OF ORDINARY BUILDINGS

VULNERABILITY CLASSES VULNERABILITY CURVES LIE I GENG Besalzinig
DO No damage
Classe | Descrizione ..Negligible damage to structural elements . . ...
3-4 storey weak masonry buildings with D1 | Light Damage ..Negligible damage to infills ... .. .. ... .. ..
deformable horizontals Breakage of large or weak openings
A ) — . Moderate damage to structural elements
Weak OI’ I’ESIStant masonry bUIldIngSWIth .......................... -. .- ..............................
ore than 4 floors e D2 | Moderate Damage | Moderate damage toweakinfills . ... ...
> — reimstoatedl | Breakage of medium-strength openings
S Medium_strength masonry bu||d|ngs of 1-2 . CLASS € . .CI.ASSD ¥ . z.e\.l.erg .ga.r:n.a.ge. .t(.) .S]:!’L.J(.:kt.'::lr:fa:ll.lgl.e.m.ep.l:s .......................
3 storeys with deformable horizontals 80— Bo D3 H D evere damage to weax infills.
2 2 eavy Damage L
= B E= / i Inafew cases, total collapse of the infills
2 05 - - 8 05 - .
Durable masonry buildings with more than 3 ot s F / I I Brea_kmg Strong Openings
floors and rigid horizontals o ; é_, o : : D4 Partial collapse .. Partial collapse of .S_Fr.l:_'(?t.u.r.a.l.ql.em‘?r.‘ts. ......................
Strong masonry buildings of 1-2 storeys and e e L e Breakage of strong infills
C iy E‘ : BI/ 9 Y e e R S e D5 | Collapse Total collapse
rigid horizontals T
Non-seismic reinforced concrete building
D .
h=} with more than 6 floors
S 2
5 2 Non-seismic reinforced concrete building of
= Q E
£ S 4-6 floors : 3 4 s 6 7 5 5w : T e s
[<5) 8 pressione flussi [kPa] ’ nmss:mnﬁu;sl(llﬂ:]
o Non-seismic reinforced concrete building of T oo o = e = =
=
1-3 floors




Access to the EASE application for ash fall scenarios

The automatic simulation model for ash fall (Ash Fall) allows to evaluate the damage to the roofs of buildings
induced by the ground deposits estimated by INGV, thanks to a link between DPC-PLINIVS-INGV

PROTEZIONE CIVILE

Presidenza del Consiglio dei Ministri
Dipartimento della Protezione Civile

@Earthquake AShfall Evaluation (E.AS.




Access to the EASE application for ash fall scenarios

OEarthquake AShfall Evaluation (E.A.S.E) Hai bisogno di accedere al sistema?

COLLABORAZIONE
Accedi al sistema

Earthquake AShfall Evaluation (E.A.S.E)

Procedura automatica per lo sviluppo delle
valutazioni di impatto in tempo reale per
effetto di sequenza pre-eruttive e della PROTEZIONE CIVILE

ricaduta da cenere nelle aree del Vesuvio e Presidenza del Consigio dei Mnisti
dei Campi Flegrei Diparimento defa Proiezione Civie

E-mail / Username

Password

ARES 2017/ /\A@—; ..........

Aggiornamento analisi di Rischio e di Scenario al f;ﬂiﬁfl\l}l§

Vesucio e ai Campi Flegrei

UNIVERSITA DEGLISTUDI DINAFOU FEDERICO It

{

Dashboard Dashboard - ritorna al pannello principale con la visione d’insieme degli ultimi eventi acquisiti.

Gestione tieny Gestione Utenti — solo per gli amministratori siste

Modifica Password > . .
Modifica Password — permette il cambio password dell’utente.

Config. Sistema

Config. Sistema — accede alle pagine di configurazione parametri di funzionamento del sistema (solo per amministratori)
Archivio Eventi EQ

Archivio Eventi EQ — consente I'accesso all’elenco degli eventi sismici acquisiti dai servizi INGV.
Archivio Eventi ASH

IFR At EVento EQ Archivio Eventi ASH — consente I'accesso all’elenco degli scenari di distribuzione cenere vulcanici acquisiti da INGV.
mpatto cvento

Impatto Evento ASH Impatto Evento EQ — porta alla sezione per la visualizzazione dei risultati di impatto scenario sismico.

Registro Simulazioni Impatto Evento ASH - porta alla sezione per la visualizzazione dei risultati ti impatto scenario vulcanico.

