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Earthquakes are uncertain in size and time of 

occurrence, but not randomly located.

In the picture the size of  circles is proportional earthquake energy (i.e., magnitude).

Intro
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Losses are not following the same distribution

of earthquakes

In the picture the size of  circles is proportional to loss amount. Loss depends on earhtuquake

intensity, damage susceptibility of  built enviroment in the region affected, and value of  goods and 

activities hosted by the damaged built enviroment.

U.S. : High-intensity

earthquakes, low 

vulnerability of  

buildings, high value

of  goods

= low casualties, 

large business loss.

Southern Europe: 

Moderate intensity

earthquakes, high 

vulnerability of  

buildings, high value

of  goods

= large casualties, 

large business loss.

Middle east: 

Moderate intensity

earthquakes, high 

vulnerability of  

buildings, low value

of  goods

= large casualties, 

low business loss.
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Risk = function of: H, V, E.

Frequency and intensity of  the 
ground shaking 

Seismology

Hazard (H)

CAUSE

Copyright  ReLUIS 2009 Photo by  I.Iervolino       

Copyright  ReLUIS 2009            

Photo by P.Ricci, G.M. 

Verderame

Vulnerability (V)

Structural fragility

Structural Engineering

EFFECT

Exposure (E)

Value of  the consequences of  
damaging earthquakes

Risk Management

CONSEQUENCES
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Performance-based earthquake engineering 

framework (PBEE)

Ground motion 

intensity (IM)

IM (e.g., Peak Ground 

Acceleration or PGA)
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PGA= 0.25 g

0.002

PSHA Result of  probabilistic seismic hazard analysis: 

hazard curves

PGA [g]
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Failure 

probability 

conditional 

to IM (e.g., 

PGA)

Measure of  vulnerability: fragility curve
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Quantitative definition of seismic risk and 

quantitative loss measures
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From structural engineers
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The Groningen (NL) case
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AXA XL Risk Consulting
9/26

Insurance



Iunio Iervolino – CERN, 26-27.11.2018

Intro Structure-specific risk Infrastructure riskInsurance Domino Other risksEarly warning Operational forecasting

Optional: Elastic 

Spectra

According to 

: International 
Building Code (IBC, 

2012); Eurocode 8 

(EC8); Italian 
Building Code 
(NTC2008).

1. HAZARD definition

Required Input:

Location of the structure
(geographical coordinates)

Output:

• GSHAP PGA475yrs 

(worldwide)

• INGV PGATr (Italy)

• INGV Hazard Maps (Italy)

• USGS Sa(Ts) Sa(T1) 
(US, Puertorico, Virgin 
Islands, Alaska)

• User-defined IM

2.  FRAGILITY definition

Required Input:

Choose of the Fragility 
Curve from the Inventory

Plot of fragility 
and Hazard

3.  FAILURE 

PROBABILITIES

Computed for the 
Damage States 
provided by the 
fragility curves

• 475 yr. scenario 
loss analysis

• Unconditional 
loss analysis

PBEE tools for insurance industry

(2010-present)
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• Gshap map (Giardini et al., 2009) – worldwide.

• INGV S1 project (including Hazard curves) – Italy.

• USGS 2008 hazard maps (Pedersen et al., 2008) 
US, Haiti, Alaska, Puerto Rico, Virgin Islands.

Hazard databases: 

Datasets included in FRAME

Fragility databases: 

415 sets of fragility curves
• Syner-g. (2009). Deliverable D 3.1. Fragility functions for 

common RC building types in Europe .
• LESSLOSS (2005). Deliverable 84 
• RISK-UE (2001-2004). 
• Jaiswal, K. S., and Wald, D. J. (2010). (PAGER) System. 

• HAZUS  MR4 vulnerability functions (FEMA, 2003)

• Fragility Curves computed for the steel structures of the 
Sulmona Facility (Iervolino et al., 2012)

124 sets of fragility curves

6 sets of fragility curves (steel)

284 Reinforced Concrete
125 Masonry
6 Mixed (RC-Masonry)

36 Reinforced Concrete
16 Precast Concrete
28 Masonry

52 Steel
8 wood

• Provided by AXA Matrix for building, stock and machineries & equipment
• 6 main activity occupancies
• 18 sub-categories of occupancy

Loss functions (ki): 
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Probabilistic
seismic hazard

Structure-
specific fragility

Class-scale 

fragility Life-cycle analysis
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FRAME-feeding software
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6 Regional seismic risk analysis (for building portfolios

or for infrastructure) 

Giorgio M., Iervolino I. (2016) On multi-site probabilistic seismic hazard analysis. Bulletin of the Seismological Society of America. 106(3): 1223–1234.

Infrastructure risk
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L’Aquila Gas distribution System (1/2)

Gas distribution via a 621 km 

pipeline  (STEEL /HDPE ) network: 

• 234 Km at Medium Pressure 

• 387 Km at Low Pressure  

The MP network connection to HP 

network through 3 Metering / 

Pressure Reduction M/R Stations

The transformation of the MP into 

the LP through 300 Final 

Reduction Groups
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Data communication networks

A data communication 

network provides 

connectivity between 

individual networks via a 

complex and hierarchical 

interconnection of  nodes 

and links. 

Computers at the border 

of  the network are 

connected through 

switches and routers that 

manage the traffic. 
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The RIMIC network

• Four main nodes (or 
point of  presence, POP)

• Each node is located in 
a different province

• The node Napoli Monte 
S. Angelo provides 
Internet connectivity to 
the others

• 280 km of  OPTICAL 
FIBERS.
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Infrastructure risk
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Operational forecasting

Operational earthquake loss forecasting

(quasi-real-time PBEE)
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Seismic risk analysis in the process industry (Seveso-type plants)
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Crash and domino effects’ risk analysis for airport facilities (1/2)

Other risks
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Crash and domino effects’ risk analysis for airport facilities (2/2)

Fatality rate

Other risks
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