Towards a National Plan for Integrated Seismic and Energy Efficiency Rehabilitation of School
Raising the Bar to Enhance Community Resilience and Sustainability
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A Common Problem Worldwide
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“Our” understading of Earthquake-Resistant =it

able Irr
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Fully Operational  Operational Life Safety =~ Near Collapse
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(43 years)

Occasional
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Very Rare
(2475 years)

Earthquake Design Level

From SEAOC Vision 2000 (1995)
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Which means.....

from the point of view of a Structural Engineer....
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Modified after Hamburger and Mohele, 2000
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PwC- 22-storeys
emulative precast concrete post-1980s

Precast or

cast-in-place [
column unit |~ :
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Pre;:qst t’)r Py Precast beam unit
cast-in-place | ,
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(b) System 2 - Precast Beam Units Through Columns
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Extensive damage (beyond reparability?)
to modern Buildings

Typical plastic hinges in beams
(intended to act as sacrificial fuses)
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Computer Modeling of Plastic Hinge

(Research collaboration with University of Stuttgart, Germany)
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A very common end :
Man-made Demolition

All CBD Buildings

Yellow,
23%

As per 12 June 2011
Source: CCC Data
(Kam, Pampanin,

Elwood, 2012)
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“But they [buildings] did
what they were meant to do
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The Concept of Resilience

First Response
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Our Current “Seismic-Resisting” Building
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Fallacy

The Code-Standard is NOT meant to be used
as a Target or Ultimate Goal but as a
minimum by law

Corollary

Earthquake-Resistant #  Earthquake-Proof

(earthquake engineering (everyone else’s view)
community’s view)
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The Renewed Challenge of Eartquake Engineering:
Raising the bar to meet Society’s Expectations
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0669 4 MINISTRY OF BUSINESS,
i [| INNOVATION & EMPLOYMENT
P ;a" HIKINA WHAKATUTUKI

New Framework for managing
earthquake-prone buildings in New Zealand

Earthquake-

prone bulldmg

@ -

Emergency
response

Ministry of Business, Innovation
and Employment, 2016
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06.Glo 9 MINISTRY OF BUSINESS,
\E:E{| INNOVATION & EMPLOYMENT
HIKINA WHAKATUTUKI

i

New framework for managing

earthquake-prone buildings
(Mandatory - effective from 1 July 2017)

Risk-Based Approach

Seismic TAs must identify potentially Owners must strengthen or demolish

risk area | earthquake-prone buildings
within:

_

earthquake-prone buildings within:

Medium 5 years 10 years 12 % years 25 years
ow /e  1syers  nfs 35 years
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NZSEE2017 — Seismic Assessment Guidelines
http://www.eqg-assess.org.nz/

The Seismic Assessment

of Existing Buildings

Technical Guidelines for Engineering Assessments

New Zealand Society 201
for Earthquake
Engineering

Overview and Summary

T

Assgssment and Impravement
of tha Structural Parfarmancs
of Buldings In Earthquakes
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NZSEE 2006 > NZSEE2017

Prof. Dr. Eng. Stefano Pampanin

18



Towards a National Plan for Integrated Seismic and Energy Efficiency Rehabilitation of School

Raising the Bar to Enhance Community Resilience and Sustainability

Table 2.2 NZSEE2006 Risk Classifications and Improvement s
Recommendations
Existing
e " 0 Building
Description Grade Risk %NBS Structural
Performance

Moderate Risk Building

T

High Risk Building DorE High

and arguably disproportionate to the risk reduction achieved.