&
a8
-
(-
=
-
=
(-
-

Nuova Simulazione Registro simulazioni — visualizza ’elenco delle simulazioni elaborate (amministratori)




Web Services for Ash Fall Scenarios

REEA = = Evento

Browser o®
Filtra per data 2 -
I8Y®*O
Favorites.
» " spatial Bookmarks
» [® Project Home
» [G) Home
Q ' /
-~ D Data Evento Zo| ¥ @ GeoPackage
(] 68332 2022-06-13 00:00:00 cam ; Spatialite
»
(m] 68315 2022-06-12 00:00:00 % :x:“;r::g"
0 68317 2022-06-12 00:00:00 canl 3 wssL server
O 68305  2022-06-12 00:00:00 car » @B WMS/WMTS
o 68283 2022-06-11 00:00:00 Cam
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Web Services for Ash Fall Scenarios

The connection with INGV allows the elaboration of a map of the ground load from ash fallout in kg/m2, as a
function of the direction of the stratospheric winds and three possible eruptive scales (small, medium and large)

INPUT: AsH FALLOUT DUE TO ERUPTION AT CAMPI FLEGREI OF "MEDIUM" SCALE AT TIME T=0

P.LIN.LV.S. | Centro Studi per I'ingegneria Vulcanica Sismica e ldrogeologica “%m‘f“m
Centro Interdipartimentale di Ricerca L.U.P.T. "Raffaele d’Ambrosio” 2019-10-18 00:00:00 ID:42118
O, NOTE
WS S Fonte dati: dati di pericolosita valutati
& E—tﬁrm s'r_:}?-' & A " Pericolosita ppa della del carico da ricaduta di per ione ai Campi Flegrei di scala "Media" dallINGV omcem;mlifenmeni in caso
INGV INIVS =7 T di eruzione ai Campi Flegrei

COMUNE

Pozzuoli

Napoli

1 -5 Kosma
5 - 10 Kasma
10 - B0 Kamma

- - 1000 Kasma

) Zona rossa




Web Services for Ash Fall Scenarios

The combination of repository data with PLINIVS models of vulnerability and exposure provides the estimation of
DAMAGE, in terms of collapsed roofs and homelessness.

OUTPUT: ROOFS COLLAPSED BY ERUPTION AT CAMPI FLEGREI OF "MEDIUM" SCALE AT TIME T=0

P.LIN.LV.S. | Centro Studi per I'ingegneria Vulcanica Sismica e Idrogeologica s“""‘fms";g:::"‘“
Centro Interdipartimentale di Ricerca L.U.P.T. "Raffaele d'Ambrosio" 2019-10-18 00:00:00 1D:42118
= NOTE
i /A_ } leeda:rdatiaipg:mosna‘vm
b, PLINIVS : Mappa della distribuzione del numero di coperture collassate (D4/D5) dall'lN(;m:ng I ’;anmpi an caso
74 ) ~——
Giugl x{,mnm, ——‘\\
N5 RN Hmcto Coperture collassate per comune per Eruzione "Media" [n°]
s CODICE
e — i“ ISTAT COMUNE
\ 63049 Napoli 1909
\ 63060 Pozzuoli 780
|
| {
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| Sy
|l \ T ™y
) o 4 > L ...
I i § P
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Pt am— [ N
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Access to the EASE application for seismic impact scenarios and related web services

The automatic simulation model for EARTHQUAKES allows to evaluate the damage to buildings and occupants
induced by a seismic event recorded by INGV, thanks to a direct link between DPC-PLINIVS-INGV

INGV ShakeMap : Rieti

13"
Map Version 14 Procassed 2016-08-29 15:37:48 UTC.

Not fot| Ught

Very light o
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Access to the EASE application for seismic impact scenarios and related web services
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Access to the EASE application for seismic impact scenarios and related web services

The connection with INGV allows a reading of the event and the elaboration of an Intensity/PGA map.
The figure shows the map of a seismic event at Campi Flegrei, used during the EXEFLEGREI Exercise
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Access to the EASE application for seismic impact scenarios and related web services

The combination of hazard data with PLINIVS models of vulnerability and exposure provides the estimation of

DAMAGE, in terms of collapsed buildings, uninhabitable buildings, deaths, injuries and homelessness.
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Access to the application for the evaluation of the probability of interruption due
to seismic events of the estrangement paths and related web services
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EARTHQUAKE: ROAD SECTION INTERRUPTIONS. FIELD SURVEYS
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Access to the application for the evaluation of the probability of interruption due
to seismic events of the estrangement paths and related web services

Based on the damage data to the building, the model also provides the PROBABILITIES OF INTERRUPTION OF
ROAD SECTIONS, in order to support emergency management operations.
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SCENARIO OF SEISMIC DAMAGE TO ROAD SECTIONS

"Vecchio Grafo" produced by the University of Rome La Sapienza

CAMPI FLEGREI: MAP OF THE INTERRUPTION OF ESCAPE ROUTES
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SCENARIO OF SEISMIC DAMAGE TO ROAD SECTIONS

CAMPI FLEGREI: MAP OF THE INTERRUPTION OF ESCAPE ROUTES

NTA : z : : < :
Legenda g \ / QUARTO ¢ {7 , ;
Probabilita interruzione dei | ' > : . Q. G5 .

rami percorsi vie di fuga con

intensita macrosisma VIII EMS
— < 0.2
-—0.2-04
0.4 - 0.6
>
Nodi vie di fuga
@ CANCELLO
O NODO
Strade
Vie di fuga 1~ livello
== \fie di fuga
Altre strade BT G
Direzione flusso
%

