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Volcanic Emergency Management 



RISK ASSESSMENTS 

Pericolosità Esposizione
Persone ed edifici nelle aree a 

rischio

Vulnerabilità
Come le persone e gli edifici 

reagiscono allôevento

Probabilità di essere

distrutto

Probabilità di essere 

danneggiato

Probabilità di non essere 

danneggiato

Hazard Exposure 
People and buildings in the area 

 

Vulnerability 
Behaviour of people and buildings with 
respect to the event 

Probability to be destroyed 

 

Probability to be damaged 

 

Probability to not be damaged 

 



TOOL PLINIVS 

ÅEASE. Ashfall. 

ÅEASE. Earthquake/Buildings. 

ÅEASE. Earthquake/Roads. 

ÅDEB. Bradiseism 

EXPOSURE HAZARD VULNERABILITY 

NATIONAL CENSUS DATABASE + 
DATA COLLECION 

Vulnerability 
Curves 
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RISK ASSESSMENT| Hazard 

 
EXPLOSIVE ERUPTIONS 

Earthquake 

 
 
Å Precursor earthquakes 

Å Ash Fall 

Å Pyroclastic flows 

Å Landslides 

Å Lahars (Vesuvius) 

Å Tsunami 

Å Bombs and Missile 

Å Bradyseism (Campi Flegrei) 

 
ACTIONS CONSIDERED IN 
THE PLANNING OF 
VOLCANIC EMERGENCIES 
AT VESUVIUS AND CAMPI 
FLEGREI 



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 STRADE 

Å Eartquake  (EQ) 

Å Ash fall ( AF) 

Å Earthquake ( EQ) 

Å Ash fall ( AF) 

Å Bradisismo (BR) 

Å Earthquake ( EQ) 
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EDIFICI 

Å Eartquake  (EQ) 

Å Ash fall ( AF) 

RETI 



 
DATA COLLECTION  

(field survey)  
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DB ISTAT 

POST SEISMIC DAMAGE (approx. 
170,000 buildings in approx. 500 
municipalities)  
Å Typological characteristics 
ÅDescription of the damage 

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

PLINIVS POST SEISM 
DAMAGE DB 

PLINIVS 
VULNERABILITY DB 

A

B

C

D

DB PLINIVS:  
Building-by-building collection 

DISTRIBUTION OF 
VULNERABILITY 
CLASSES BY CELL 
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DATI AGGREGATI 

E DISAGGREGATI 

BUILDINGS: EXPOSURE INVENTORY AT LOCAL SCALE 



INPUT data TOOLS 

Ádatabase ISTAT ς provides aggregated data 
on buildings belonging to a specific census 
section; 

ÁPLINIVS FORMS ς provide typological and 
structural data of the buildings belonging to 
the investigated area. 

Á 

S.A.V.E. ς 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.I.N.C. ς 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.  

OUTPUT data 

ÁVulnerability distribution on each cell 

A

B

C

D
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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 

S.A.V.E. method  

RISK ASSESSMENT| Exposure  

 



B.I.N.C. 
METHOD  

Ὁȟ Ὁȟ
ȟ

 

  

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

buildings of the cell c and vulnerability class k: 

SEZIONE CENSUARIA j

GRIGLIA 250x250m

CELLAc

ZONA i

GRID 250X250m 

CENSUS SECTION j 

CELL c 

ZONE i 

c  cell 

j  census section 

i  zone, intersection of the grid with the census 
section 

k  vulnerability class (k = A, B, C, D) 

n number of zone in the cell c 

Ei,j
k,ISTAT  ISTAT buildings in the zone i belonging to the 

census zone j having class k 

 Ej
k,ISTAT ISTAT buildings with vulnerability class k of the 

census section j 

Sij built area of the zone i belonging to census zone j 

 Sj built area of the census zone j 

Ec
k,ISTAT ISTAT building having vulnerability class k belonging 

to the cell c 
Ὁ

 Ὁȟ                                                                                  ×ÈÅÎ  Ὁ Ὁ ρ

 Ὁȟ Ὁȟ Ὁȟ Ὁ Ὁ ϽὉ Ὁ         ύὬὩὲ Ὁ Ὁ ρ 
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is a procedure developed by the PLINIVS Study Center to estimate a distribution of relevant 

buildings on the vulnerability class by exploiting thedataset ISTAT (dataset CENSUS) 



B.I.N.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). 