33 or lowel

Acceptable
legally.
Improvement
recommended

Unacceptable
(Improvement
required under

Act)

There are many buildings in New Zealand constructed prior to 1976.
The cost to the community of requiring full compliance with current standards would be considerable,

New Zealand Society

Improvement of Structural Performance

] NZSEE
g Reqrener

Not recommended.
Acceptable only in
exceptional
circumstances

Unacceptable Unacceptable
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Chapter 5 Step 1- CAPACITY
Concrete Buildings —
Leader: Stefano Pampanin Building data:

- Geometry

- Material properties

- Structural details

1a- Component Level

1b- Subassembly Level
(beam, column, joint) 1c - Structural System Level
/ Evaluate the Hierarchy of Strength ~
Evaluate strength and deformatiorm and sequence of events at a Identify the global mechanism
capacity: subassembly level
-Flexure, Shear, Flexure-shear Evaluate the Global Capacity Curve
interaction (Force-Displacement)

- Cyclic degradation; Lap splices
failure; Bi-directional effects

Qutcomes (capacity curves): N
Moment-curvature/rotation Z
wd/or Force-Displacement /
MorF 4 Flexural capacity " s . it
- ; .%‘
~ “s +t %
Shear/cyclic | "'-71 2
degradation [ ~.
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Evaluation of Safety (Risk) Index
(% NBS, New Building Standard)

SEISMIC RATING
NZSEE-2006-2017
based on %NBS

Percentage of
New Building
Standard

celeration (g)

oo

g¥iTied ADRS curve for & % damping
based on p = A,/ Ao

equivalent global systé

CAPACITY

Relative risk
(approx)

\

Virob/Mest

global system - roof top

<1time
1=2 times
2=5 times
5-10 times
10-25 times
> 25 times

(Vorob/Met )3 equivalent sub-system 3

(Voron/Meft )2 equivalentsub-system 2

(Vprob/meﬁ) 1

1
1
1
1
1
1
1
1
1
1 1
I |
1 |
1 1
1

1 equivalentsub-system1
1 1

(Aorop)3 = Aprob (Apab)2 (Aopht

Displacement

Figure C2.6: Derivation of seismic score using SLaMA
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| costi dei terremoti in Italia
Importo atslizzain 2014
@ ese 121.608
B Poriodo di attivazions miflonidieuro
10anni deglh intenenti il costo Lotale (1968-2042)
= [t a consuntivo sulle isorse effettiamente stanziate dalio Stato
** Provisioni di spesa delie zutorita kocali preposte alla fcostruzions
Friuti
(1976)
T ) [
1976- 2006
Emilia
{2012)
2012
Marche Umbria
(1997)
Abruzzo —
(2009) 1997- 2024
[ ==i==r]
2009-2029
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{1980)
=SB EHE
1980-2023
Valle del Belice
(1968) lia Molise
[E==la—reamee e 2002)
1968-2028 [ |
20022023
Fontie Cantro stod del Consglo razionale degl ingspnen

250 miliardi di euro

I costo totale degl interventi dal

Bopoguerra, consideranda non

solo berremati ma anche frane
e alluviont

degli edific Ealiars non sono
costruiti secondo k2 regole
antisismiche

degli edifici talian & stato
costruito prima del 1974_anno di
entrata in vigore delle prime
regole antisismiche

4 EZ

delle sounle non & antisisrmica

@ +5/8%

Pincremento medio del cosko
diefle costruzioni antisismichs
rispeiio a guelle enormalis

360 miliardi di euro

& stimia del costo
dell'adesamento sismico degli
edifici ilkani secondo Oice,
associazione delle organizzadoni
di confindistria
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Italian Seismic Risk Classification (2017) ===

1) (Life) Safety Index (%NBS, IS-V) 2) Economic Losses Index (EAL)

ITA2017 Matrix — IS-V(=%NBS), Risk Class, EAL/PAM

ISV IS-V ranges EAL  EAL ranges
Class Class -
Ay IS-V>100 A'pam  EAL <0.5% J}{%

80%=<IS-V<100% Apam 0.5%<EAL <£1.0% €
60%=<I S-V<80% Bram 1.0%<EAL <1.5% \\ﬁ
45%=< IS-V< 60% Cranm 1.5%< EAL <2.5%
30%< IS-V<45%  Dpan  2.5%<EAL <3.5%
15%=<1S-V<30% Epam 3.5%<EAL <4.5%
IS-V <15% Fpam  4.5%<EAL <7.5%

- Gpam  7.5%<EAL

Financial Incentives from the IT Government
(Tax Rebate up to 85% or 110% of the Retrofit costs)

Prof. Dr. Eng. Stefano Pampanin
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Evaluation of Losses - EAL/PAM

