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EARTHQUAKES OF THE LAST 50 YEARS IN ITALY

Victims and costs
of earthquakes in
the last 50 years Iin
Italy

EMILIA 2012
Mw 5.9
27 victims, 13.300
M€
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FRIULI 1976
Mw 6.4
989 victims, 18.500 M€

UMBRIA-MARCHE
1997 Mw 6.1

11 victims, 13.400
M€

ABRUZZO 2009
Mw 6.3
309 victims, 13.700 M€

MOLISE 2002
Mw 5.7
30 victims, 1.400 M€

1968 — 2017
— 5000 victims
— 150.000 M€

Courtesy of Prof. Angelo Masi


http://zonesismiche.mi.ingv.it/documenti/mappa_opcm3519.pdf

ReLUIS — Competence Centre of Civil Protection Dept.
e What is ReLUIS?

Network of University Laboratories in

Earthquake Engineering
Agreement DPC-ReLUIS signed on 17.4.2003

eThe consortium RelLUIS has many similarities with

other earthquake engineering networks (i.e. Network X s T

Bologncl

for Earthquake Engineering Simulation — NEES and F“"’ syarno
Asian Pacfic Network for Center of Engineering Sena e

Reaserch - ANCER).

Laboratorio ENEA

CngEan

Fal = o Calabria

<RelLUIS, is a interuniversity consortium with the purpose to coordinate the University
Laboratories activity of seismic engineering, giving scientific, organizational, technical and
financial supports to associated University




The role of ReLUIS in the emergency phases

e USABILITY ASSESSMENT OF PUBLIC AND RESIDENTIAL BUILDINGS

< DAMAGE ANALYSIS, REPORT AND GUIDELINES

< |INITIATIVE FOR SEISMIC RISK REDUCTION :
Earthquake: let's talk together — Earthquake | do not risk

VANPAS



POST EARTHQUAKE SAFETY EVALUATION OF BUILDINGS

e USABILITY ASSESSMENT FORMS
Damaqge and Safety assessment

» ATC-20
Applied Technology Council

Posting systems:

* Inspected - Appears safe for lawful occupancy

* Limited Entry / Restricted Use - Some restriction on
use, controlled by building owner/manager

» Unsafe — Entry controlled by jurisdiction

> Aedes Form

Field Manual for post-earthquake damage and safety
assessment and short term countermeasures

Six usability rates:

Unusable but usable after short countermeasures

Partially unusable

Unusable
Unusable due to external risk



POST EARTHQUAKE SAFETY EVALUATION OF BUILDINGS

° USABILITY ASSESSMENT OF PUBLIC AND RESIDENTIAL BUILDINGS
> AeDES Form

Six usability rates:
Usable
Unusable but usable after short countermeasures

Partially unusable

Unusable
Unusable due to external risk

» Vertical structures
* Floors

» Stairs

* Roof

 Infills and Partitions

»Section 4 /5 - Damage to structural an non structural elements and existing short term
countermeasures:;



The role of ReLUIS in the emergency phases
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Post-earthquake decisions

Repair/Retrofit criteria: Policies after L’Aquila earthquake

FEMA 308 (1998)

Damage level

E-B class

Heavy structural

Repair + Retrofit

damage or
(Buﬂqllng classified repair + local upgrade
with E tag) (250 €/m?2)

Insignificant structural
damage
(Building classified
with B/C taqg)

PGA capacity
P GAdemand

60% %NBS ;

Repair works: costs fully covered by public contribution

%NBS =

Retrofit works(E tag) :
mandatory safety threshold 602 NBS (<80 % NBS with public funds)



Post-earthquake decisions
Repair/Retrofit criteria: Policies after L’Aquila earthquake

FEMA 308 (1998)

Damage level

E-B class

Heavy structural
damage
(Building classified
with E tag)

