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The Issue
00 many human lives lost due to earthquakes

On average 40.000 human lives
lost per year due to earthquakes
in 1990-2010 (USGS)

During 2008 Sichuan (China)
earthquake 5200 students died
due to the collapse of school
(low-rise) buildings

Annual rates of earthquake deaths in 20th century

70000

60000 {0 Low HDI

50000 +® Med HDI

40000 +— O High HDI

30000

20000

1DD[}E ! T ! I T - I - I
1900- 60s 70s 80s 90s post
1960 2000

Spence 2007

DICAM - ALMA MATER STUDIORUM - UNIVERSITA DI BOLOGNA

IL PRESENTE MATERIALE ERISERVATO AL PERSONALE DELLUNIVERSITA E NON PUO ESSERE UTILIZZATO Al TERMINI DI LEGGE DA ALTRE PERSONE O PER FINI NON ISTITUZIONALL



Schools are particularly vulnerable

Artist Ai Weiwei expressed
the disastrous event of the
2008 Sichuan earthquake
with his artpiece “Straight”
(Venice 2013,Brooklin
Museum 2014, Royal
Academy London 2015

150 tonnes of twisted
reinforcing rebars savaged
from collapsed school
(frame) buildings were
laboriously straightened
and stacked in to a fissured
landscape, accompanied
by the list of more than
5000 names of lost
children.

Ai Weiwei @ the Royal Academy LondonJ
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The challenge: can we do something?

Can we obtain no-damage & 100% safe buildings
against earthquake («seismic proof building»)
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Wall (masonry structures) have been used for

thousands of years
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From masonry wall structures to frames

R I e = :
Monadnock , Chicago, 1891 Unity Building (Clinton Warren, 1892)
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First framed structures
Separation and freedom
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Unity Building (Clinton Warren, 1892) RC Silo, Aniche(Francois Hennebique)
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Framed structures

Intrinsic limited lateral strength

RC frame, Zurich, 1906 Robert Maillart
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Traditional approach to seismic design: ductile structure, but ductility = damage
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Current earthquake engineering performance objectives are limited for
traditional (frame) structures due to reduced strength of frame structures
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Recommended minimum seismic [performance design objectives for buildings
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What about making structures
that are strong w.r.t. horizontal
actions?




Fazlur Khan
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Fazlur Khan
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Fig. 4.1 Weight of steel in tall buildings.
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Fazlur Khan

Evolution of the framed
tube concepr from solid
perimeter wall to
beam—column perimeter
grid. (Drawing by David
Fung, adapted from a
drawing in Khan,“Tall
Buildings,” 1974}
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Fazlur Khan

Evolution of the framed
tube concept from solid
perimeter wall to
beam—column perimeter
grid. (Drawing by David
Fung, adapted from a
drawing in Khan, “Tall
Buildings” 1974.)
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Fazlur Khan
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At a tall building symposium in 1966 (proceedings published in Tall Buildings, 1967),
Khan demonstrated the dramatic increase in height that could be achieved economically by
using a “true cantilever grid tube” structural system.
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Sears Tower, John Hancock
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Going back

What about going back to wall structures but
made out of RC?

Vv

Performance of Structural Walls in Recent Earthquakes
and Tests and Implications for US Building Codes

J. W, Wallace
Umiversity of California, Los Angeles, USA

15 WCEE

LISBOA 2012
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Recent advances in RC wall constructions RC sandwich walls: new
techniques are surfacing that allow for easy (and economic) realization
+ optimal thermal and acoustic performance, what about earthquake
performances?
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Our studies over the last 15 years

Analytical, numerical and experimental investigations have shown that RC
wall structures are characrerized by superior seismic performances that
allow for 100 % safe building (no damage)
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Obiettivo n. 2

Progettazione, realizzazione ed
Interpretazione della prova su
tavola vibrante di una struttura
a 3 plani

Per validare il buon
comportamento sismico (gia
anticipato teoricamente e
analiticamente dalle prove
pseudostatiche cicliche) delle
strutture a pareti sandwich.