RISK ASSESSMENT| Exposure  
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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 a  result of  the  occurrence  of  natural  
events  of  assigned  intensity . 

SINGLE BUILDING ANALYSIS BUILDING CLASS ANALYSIS 

DETERMINISTIC ANALYSIS OF THE 
CAPACITIES OF THE INDIVIDUAL BUILDING 

STATISTICAL ANALYSIS OF THE CAPACITIES OF A CLASS 
OF BUILDINGS, CHARACTERIZED BY SIMILAR BEHAVIOR 

WITH REGARD TO SEISMIC EVENTS 

DESIGN/ BUILDING VERIFICATION VULNERABILITY 

1. EMPIRICAL 
METHODS 

2. ANALYTICAL 
METHODS 

3. HYBRID METHODS 



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 a  result of  the  occurrence  of  natural  events  of  assigned  intensity . 

EARTHQUAKES: VULNERABILITY OF ORDINARY BUILDINGS 

VULNERABILITY 

CURVES(empirical  approach)  

Observational  probabilism  

Approach  based  on  statistical  

analyses  of  the  distribution  of  

damage  related  to  tectonic  

earthquakes  that  occurred  in the  

past . 

 

VULNERABILITY CLASSES HORIZONTAL STRUCTURES 

VERTICAL STRUCTURES 

Poor stiffness Poor technology  Medium stiffness  Medium high stiffness  High stiffness 

Metal sheet, vaults 
and/or wooden floor 

(without ties)  
(e.g.òSAPó floor*) 

Vaults and/or wooden 
floor (without ties)  

Iron beam floor  
Reinforced concrete  

and steel floors  

Weak masonry  
As As As As As 

Rubble masonry neglected  

Medium quality  
As As Bs Bs Bs 

Rubble masonry maintained  
Good masonry  

As As Bs Bs Cs 
Squared masonry  
Framed structures (RC or steel)  - Bs - - Ds 

* SAP floor (self- supporting ÿoor) is 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.  
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In risk analysis, the  vulnerability  of  

road  sections   

exposed  to  a  natural  event  is 
related  to  their  impracticability . 
It could  have  serious repercussions  

on  traffic  and  ordinary  functions,  
even  causing  an  obstacle  to  

rescue  or evacuation  operations . 

 

EARTHQUAKES: VULNERABILITY OF ROAD SECTIONS 
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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 . 
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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 a  result of  the  occurrence  of  natural  events  of  assigned  intensity . 

ASH FALL: VULNERABILITY OF ORDINARY BUILDINGS 

VULNERABILITY CLASSES 

ROOFS 

Type Description  

Ar Weak pitched wooden roof  

Br 

Flat standard wooden roof  

Reinforced concrete flat roof - SAP type  

Weak steel flat roof  

C1r 
Old flat RC roof  

Weak pitched steel roof  

C2r 
Recent flat RC roof  

Recent flat steel roof  

Dr 
Recent pitched RC roof  

Recent pitched steel roof  

MONTE CARLO 

SIMULATION 

p1

L=5m.

d

VULNERABILITY CURVES 

 

 

HYBRID APPROACH: 

Å Numerical analyses (collapse limit state)  

ÅExperimental tests  
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BUILDINGS: VULNERABILITY- BRADYSEISM 

POZZUOLI FORMS VULNERABILITY CURVES (damage, slope/lift) 

EMPIRICAL APPROACH 
Probabilistic observational approach based on the statistical analysis of the distribution of damage 
detected following the bradyseismic crisis of 1983-84. 

Å Digitalizzazione di 3616 schede Pozzuoli 
Å Geolocalizzazione di 1144 schede 
Å LƴŘƛǾƛŘǳŀȊƛƻƴŜ ǳƴƛǘŁ ǎǘǊǳǘǘǳǊŀƭƛ 

Slope 

Lift  

EMPIRICAL VULNERABILITY CURVES OF THE 
PHLEGRAEAN BUILDINGS WITH REGARD TO 
OF BRADYSEISM LIFTING 