Repair + Retrofit
or

repair + local upgrade; “HEAVY-DAMAGE”
e : RECONSTRUCTION

Insignificant structur
damage [
(Building classified |
with B/C taqg)

| “LIGHT-DAMAGE”
: RECONSTRUCTION

6?)% 0oNBS : PGAcapacity

%WNBS =
& P GAdemand

Repair works: costs fully covered by public contribution
Retrofit works: mandatory safety threshold 6026 NBS (<80 2% NBS with public funds)



Post-earthquake decisions

Policies after L’Aquila earthquake
POlICIes 1Tor B D @ @
demonstrating the ECONOMIC WITHOUT WITHOUT demonstrating
CONVENIENCE demonstrating the the ECONOMIC
ECONOMIC CONVENIENCE

to demolish and rebuild instead of
repair and retrofit up to 60% NBS

(art. 5 comma 1 OPCM 3881)

CONVENIENCE
(forfart grant 500 or

750 €/m?)

(art. 5comma 2 e 3

OPCM 3881)

(SEVERE DAMAGES)
(art. 5 comma 5 OPCM 3881)

For Masonry buildings

For R.C. buildings

¢ partial failure of
bearing walls for at
least 25% of the
building volume

+» excessive residual
deformations

(=1.5% on more than

50% columns of a
storey)

+» weak concrete (fc <8
Mpa)




The reconstruction process detaills

5,775 buildings

Heavy damage?z

Light damage

8%

B or

62...

WHITE BOOK ON THE RECONSTRUCTION
PROCESS OF DAMAGED RESIDENTIAL
BUILDINGS OUTSIDE HISTORICAL
CENTRES AFTER L’AQUILA EARTHQUAKE

Freely downloadble on website www.reluis.it




Reconstruction phases

How much is the reconstruction cost?

repair and seismic strengthening (or demolition and reconstruction) of
private buildings (4.885) outside historical centres of L’Aquila

29 ol s

PHASE I: THE “LIGHT DAMAGE ” RECONSTRUCTION

v’ 2.904 buildings:
Total grant 0,5 billion euros
Mean grant per building 184.000€ (128.000 for repair interv., 70%0)

v 1.951 buildings:
Total grant 2,1 billion euros
Mean grant per building 1 million € (580.000 for repair interv., 58%6)



Reconstruction costs

How much is the reconstruction cost?

repair and seismic strengthening (or demolition and reconstruction) of
private buildings (4.885) outside historical centres of L’Aquila

26 billion euros

1,3 billion euros 0,7 billion euros

Demolition/Reconstruction

4 H 541 buildings out of 2.211
’ m wm (24%0) with severe damage




Heavy damage reconstruction — Demolition
Demolition and reconstruction:

541 buildings (out of 2211) - 24% of the E building stock

n° of Buildings
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301-450 |
451-600
601-750
751-900
901-1050
1051-1200
1201-1350
1351-1500
1501-1650
1651-1800
1801-1950
1951-2100
2101-2250
2251-2400

ety
S

=
e

421 buildings: repair and retrofit
economically not viable

22 Buldings forfait grant of 750 €/m?
17 Buldings forfait grant of 500 €/m?

44 masonry buildings partially
collapsed (more than 25% in volume);

1 R.C. building: more than 50% of
storey’s columns with a drift greater
than 1.5% ;

34 R.C. buildings: average
compressive cylindrical strength fcm< 8
MPa

-Demolition and reconstruction mean cost: 1192,00 €/m?