Zona studio

Edificato

Confini comunali
et |

-

WORK IN PROGRESS:
AUTOMATION INTERRUPTION OF
ROAD SECTIONS AND UPDATING FROM
FIELD SURVEY ACTIVITIES




Access to the bradyseismic impact assessment application
WEB APPLICATION FOR THE MANAGEMENT OF THE PROCEDURE FOR THE EVALUATION OF

THE BEHAVIOUR OF ORDINARY PHLEGRAEAN BUILDINGS TO THE PHENOMENON OF
BRADYSEISM

The connection with IREA and INGV allows a reading of the lifts and the elaboration of a map of lifts/slopes.

Web Application
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Access to the bradyseismic impact assessment application
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Access to the bradyseismic impact assessment application

The combination of lift data with PLINIVS models of vulnerability and exposure provides an estimate of damage
to buildings.
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Scenarios from pyroclastic flows

PYROCLASTIC FLOW HAZARDS
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Scenarios from pyroclastic flows

IMPACT FROM PYROCLASTIC FLOWS
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The only defense for the population is to move away from the area at greatest risk, i.e. the one that can be
invaded by pyroclastic flows, before the start of the eruption, based on the analysis of the precursory phenomena
monitored by the surveillance system of the Vesuvius Observatory.




PLINIVS activities for D.L.

In agreement with INGV-QV, the possible area of intervention was delimited,
identifying the Phlegraean area characterized by:

* earthquakes with a magnitude greater than 2 since 1983

(PLINIVS processing of INGV-OV data, https://terremoti.ov.ingv.it/gossip);

* and bradyseismic uplifts of not less than 10 cm starting from 2015,

corresponding to about 20 cm from 2006
(from PLINIVS processing of the data produced by CNR-IREA and updated in May 2023).
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https://terremoti.ov.ingv.it/gossip

PLINIVS activities for D.L. 140
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' < = PLINVS has collected georeferenced data
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”‘ 4,000 in the Municipality of Pozzuoli).
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PLINIVS activities for D.L.

The database of the Phlegraean building has allowed the definition of a
vulnerability index for CELL (250x250m) of the INTERVENTION ZONE, on

the basis of well-founded statistical procedures:

* on the analysis of the damage to the building occurred as a result of past
seismic events (SAVE);

* on the correlations between the data collected and those of ISTAT (BINC).
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Art. 2 del D.L. 140/2023

= Art. 2. Extraordinary plan for the analysis of the
vulnerability of built-up areas directly affected by the
bradyseismic phenomenon

It consists of:

a) seismic microzonation study;

b) analysis of the seismic vulnerability of private buildings, aimed at identifying
mitigation measures and estimating the related needs;

¢) analysis of the seismic vulnerability of public buildings and, at the outcome,
first plan of mitigation measures;

d) Seismic and structural monitoring implementation program.




Art. 2b del D.L. 140/2023

Seismic vulnerability analysis of private buildings:

The field investigations are aimed at the typological-structural
characterization of ordinary private buildings, containing the typological
elements that are most related to their vulnerability characteristics, for the
purpose of their classification into vulnerability bands.

2 LEVELS OF VULNERABILITY DEEPENING

* First expeditious reconnaissance extended to all

the residential buildings in the intervention
G area, to complete the previous inspection PLINIVS
campaign conducted by the PLINIVS Study FORM
Center.
* Schedule tool: PLINVS.
e Compilation of the CARTIS Compartment Form CARTIS
for the 3 Municipalities of the intervention area SECTORS FORM
a * In-depth analysis of a sample of buildings
included in the intervention area, by filling in CARTIS BUILD

FORM

the CARTIS Building Form.




Pathways of Distancing
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Possible rubble, potentially occupying
the roadway, as a result of partial or
total collapse of buildings in front of

it, could prevent or slow down any
rescue or evacuation operations in
the area.

The in-depth analysis of the
vulnerability of ordinary
buildings can have a positive
impact on the improvement
of the models for assessing
the probability of
interruption of road
sections linked to the
possible collapse of facing
buildings induced by
precursory earthquakes.




Multi-risk mitigation

BENEFITS of Deepening Vulnerabilities:

* Better knowledge of the building fabric
with regard to seismic and volcanic
phenomena.

* Risk reduction through the implementation
of ad hoc mitigation measures.

* Opportunity to adopt integrated
adaptation strategies that reduce the risk
from geophysical and climatic phenomena,

in line with the logic of the PNRR.

Climate
change
adaptation
UNFCCC

Reducing
vulnerability
TR EELE Disaster Risk and enhancing
Development Reduction resilience

Goals Sendai
2030 Agenda Framework



Monitoring

The accuracy of seismic and volcanic risk assessments in the

Phlegraean area can be improved through the strengthening of
GEOPHYSICAL and STRUCTURAL MONITORING
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