O Ak

- ORAR
" © feost e O %%

_ % SR | Mﬁ
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g o 4 Soglia di Limitazione del Danno 77
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]

E Sogliadi Limitazione del Danno

i ™ non strutturale (SLO)

g™ Sogliadi Inizio Danno

¥ ! PAM non strutturale (SLID) :
o% ' —~ - ' -

o% 15 Fi 3 m a% % % ™ " w 10%
Frequenza media annua di superamento A=1/T,

ITA2017 Matrix —IS-V(=%NBS). Risk Class, EAL/PAM

Stato CR(%) IS-V  IS-V ranges EAL EAL ranges
Limite Class Class
|SLR | 100%| a:-xs-v IS-V >100‘ | i’?.-m EAL' <0.5%
SLC= Collapse Prevention AISV 80%< IS-V< 100% PAM 0.5%<EAL <1.0%
s 0 sic | 80%| Bisv  60%<IS-V<80% Brav  1.0%<EAL <1.5%
SLV= Life safety Istv | 50%| Cisv  45%<IS-V<60% Ceav  1.5%<EAL <2.5%
SLD= Damage Control s | 15%] Disv  30%<IS-V<45%  Dpave  2.5%<EAL <3.5%
SLO= Operational sl0 | 7%| Esv  15%<IS-V<30% Epav  3.5%<EAL <4.5%
s | %] Fsv ISV <15% Feam  4.5%<EAL <7.5%
: . - - Gpam  7.5%< EAL
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SfSHHBONu&
INFOGRAPHICS

statico attestane la conformita del progetio

I prupriﬂa.lio 'ﬁl intende accedere al
beneficia incarica unp professionista

LA CLASSE Bl RISCHN
Il professionista ipdividoa la classe di rischio »
progetta [intervente di riduzione del rischio sismico

QUALITA ALTA - / O QUALITA BASSA
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Comparing Alternative Retrofit Options
(Multi-criteria Cost-benefit Approach)

%

Ductility-only

Change of Retrofit Solution
Change of Retrofit Solution
hange of Retrofit Solution

OPTION 2
(FRP)

Costs ($)

1
1
] 1 1
| ] S
| : ! d
] 1
] 1 ]
' : ' A
] ] ]
1 ] Sa
j :/E Strength and Stiffness
: i |
1 ]
]
] '/’ C ’
! [
]
! f

Performance (%NBS)

OFTION 3
Pampanin, Beetham et al. 2012- {Shear Wall)
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Towards a National Plan for
an Integrated Rehabilitation of the building stock

(Seismic+Energy+Architectural)

(Pampanin et al., 2017)

Reinforced Concrete Buildings
3.594.695 s

30% b -t
25%
25% -
21%
20% 19%
15% 13% boid
10% 1 = I 7% 5%
5% 2% =
0% - D% = I - l l
-
9 % & D » & &
?—\cj\l 0;3 '3 '&:3 ’\f,&% '\:@ep ‘\:\’ép "PS) 'L@
& 2
T FEE PSS -
Seismic Zone and Climate Zones in Italy Poentially Earthquake-Prone Bulldings
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Phase I:
Combined Seismic-Enegy Assessment

7 S - [ Existing Building )

5 -3000
+ + =
, Structural Thermal m’;";’
: Analysis *E Analysis | 806
. . - b - -
E0.00 P, N - -~ ] 2 ) _— D
005 ¢ L A Equivalent Static [=% 3/ Static
0"0 0 N "Modal Dynamic (E) =y S >
Ez; NG j“k Push Over o e
X * S -_— = i
Eo.zs A . Time History \V \ Dynamig_j; o
., 3 L 2 E
PGA
sLy (Performance Evaluation)
Structural Thermal
Retrofit Options Retrofit Options

v
@ombined Retrofit Solutions) -
I T 7 Gl

Structural Cost Thermal
Analysis Analysis Analysis

)\
Cost-Benefit
Analysis

\_‘_/

(Retrofit Choice)

Di Vece and Pampanin,2019
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Phase II:
Integrated Seismic-Energy Interventions

