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RISK ASSESSMENT| Hazard

EXPLOSIVE ERUPTIONS
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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.

APrecursor earthquakes
AAsh Fall
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RISK ASSESSMENBxposure

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 .

<
PERSONE EDIEICI STRADE RETI
A Earthquake ( EQ) A Earthquake ( EQ) A Eartquake (EQ)

A Eartquake (EQ)
A Ash fall (AF)

A Ash fall (AF) A Ash fall (AF)

A Bradisismo (BR



RISK ASSESSMENBxposure

SCHEDA DI RILIEVO PLINIVS T

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

multi-hazard (Geologici & Cambiamenti Climatici)

runi

LINLVS

SEZIONE 1 - ATTIVITA DI RILIEVO

10 RILEVATORE: [ 11 pata: [ [ T [ [ [ [ ] Accessomriuevo: A- diettc Bo  indeetta
. ) parzialmerte
COMPLETAMENTO DELLA SCHEDA: A - comgletata Bo D nietata Co  vuota
SEZIONE 2 - IDENTIFICAZIONE
CODICE ISTAT REGIONE: || | CODICE ISTAT PROVINCIA: | | | | CODICE ISTATCOMUNE: | | | |
N AGGREGATO: M. EDIFICHO: COMUNE
PRESEMZA DELLA GEOMETRIA DELLEDIFICIO SULLA CTR: E] [
SEZIONE 2 - INFORMAZIONI GENERALI
TIPD DN EDIFICI0:
A 1 edificie ordinana 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
-1 Y10 u deposio pesants W o, parage
z altre: spogliated, bungalow, . 7 e class. come adif. sulamamo
[ DESTINAZIONE D'USO:
A S singtura agricala ND nego al dettagha HI negazi alllingrassa
oM afficine meccaniche 5T servizi tecnici professicnal B banche
H aspadall HP cliniche & ambulatarl R mtrattanimenta & ricraagione
T S teatri K parcheggi 3 scuale
u univergith P uffici pubblici Fl uifici per il pranto interenta
P industrie pasanti L industrie laggera 1K ndustrie chimicha
IM O ingustrie metaurgiche L industrie alta tecralogis IE mdustrie per ledilizia
CH chiese e oeganizzazioni no prafd. RE renidenza RT alloggi tempaoransi
by dommiten pubblici HP 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
_ seudle, prefenture, 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:
A0 scadente B mediocre | E economiche [+] ardinare
c Bsana D ecoellente L LTEE
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BUILDINGSXEXPOSURE

DB ISTAT

@nsimenl
2001

DATI AGGREGATI
E DISAGGREGATI

DB PLINIVS:

Building-by-building collection

PLINIVS
VULNERABILITY DB
PLINIVS POST SEIS
DAMAGE DB

IN TIMES OF PEA@)#brox.
95,000 buildings in approx. 250
municipalitie3

A Typological features

POST SEISMIC DAMAGSprox.
170,000 buildings in approx. 500
municipalitiey

A Typological characteristics

A Description of the damage
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RISK ASSESSMENHXxposure

section

APLINIVSFORMSc provide typological and
structuraldata of the buildingsbelongingto
the investigatechrea

INPUT data

AdatabaselSTAT¢ providesaggregateddata
on buildingsbelongingto a specificcensus

OUTPUT data
AVulnerabilitydistributionon eachcell
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TOOLS

SAV.E ¢ Seismic Assessment of

Vulnerability Expectation

It allowsyouto assignthe vulnerabilityclassof
the buildingsin the databaseconsideredbased
on their structural and typological
characteristics

B..N.C ¢ Building Inventory at

National scalefor Censusarea

It allows you to define the distribution in
vulnerability classesof a specificgeographical
areabelongingo the nationalterritory.
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DEFINITION OF THE BUILDINGS’

ALLOCATION ON THE CELLS

ESTIMATION OF THE VULNERABILITY
CLASS FOR THE BUILDINGS SURVEYED

S.A.V.E. method

is a procedure developed by the
PLINIVSStudy Center to define the
seismic behavior of a building with
known typologicalcharacteristics




RISK ASSESSMENBxposure

B I N C is a procedure developed by the PLINIVS Study Center to estimate a distribution of relevant
« 1. . " buildings on the vulnerability class by exploiting ttedaset ISTAT (dataset CENSUS)

GRID 250X250m C cell
| j censussection
i zone, intersectionof the grid with the census
section
ZONE Kk vulnerabilityclass k= A, B, C, D)
numberof zone in thecellc
E ISTAT ISTATbuildingsin the zone i belongingto the
censuszonej havingclassk

EXISTATSTAT buildings witlulnerabilityclassk of the
| censussectionj

CELk

S built area of the zond belongingto census zong
buindinggof the zonei and census zongwith vulnerabilityclassk: S built areaof the censuszone|
o" xEAD O op EXISTATISTATbuilding having vulnerabilityclassk belonging
o" o" o" oo 00 O Qe O op to the cellc

buildings of thecellc andvulnerabilityclass k: 0 " o



RISK ASSESSMENBxposure

DEFINITION OF THEAFFECTED 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

FOR UNDETECTED BUILDINGS

is_a progqdure deyeloped by the
MIéith@@‘r to estimate a

distribution of relevant buildings on

the vulnerability class by exploiting
the ISTATdataset (CENSUS$ataset).
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RISK ASSESSMENHBxposure
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DEFINITION OF THE AFFECTED AREA