ACTUAL REPAIR COST OF MASONRY BUILDINGS
REPAIR COST e Residential buildings
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ACTUAL REPAIR COST OF MASONRY BUILDINGS

N. of buildings

REPAIR COST
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ACTUAL REPAIR COSTS AT COMPONENT LEVEL
e Loss assessment in modern seismic engineering

In this context, the analysis of actual repair costs at component level could
very helpful

This was done first in the aftermath
of 1994 Northridge earthquake
(Kircher, 2003)

Disaggregation the total repair costs to evaluate
the impact of structural/non-structural components

and drift/acceleration sensitive components

REFINED LOSS-ASSESSMENT  FRAMEWORKS
SUCH AS THE FEMA P-58

to have insights on the components we need
to protect to reduce the expected losses



ACTUAL REPAIR COSTS AT COMPONENT LEVEL

Component classification
according to

FEMA P-58 (2012):

1) Structural components
2) Infills and partitions
3) Windows/doors

4) Plumbing and
electrical system

7) External works

Analysis carried out on a
subset of 120 R.C. buildings
representative of the whole
dataset (similar cost
frequancy trends)



ACTUAL REPAIR COSTS AT COMPONENT LEVEL

Actual Repair Cost €/m?
Reconstruction cost, 20CR

Heavy-Damage Heavy-Damage

Structural components (2%—6%)* *Demolished buildings not included; up to 10%6

excluding buildings without structural damage
Infills and partitions (42%6-58%b)

Plumbing and electrical system (10%6-12%b)
. Windows/doors (7%26-9%0)

Other non-structural components (12%6-15%0)



ACTUAL REPAIR COSTS AT COMPONENT LEVEL

B Accel/Drift gensitive (A/D)
350 Acceleration sensitive (A)

® Drift sensitive (D)

N
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Reconstruction cost, 20CR

100

LB B B

1 11
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Heavy Damage

Drift Sensitive Components (63%06-70%0):
- Structures, Infills and partitions, doors/windows, stairs (FEMA P-58, 2012)00000

Acceleration Sensitive Components (15%6-21%0):
- Floor finishes, roof, chimneys, tiles, sanitary and other equipment

Del Vecchio, C.. Di Ludovico, M., Pampanin, S., Prota, A., 2018. Repair costs of existing rc buildings damaged by the I'aquila earthquake
and comparison with FEMA P-58 predictions. Earthquake Spectra, Vol. 34, No. 1, pp. 237-263



STRENGHTENING INTERVANTION AND UNIT COSTS

Light-Damage Heavy-Damage Buildings
Buildings

28%o of buildings strength. with FRP  58%6 of buildings strength. with FRP
Repair and local strengthening Repair and global strengthening

Mean Strengthening cost:
34 €/m? — 139 €/m?-

Mean Strengthening cost:
309 €/m?




STRENGHTENING INTERVANTION AND UNIT COSTS
* % NBS New building Standard (ante and post operam)

Safety level on E taq buildings 1
AW RCBuildings Masonry Buildings
T3 Ante Post Ante Post
Wi operam
Alfa url)lt.u “ L)O\c.;?peram Operam Operam

1% NBS increase = 10€/m?



STRENGHTENING INTERVANTION AND UNIT COSTS

» Residential Buildings

1%NBS Increase

(1)
A%NBS < 20% =» on average 22€/mq A% NBS A%NBS >20% =» on average 8€/mq to

to attain 1% NBS increase attain 1% NBS increase



Population Assistance and Returning home trend

@?ﬁ‘ sustainability ‘MDPI
P
Article

Analysis of the Population Assistance and Returning
Home in the Reconstruction Process of the 2009
L’Aquila Earthquake

Antonio Mannella 1'* ¥ Marco Di Ludovico 2, Antonio Sabino 1, Andrea Prota 2, Mauro Dolce 3
and Gaetano Manfredi?

Sustainability 2017, 5, 1325, doi: 10,3380 /502081325 wrwwnrnd pi.com/journal fsustainability



POPULATION ASSISTANCE AND RETURNING HOME TREND

POPULATION ASSISTANCE — ACCOMMODATION TYPES

1 Hotels

Q C.AS.E. and M.A.P.