DONSOLSOO008SA

r.—

e
N T T T T B | T T T | [
=i I =], | ST s s ¢

HEE
fa= JEEE

5 il s 2L
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OTeo . §
i SRRy

Area 2:
Clean,
affordable
and secure

b m
E==5 ﬁ&

Area 9: Strengthening our knowledge in support of the European Green Deal

Area 10: Empowering citizens for the transition towards a climate neutral, sustainable
Europe
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ENEN

Aganzia nazionale per le nuove tecnologia,
lenergia & lo sviluppo enonombeo sostenibile

EEBEE BEHd BE
BEE BEBE BHH

| SCUTLA =is

Prof. Dr. Eng. Stefano Pampanin 31



Towards a National Plan for Integrated Seismic and Energy Efficiency Rehabilitation of School
Raising the Bar to Enhance Community Resilience and Sustainability

N RAISING THE BAR:

_ Proposal for a National Plan for the
BT AT dh i S
A g

($

- Risk Based Prioritization
- Long-term Duration: : 7-15-30 years
- Continuos Investment : 0.25-0.3% PIL (4-5 Billion Euro)/year

’AS BUILT ’fARTIAL RETROFTT|
Homeless Homeless |~
B 150-200 W 100-150
W 100- 150 M 50-100
B 50-100 I 10- 50
B 10- 50 B s5- 10
% 5- 10 [ o- 5
0- 5

Giovinazzi & Pampanin, 2007/2008, 2017
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Terremoto 2002, immagine San Giuliano di Puglia
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S APIENZA Progetto
UNIVERSITA DI ROMA UE FA/ELE NA

Pericolosita sismica
Accelerazione
massima def suolo (g)

0.000 - 0.025
0.025 - 0.050
0.050 - 0.075
m0.075-0.100
0.100-0.125
m0.125-0.150
0.150-0.175
0.175 - 0.200
m0.200 - 0.225
m0.225-0.250
W0.250-0.275
W0.275-0.300

Analisi sismo-energetiche di edifici pubblici
nella provincia di Foggia e strategie di
interventi integrati di miglioramento

Interventosismioo Intervanio enargelico

0
= % Q
=" A 0 Q
© . , =
- | e
R JE: s ®
$re = Calcestruzzo Armato | &
o = gMuranira l *
Prof. Ing. Stefano Pampanin % Q Acciaio

[Coordinatore Progetio) i o

REPORT FINALE Professore Ordinario di Tecnica delle Costruzion] = ° Eis E

Dipartmento di Ingegneris Strutturale & Geotecnica

Prof Ing. Andrea Vallad = » Q 9
{Responsabile Diagnosi Energetiche] 3 —
Professone Assodiato di Fisica Temlca Attano irpino Accadis 9
Dipartimento di Ingegneria Asponautica, Elettrica e
Energetica

Prof. Edoarde Curra

z (Responsabile Orgamismo Edilizio}
.L'!I.]JI']]E' 2020 Professare Associatn di Architettura Tecmica
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Archetipi

SCHEDA DI DIAGNOSI + INTERVENTI DI MIGLIORAMENTO
SCHEDA DI DIAGNOSI + INTERVENTI DI MIGLIORAMENTO SCUOLA ID 68 - LLS. “A. Olivetti” succursale - Orta Nova (FG)

SCUOLA ID 38 - IPSIA Marrone/IPSSAR Bonghi - Lucera (FG)

L
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L.L 111.“ 47 L ul,,.. JJJ

llu w
.
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J
J
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SCHEDA DI DIAGNOSI + INTERVENTI DI MIGLIORAMENTO

SCHEDA DI DIAGNOSI + INTERVENTI DI MIGLIORAMENTO
SCUOLA ID 04 - L.T.C. "Masi" - Foggia (FG)

SCUOLA ID 9 - “Marconi” (Palestra) - Foggia (FG)
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Interventi alternativi di miglioramento energetico

CO. Chiusure verticali opac ch&T. Chiusure vertlcalltrasg ST. Chiusure oriz. sugerlorl ST. Chiusure oriz.