GRID CONSTRUCTION:
250mx250m

DEFINING THE ALLOCATION OF
BUILDINGS ON CELLS

ESTIMATION OF THE VULNERABILITY
CLASS FOR THE BUILDINGS SURVEYED
ESTIMATION OF VULNERABILITY CLASS
FOR UNDETECTED BUILDINGS
EXPOSURE DEFINITION
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RISK ASSESSMENT\ulnerability

VULNERABILIT.YSensitivity 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 a result of the occurrence of natural

events of assigned intensity .
SINGLE BUILDING ANALYSIS BUILDING CLASS ANALYSIS

Figure 1: Hypothetical vulnerability curve 1 EMPIRICAL
Damage % METHQDS

100% TypeA 2. ANAMNYTI@AL

Type B METHQDRS
/ 3. HYBRIOVWEHOISBDS

zzzzz

2185097

5620055

0%

Hazard intensity

.;

DETERMINISTIC ANALYSIS OF TH : STATISTICAL ANALYSIS OF THE CAPACITIES OF /. CLASS
CAPACITIES OF THE INDIVIDUAL BUIL DIISBUILDINGS, CHARACTERIZED BY SIMILAR BEIIAVIOR
WITH REGARD TO SEISMIC EVENTS

4 4

DESIGN/ BUILDING VERIFICATION VULNERABILITY

Source: Eqecat




RISK ASSESSMENMulnerabllity

VULNERABILIT.YSensitivity 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 a result of the occurrence of natural events of assigned intensity .
EARTHQUAKESVYULNERABILITY OF ORDINARY BUILDINGS

VULNERABILITY CLASSES HORIZONTAL STRUCTURES
Poor stiffness Poor technology Medium stiffness Medium high stiffness High stiffness
VERTICAL STRUCTURES S SEEL, VEULES Vaylts and/or wooden Reinforced concrete
and/or wooden floor (e. g. @®SAPooOr : . Iron beam floor
: : floor (without ties) and steel floors

(without ties)
Weak masonry
Rubble masonry neglected % - - e a3
Medium quality
Rubble masonry maintained = - - - =k
S0 Y As As Bs Bs Cs
Squared masonry
Framed structures (RC or steel) - Bs - Ds
* SAP floor (self- supporting y o 0is a typical Italian horizontal structure, made of clay/cement mix with smooth bars at intrados. This technology is conside red very
dangerous because of the cement casting superior slab does not cover the reinforcement bars inserted in the hollow tile.

VULNERABILITY

CURVE&mpirical approach)
Observational probabilism 3
Approach based on statistical &3;
. . . 02
analyses of the distribution of o1 i i . L
1 5 / 8 2 5 6 7 8 9 10 1 12 5 6 7 8 9 10 1 12
dar?hage k reltar']tetd to ::jec‘l_:or::lr? _,_; :2 ___:3 _,: D: lnttnsityl(lEMS‘;az) 01 :, DS =D 059 lnttnsitvx(IEMS';s) 01 02 =+=08 ~=D8 os| intensity (EMS'98) =01 02 —++=08 ~u=D% ps intensity (EMS'98)
earthquakes that occurred in the

past.
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RISK ASSESSMENMulnerabllity

SEISMIC DAMAGE
ON BUILDINGS

ROAD SECTIONS

— el A T

In risk analysis, the vulnerability of
road sections

exposed to a natural event s
related to their impracticability

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

PROBABILITY OF
BREAKS

n. of collapsedbuildings

MCS
N:ollapses
Pail

Vi Vil
1 3
0.63 0.95

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




RISK ASSESSMENMulnerabllity

VULNERABILIT.YSensitivity 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 a result of the occurrence of natural events of assigned intensity .
ASH FALLVULNERABILITY OF ORDINARY BUILDINGS

VULNERABILITY CLASSES

HYBRID APPROACH:

ROOFS A 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

Cilr : -
Weak pitched steel roof A E . |
Recent flat RC roof Xpenmenta tests
C2r
Recent flat steel roof
Dr Recent pitched RC roof

Recent pitched steel roof

VULNERABILITY CURVES,

1
),9
8

o

R &
v N

collapse probab
2888

15 20 25
AF vertical load (kPa)

I =8~ AT =t~ Br =—s=Clr —#—C2r —&~Dr




BUILDINGSULNERABIL BRADYSEISM

E%Eﬁ:ﬁsﬁzzsecr)\éact:isnal approach based on the statistical analysis of the distribution of d EMEIRICAL VULNERABILITY CURVES OF 1
detected following thebradyseismicrisis of 19834. aﬁ]ﬁﬁ‘EG RAEAN BUILDINGS WITH REGARD

OF BRADYSEISM LIFTING

ESEMPIO SCHEDA POZZ\

POZZUOLI FORMS VULNERABILITY CURVES (damage, slope/lift
Slope
SCHEDE POZZUOLI
se o b Lli
\.:w o Z::b @5&@4 A YR

A Digitalizzazione di 3616 schede Pozzuoli
A Geolocalizzazione diA1144 schede
ALYRAGARdIzZET A2y S dzyAdlt &id NHzd G dzNJ € A