C.A.S.E. Anti-seismic, Sustainable and Ecologically
Compatible Housing Complexes

M.A.P. Temporary Inhabitable Modules

 s.a.g. self-accommodation grant

PHASE I: THE “LIGHT DAMAGE ”
RECONSTRUCTION




POPULATION ASSISTANCE AND RETURNING HOME TREND

POPULATION ASSISTANCE — ACCOMMODATION TREND

People Assistance

] Hotels

d C.AS.E. and M.A.P.
C.A.S.E. Anti-seismic,
Sustainable and Ecologically
Compatible Housing Complexes
M.A.P. Temporary Inhabitable
Modules



POPULATION ASSISTANCE AND RETURNING HOME TREND

55000

POPULATION ASSISTANCE
RETURNING HOME TREND
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=~1,5 years

PHASE I: THE “LIGHT DAMAGE
RECONSTRUCTION

21,960 people returned home in
about 1,5 year after the earth..

About 14,000 people/year

g ,;5 g‘w’.‘t Eg'\}i‘@e';’@i‘@ ﬁ-’.‘ﬁ g‘-’.‘ﬁ \}'1'.‘

U 1Seeyears

(+21,174) 43,134 people returned
home in about 7,5 years after earth.

- o e s e s s

About 3,500 persons/year



POPULATION ASSISTANCE AND RETURNING HOME TREND

How much Is the assistance cost?
Indirect Costs — Population Assistance
private buildings outside historical centres of L’Aquila

..preliminary analysis..... @g 95 @iﬂﬂi@ﬁz} @fy%?

1.000.000.000€

900.000.000€

W T n
*this value does not take £ 800.000.000€ 150 Me _
into account the costs for S 700.000000€ | -
initial assistance (i.e. § 600.000.000€ +
tends) and the costs ..E 500.000.000€ +
related to buildings with @ 400.000.000€ |
usability rating A) ﬁ 300.000.000€
g— 200.000.000€ +
A 100.000.000€ 1
0€ -
dec,o‘?’ 66550 eic,x"» 63"31 68“33 beg:»“ ée(’:\()

|
" Reconstruction phase

PHASE I LIGHT DAMAGE .
~ 150 M€ -
~ 100 M€/year

~ 380€/month/person




POPULATION ASSISTANCE AND RETURNING HOME TRENDO

Direct repair cost Indirect Costs — Population Assistance

1,3 willion eures 0,95 billion euras®

PHASE I: THE “LIGHT DAMAGE ” RECONSTRUCTION
Direct repair cost  Indirect Costs — Population Assistance

128.000€/building for repair intervention — 380€/month/person for 1,5 years
6.840 €/person = 62.928,00 €/build.*

On average, Tot: direct +indirect — 191.000 €/building

Direct repair cost  Indirect Costs — Population Assistance

580.000€/building for repair interventions — 420€/month/person for 7,5 years

37.800€/person = 347.760 €/build.*
On average, Tot: direct +indirect — 928.000 €/building

* Average number of occupants per building in L’Aquila = 9,2 people/building



Population Assistance and Returning home trend
POPULATION ASSISTANCE — RETURNING HOME TREND
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RECOSTRUCTION INSIDE HISTORICAL CENTRES
How much is the reconstruction cost of

historical centres?
There is a unit cost increse

4 Aggregate (AE), o

UMI1

Cost Increase of about
+30-40%

% BUILDINGS

]

* AGGREGATE

16th
p.le

9%

50th
p.le

19%

84th
p.le

N

... .COSt increase due to site

E-B 29% difficulties and artistic assets

...preliminary analysis.....ongoing activity




SEISMIC RISK EVALUATION FROM EMPIRICAL DATA

... How we can use these data to predict future losses?

os| Economic loss
assessment
Shake map % os|
= Usability Usability
2 o4l Rating or classes
0
PGA [g].
P[d>usability rate/PGA]
...Indirect costs easily computed: time returning ...UNCOMMON: fragility curves to

home reliably associated to usablity rating correlate PGA to usability classes



SEISMIC RISK EVALUATION FROM EMPIRICAL DATA
... while

Project ReLUIS-DPC 2018

Empirical damage Damage database
AeDES Form &~ 320.00 buildings
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SEISMIC RISK EVALUATION FROM EMPIRICAL DATA