B Sy,
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SEismic behaviour of structural SYstems composed of cast in
situ COncrete WAIIs (SE.SY.CO.WA)

Progetto “SERIES” (Seismic Engineering Research Infrastructures for European Synergies)

FP7-INFRASTRUCTURES-2008-1
SP4-Capacities

3ER|ES SERIES

I “‘“’ ‘l COMMISSION OF THE EUROPEAN COMMUNITIES
|

SEISMIC ENGINEERING RESEARCH INFRASTRUCTURES
FOR EUROPEAN SYNERGIES

| ead User Salvador Ivorra Chorro jx usiversiat dAlcan
i ! = Universidad de Alicante
sivorra@ua.es
Tomaso Trombettl as
/ tomaso.trombetti@unibo.it &
‘o Dora Foti |
Additional Users > Liot@potbait

Cristina Mihaela Campian '||'

isti i ) ; UNIVERSITATEA
cristina.campian@bmt.utcluj.ro e
o CLLNAPOCA

Proposed host TA facility: Laboratory for Training and Research in Earthquake

Engineering and Seismology: EUCENTRE TREES Lab,
Pavia, Italy
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Fasi costruttive




Fasi costruttive
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Fasi costruttive
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Fasi costruttive
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Trasporto
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Input
Terremoto del Montenegro (1979)
PGA = 0.305¢g

Accelerogramma
T

=y

(=]

Accelerazione [m / 32]

'
-

period T [s]




Programma di prova

n. Nome Test
test
1 | TO.05g Testa 0.05¢
2 | T0.15¢g Testa 0.15¢
3 | T0.50g Testa 0.50 g
—>| 4 | T1.00g Testa 1.00 g {white noise a 0.3g
5 | T1.20g | 1°testal.20g (WNO.39)
6 | T1.20g 2°testa 1.20 g

Tra un test e l'altro: importanti sessioni di white noise.
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M [t m]

Base moment
as function of time
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Periodi - Frequenze

t-F analysis, Amplitude, channel #[11]
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Conclusioni (2/2)

-

amica

Prova pseudo-statica
ciclica

Test1 (N = 50 kN)




An insight into the post-elastic behavior

The non-linear numerical model (OPENSEES)
able to capture the damage progression

‘ ----------------------------------------- N
I/ RC damage material model (Tesser et al. 2010) \\
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Model validation

The model well captures the fundamentals of the experimental
force-displacement response and damage progression
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The findings from the numerical-
experimental correlation

« Large ductility is due to the
presence of smeared steel mesh
grid of reinforcement

« Controlled damage due to the
presence of hysteretic
connectors at the base

100% Safety against earthquake

W connectors WO connegtors
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History of engineering

 We need to know
where we come from,
otherwise we are just
collector of formulas

* Engineering is
knowledge base

Invention to control
forces of nature
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Walter de Maria: Lightening Field
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Conclusions

For common buildings up 3-4 (such as schools) it is a moral duty to switch to
concrete walls (instead of framed structures) for:

* No damage for the design (rare or very rare) earthquake
«  Sufficient ductility to guarantee 100% safety for eventual occurrence of larger earthquakes
* Reduced construction costs

EARTHQUAKE PERFORMANCE LEVEL

Fully Operational Operational Life Safety Near Collapse
—
oy w
Tl’adltlonal =  Frequent
T (33 7
frame systems: - Unaccleptable
0, Perfoymance ]
not 100 % safe g occasional 046‘ (for new construction)
w (72 years) /o
a %
w ey e
w /4( /I/@
Rare , &)
= (475 years) 4‘0)/
I 77, e
= R
[=
<t Very Rare v
w (970 years) 0)7!»?

Recommended minim#m seismic performance design objectives for buildings

Round Type: RB Wultayer Natural Rubber Seismic Isolation Device

Wall systems: 100 % safe
and with reduced costs

Innovative solutions
(e.g. isolation): 100 %
safe, but expensive
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