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o INTRODUCTORY OVERVIEW OF THE PROBLEM:

o STATE OF THE ART:

o METHODOLOGY:

o RESULTS AND DISCUSSION

o CONCLUSION AND FUTURE DEVELOPMENTS

OUTLINE
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RISK ASSESSMENT

R=f(Hazard, Vulnerability, Exposure)

MAIN CHALLENGES

o

o

o

o

o

INTRODUCTION

Problem definition

1908

2016



4 | 19

1. BALANCE PRESERVATION AND SAFETY THROUGH PREVENTION

2. PLAN INTERVENTIONS AND PRIORITIZE PREVENTION MEASURES

3. STRENGTHEN THE CONNECTION BETWEEN EMERGENCY AND 

PREVENTION

4. INCLUDE THE PROCESS OF HUMAN EVACUATION INTO THE EMERGENCY 

PLANNING

METHODOLOGY

SCREENING PHASE:
territorial-level 
investigations

Objective: 

Objectives and research methodology

DEVELOPMENT PHASE:
local-level 
investigations

Objective: 

TO PROPOSE AN INTEGRATED METHODOLOGY FOR THE DEVELOPMENT OF A SEISMIC RISK 
MANAGEMENT PLAN IN ITALIAN HISTORIC CENTRES

Key principles:



5 | 19

RISK ASSESSMENT
R=f(Hazard, Vulnerability, Exposure)

RISK MANAGEMENT
4 phases

STATE OF THE ART

Risk assessment, risk management and earthquakes

SEISMIC RISK MANAGEMENT IN 
ITALY 
National Seismic Prevention
Programme

o

o

o

✓



✓
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EMPIRICAL

ANALYTICAL 
(NUMERICAL AND 

MECHANICS)

URBAN SCALE AGGREGATE SCALE BUILDING SCALE

Large-scale vulnerability: from the built environment to the road network
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o

o

DEGREE
CENTRALITY

CLOSENESS
CENTRALITY

BETWEENNESS
CENTRALITY

CD(v)=deg(v)

|𝐶𝐷 𝑛 | =
σ𝑖=1
𝑛 [𝐶𝐷(𝑣

∗) − 𝐶𝐷(𝑣𝑖)]

𝑚𝑎𝑥σ𝑖=1
𝑛 [𝐶𝐷(𝑣

∗) − 𝐶𝐷(𝑣𝑖)]

di,j = distance between vi e vJ, i ≠ j

𝐶𝐶 𝑗 =
1

σ𝑗 𝑑𝑖,𝑗
|𝐶𝐶 𝑗 | =

𝑁 − 1

σ𝑗 𝑑𝑖,𝑗

CB k = ෍

i<j

σi,j (k)

σi,j

σi,j = number of geodesics tra vi e vJ, i ≠ j

|CB k | =

σi<j

σi,j (k)
σi,j

𝐻

𝐻𝑢𝑛𝑑𝑖𝑟𝑒𝑐𝑡𝑒𝑑 =
(n−1)(n−2)

2

𝐻𝑑𝑖𝑟𝑒𝑐𝑡𝑒𝑑 = (n − 1)(n − 2)

Spatial analysis
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a. URBAN 
VULNERABILITY

b. URBAN 
MORPHOLOGY

c. URBAN 
CONFIGURATION

TERRITORIAL-LEVEL: METHODOLOGY

Screening phase: analysis, comparison and synthesis

o

o

o

o

o

o

o

o ҧ𝐂
o

depthmapX
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Case studies: 9 historic centres

SZ=3SZ=3 SZ=3

SZ=3 SZ=2 SZ=2

SZ=3SZ=3 SZ=3
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CERTALDO

Sample results



11 | 19TERRITORIAL-LEVEL: CONCLUSIONS

OVERALL 
CONCLUSIONS

QUALITATIVE 
URBAN 
VULNERABILITY

URBAN 
MORPHOLOGY

SPATIAL ANALYSIS

o

o

o

o

o

o

o

o

o



12 | 19LOCAL-LEVEL: METHODOLOGY

OBJECTIVES

STEPS

Development phase

o

o

depthmapX



13 | 19LOCAL-LEVEL: RESULTS

LUCIGNANO
o

o ° ′ ″

° ′ ″

o

o

o



14 | 19LOCAL-LEVEL: RESULTS

290 FACADES

Step 1: extensive data collection and intensive survey
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133 14
23

237

61

4 8

75

28

6
12
5

206

23 6

Steps 2: elaboration of data and definition of the database



16 | 19LOCAL-LEVEL: RESULTS

Steps 3a and 4a: functional 

analysis and emergency scenario

Steps 3b and 4b: vulnerability 

analysis and damage scenarios
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Steps 3c and 4c: spatial analysis and inaccessibility scenarios

SCENARIO 0 SCENARIO 1 SCENARIO 2 SCENARIO 3 SCENARIO 4

Scenario 0: 

Scenario 1: 

Scenario 2: 

Scenario 3: 

Scenario 4: 
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Steps 5: combination of results

COEFFICIENT OF IMPORTANCE 
(45-th percentile)

INTERVENTION PRIORITIES



19 | 19RESEARCH CONCLUSIONS

o

o

MAIN CONCLUSIONS:

o

o

o

FUTURE DEVELOPMENTS:

o

o

o

o

o