...From data collected...

by using suitable component to
global damage conversion
matrices

(Da.D.O and Del gaudio et al.2019)

AEDES FORM |:> GLOBAL BUILDING DAMAGE

Empirical dabage (AEDES) GLOBAL BUILDING DAMAGE
Severity Extension Da.D.0 (VS) 2019 DEL GAUDIO 2016
VS S IP
NULL - DSO DSO DSO
<1/3
b1 1/3-2/3
LIGHT
>2/3
D2-D3 <1/3 DS2 DS2 DS2
MEDIUM- 1/3-2/3 DS3 DS3 DS2
HEAVY >2/3 DS3 DS3 DS2
Lo DS3 DS4
D4-D5 <1/3 (+ko2-p3 <1/3) | (+kp2-p3 >1/3) DS4 e
g VERY HEAVY- DS4
Z h COLLAPSE 323 | (konos <1/3) . iy
B >2/3 DS3

(=2
(=]

Wk Mhiedam SLong .
Shalmg  Shakieg Shakuig Spectral Response

They allow the estimation of the probability of exceeding
several DS according to the intensity of the seismic ground shaking
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FROM DAMAGE AT COMPONENT LEVEL TO BUILDING DAMAGE

< USABILITY RATE vs. DAMAGE STATE OF RESIDENTIAL BUILDINGS

RC BUILDINGS MASONRY BUILDINGS
' ' ] ' 100% 1200 ' ' I L 100%
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SEISMIC RISK EVALUATION FROM EMPIRICAL DATA

..From data collected... ...to National risk assessment,
DPC 2018
Definition of minimum and

maximum % Cr associated to
several damage states

-

Di Ludovico M., Prota A., Moroni C., Manfredi G., Dolce M., (2017), “Reconstruction process of damaged residential buildings outside historical centres after
the L'Aquila earthquake - part Il: "heavy damage" reconstruction”, Bull. of Earth. Engineering, Volume 15, Issue 2, 2017, Pages 693-729,
., Moroni C., Manfredi G., Dolce M., (2017), " Reconstruction process of damaged residential buildings outside historical centres after

Di Ludovico M., Prota A
. part I—"light damage” reconstruction”, Bull. of Earth. Engineering, Volume 15, Issue 2, 2017, Pages 667-692,

the L’Aquila earthquake



SEISMIC RISK EVALUATION FROM EMPIRICAL DATA

e ACTUAL REPAIR COSTS AND DAMAGE STATES

RC BUILDINGS MASONRY BUILDINGS

1400

1200

1000 ~

800 H

600 H

ARC [€/mq]

400 -

200 H

DSO DS1 DS2 DS3 DS54 DS5 DSO D51 D52 DS3 D54 DS5

DS DADO
DS DEL GAUDIO

However there is an high variability because global damage and costs are not structly

related. Indeed the global damage may be not affected by damage on non structural
members



SEISMIC RISK EVALUATION FROM EMPIRICAL DATA

WORK IN PROGRESS...

Fragility curves for define the Pr%o6 of exceeding several 2oCr



SEISMIC RISK MITIGATION

< [NITIATIVE FOR SEISMIC RISK REDUCTION :
Communication campaigns:

I DO NOT TAKE RISK LET’S GET A SHOCK

http://iononrischio.protezionecivile.it/en/homepage/ https://www.giornataprevenzionesismica.it/

Governament incentives for seismic strengthening of residential buildings:

ITALIAN GUIDELINES: SEISMIC RISK CLASSIFICATION OF CONSTRUCTIONS

Enhance the
tax deductions (70%-85%b) in case of seismic risk
seismic strengthening interventions on existing class
buildings (Sismabonus)



http://iononrischio.protezionecivile.it/en/homepage/
https://www.giornataprevenzionesismica.it/