Tetto a falde caldo o
ventilato

Cappotto termico

!nsufﬂagg:o in mtercapedme Infisso a tagho termico Tetto piano caldo praffcab-'fe Isolamento da sopra

—

__%:‘lmi

Intonaco isolante termico Vetro camera basso Tetto piano rovescio non
emissivo praticabile
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Strategie e tecniche d’intervento sismico

Strategie d’intervento

Selective Weakening
Sa + Strengthening

Base Isolation 5 Partial Selective
+ Damping Weakening

Original State  # Retrofitted State

Tecniche d’intervento elementi strutturali Tecniche d’intervento elementi non-strutturali
RC Beam RC Beam
! | 3 Tl 1 ok "ary

:%.m .
e
:ﬁlm

LT mEs
? RCB B
Front View ™ IF(_ e
Side Viev
10 160 10 1260 10 1060 10
T T TIACT 1||r|\\|1'_‘
" E[ll\\ll\ll!l\\lﬁ‘m“

T'op View

(Tasligedik et al 2017)

(Morandi et al 2015)
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Soluzioni di miglioramento sismico, energetico ed
architettonico integrate

Intervento
architettonico

Intervento sismico Intervento energetico
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http://www.redi-research.eu/it/rise-2/

CASO DI STUDIO 1
Riqualificazione Sismico
Energetica di un Condominio

ndominio

CASO DI STUDIO 2
Riqualificazione Sismico
Energetica di una Scuola

Roma 27 ottobre 2020, 10:00 - 18:15
Sala Polifunzionale - Presidenza del Consiglio dei Ministri
Largo Chigi. 19 - Roma Evento solo online
(registrazione indispensabile per I'accesso a Zoom)

CASO DI STUDIO 3

(Verso un) Piano Nazionale Coordinato et s S
di Riqualificazione Integrata Sismico- EnsrastiexglueQuartisre
Energetica del Patrimonio Edilizio e
dei Sistemi Territoriali

........................
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UCw

UNIVERSITY OF
CANTERBURY

The Opportunity for the Future:
Cost-efficient low-damage technology

Base Isolation PRESSS-Technology (An Internal Isolation?)
(Christchurch Women Hospital) (Southern Cross Hospital Endoscopy Building)

—

!—

L1
| " mmgy L L LT ::-
| " mmgy SN wuny LLTTY "ﬂ e h

Dissipation
Devices
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- %

Learning from our Ancestoss

Temple of Haephestus, Ancient Agora’, Athens

Prof. Dr. Eng. Stefano Pampanin 1
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UCw

UNIVERSITY OF
URY
itaha

‘hare Way Wai
cccccccccccccccccccccc

https://www.sciencelearn.org.nz/videos/864-learning-from-the-past

Prof. Dr. Eng. Stefano Pampanin 4
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- - UCw
Traditional (monolithic) , . N AT
New’ generation (jointed ductile)

courtesy of Dion Marriott
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External &Repleacable Dissipaters UCw

UNIVERSITY OF
CANTERBURY
Te Whare Wananga o Waitaha

(“Plug & Play”) ,,,,,,,,,,,,,,,,,,,,,,,,

-pEaTE .

External mild
steel dissipaters

Partially Unbonded Post-
Unbonded Tensioned Tendon ¢ = A
Mild Steel | Ui
‘ .. .1-
Yo ' . )
mp imp
| Imposed
Impo&.;ed Rotation
Rotation

Marriott et al., 2008
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UCw

UNIVERSITY OF
ANTERBURY
e Whare Wananga o Waitaha

CHRISTCHURCH NEW ZEALAND

Christchurch Vision 2050:
Re-building a resilient city
with low- damage technology

Prof. Dr. Eng. Stefano Pampanin 45
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Low-Damage Technologies PR

Concrete, Timber, Steel and combinations

;;;;;;;;;;;;;;;;;;;;;;;;;;;
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Towards the “Ultimate Earthquake Proof-building” UCw%

UNIVERSITY OF

Shake-table testing of an integrated G

low-damage system
Johnston, Watson, Pampanin, Palermo (2013, 2014)