ITALIAN GUIDELINES: SEISMIC RISK CLASSIFICATION

Approved by:

High Council of Public Works

20" February 2017,

Ministry Decree n.58 28/02/2017

> Seismic classes from A+ to G
Enhance the

N o selsmic risk
» To facilitate the communication to the large class

public of the seismic risk of constructions PN
and the effectiveness of the retrofit
Interventions

» It defines the technical principles for
exploiting tax_deductions (70%-85%0) in
case of seismic strengthening interventions on I
existing buildings (S/ismabonus)




ITALIAN GUIDELINES: SEISMIC RISK CLASSIFICATION
The seismic risk class SRC of a building is the minimum between two

classes accounting for:
SISMABONUS - evaluation of SRC

%NBS class EAL class
& [ o | Wo]st Elass | ] &
/ Safety index at LS \ G(pected Annual Iossch

o /

Bonus to upgrade
with retrofit




ITALIAN GUIDELINES: SEISMIC RISK CLASSIFICATION

SISMABONUS = evaluation of SRC

Base shear

I Top displ

[%NBS class ]

ADRS

T —
— e

0.00 0.01 0.01 0.02 0.02

%NBS =PGA /PGA, [%]



ITALIAN GUIDELINES: SEISMIC RISK CLASSIFICATION
SISMABONUS = evaluation of SRC

[ EAL class ]

The area under the curve A vs. %CR
represents the EAL

%CR

I Repair costs calibrated based on data from L'Aquila Earthquake




SEISMIC RISK MITIGATION

...Are strengthening intervention effective to mitigate the seismic risk?

» The case of Norcia

1979 EARTQUAKE > After the earthquake strengthening

interventions were funded by government

H1: Injections or unreinforced plasters
H2: Reinforced plaster
H3: Other strenthening intrventions

-

=

+_

2+2014



STRENGHTENING INTERVENTIONS

Reconstruction cost of Norcia historical center after 1979 earthquake

POST 1979 EARTHQUAKE

The grant (in lire) are related both to
structural and non structural and finishing

interventions
Cost/m?
80 - 189 grant
o about 36 billion lire £
2 a0 Average grant 200 million £

€ 30 -
20 -
10 -

Average cost

0 - 2
P S P DD DD DD DD DD S DS 389 635 £/m
P B FH P P P DD PP D PP PP S
9 D D DD D DD DD D DD DD D
TR DR DA O R A D DD
C Q0 O @ QOO QLN :
SEFFLFLELELELES O S S$ discounted to 2018,
R RS RSSO i 2
IR IR It amounts to 398 €/m-=.

GRANT



STRENGHTENING INTERVENTIONS

Norcia: 670 STRUCTURAL UNIT (USM)

WITH GRANT(247 USM) USABILITY RATING

mA EB OC NE
o o

AN
14% wengen [T ax

0% 20% 40% 60% 80% 100%

No strengh. Intervention
after il 1982 (96 USM) DS (Dolce et al. 2017)

B Dso CDSL C DS2 E Ds3 W DS4 W DS5 AN.S.
..... The strengh.
Intervention allowed to - _ . _
significanlty decrease

the number of E rating Withgrant R |
buildings (-32% ) and | | . | |
increasing A rating 7
buildings (+12%)

1
0% 20% 40% 60% 80% 100%




STRENGHTENING INTERVENTIONS

2016 Center ltaly eartquake 2016 Center Italy eartquake
AMATRICE 2016, August 24 NORCIA 2016, August 24

MW6.0 6,2

STRUCTURAL

BUILDING ENGINEERING + STRUCTURAL DESIGN

Can we avoid it?.. |usss essm = _>| Yes, we can




Thanks for your attention

%WMW REte dei Laboratori Universitari di Ingegneria Sismica

Marco Di Ludovico

University of Naples Federico I

Department of Structures for Engineering and Architecture
Email: diludovi@unina.it
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