,_.
Y

=S Ir;_- ==
=1 L= | IS
= N
] Lt I T ea—
| ”:;H [ B
“"“"‘-’“—‘-w [l
-
| -

Next Generation of Integrated Low-Damage Building
with dry jointed ductile connections

Prof. Dr. Eng. Stefano Pampanin
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Shake-table testing of an integrated UCwe
low-damage system o

Johnston, Watson, Pampanin, Palermo (2013, 2014)

|

3 Gm{
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UCw

UNIVERSITY OF
CANTERBURY
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UCw

UNIVERSITY OF
CANTERBURY
Te Whare Wananga o Waitaha
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)EE*

1 P I 7 New Zealand Soc1ety for Earthquake Engineering Annual Conference

and Anti-Seismic Systems International Society 15th World Conference
ONFERENCE

on Seismic Isolation Energy Dissipation and Active Vibration Control of Structures
27 — 29 APRIL

- g_/
WELLINGTON * NEW ZEALAND E " —

Next Generation of Low Damage and ReS|I|ent Structures

——

gk s oiPE -~ N
W a brilliant Iegafy/fuirrrourAncestors
g} ‘4 7 ; o

UC'*' Ingredients for a perfect Damage
Control receipe

>

Pl «) 10:39/1:59:02 4 i | Conventiona Selsmic solation / Pure Rocking

https://lwww.youtube.com/
watch?v=elGijGMFtmo
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An Overview of the SERA Transnational Project
Towards the Ultimate Earthquake Proof Building System:
development and testing of integrated low-damage technologies
for structural and non-structural elements

Partner 1:
Sapienza University of Rome

W&/ | Coordinator (Team Leader):

Prof. Stefano Pampanin
Additional Users:

Ing. SimonaBianchi

Ing. Jonathan Ciurlanti
Ing. Murilo Mancini

. .48

¥

A

Partner 2:

University School for Advanced
Studies IUSS Pavia
Coordinator:

Prof. Andre Filiatrault
Additional Users:

Dr. Daniele Perrone

Partner 3:

Swiss Federal Institute of
Technology (ETH) Zurich
Coordinator:

Prof. Bozidar Stojadinovic

Additional Users:
Dr. Anastasios Tsiavos

Partner 4:

Arup Group

(London and Amsterdam)
Coordinator

Dr. Damian Grant
Additional Users

Dr. Rachid Abu-Hassan
Dr. Michele Palmieri

Partner 5:

University of Canterbury,
New Zealand

Coordinator:

Prof. Alessandro Palermo
Additional Users:

Ing. Gabriele Granello

Ing. Giuseppe Loporcaro

ETHzirich

Pampanin et a
31/08/2017

Stefano Pampanin?,
Johnatan Ciurlanti, Simona Bianchi, Gabriele Granello, Daniele Perrone,
Michele Palmieri, Damian Grants, Alessandro Palermo, Andre Filiatrault,

Alfredo Campos Costa, Antonio Correia
ARUP @

Prof. Dr. Eng. Stefano Pampanin
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An overview of the design, construction and experimental
3D shake-table testing campaign can be found at:

https://www.youtube.com/watch?v=RHczltvneug&t=558s
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I August 2019 - Lisbon (PT)

TRIDIRECTIONALTEST XYZ
LIMIT STATE 4

Christchurch (N2Z)
February 22,201 |
Mw = 6.3

Station = CCCC
Depth = 5 km
Distance = 3.8 km
Scaling Factor = 1.2
PGA=058¢

Prof. Dr. Eng. Stefano Pampanin
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Towards a “S3 Design”
SAFER, SUSTAINABLE, SMART

Building Systems
(Pampanin et al., 2016-)

Prof. Dr. Eng. Stefano Pampanin -
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Low-damage Pres-Lam Building
Trimble Building
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Trimble Building monitoring System
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The bar has been set to very high level

but the International Earthquake Engineering
communlty is gomg to get there together!

w

x = =

International
Collab rators/ eams:
EERI (US), All/J; EE (Japa\
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Thanks for your attention

e meaaaaaa,,.

. | e | ] I_
Grazie per I'attenzione
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