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and modern buildings




a land of large earthquakes

CHILE A HISTORY OF LARGE EQ (1570 — 2015)

XX Century XXI Century 31 EQ — 1 every 15 years

o

Boroschek 2016, based on Tavera et al IGP 2007

DATE

1570
1575
1604
1647
1657
1730
1737
1751
1796
1819
1822
1835
1837
1868
1877
1880
1906
1922
1928
1939
1943
1950
1960
1966
1985
1995

Feb.8
Dec. 16
Nov.24
May. 13
Mar. 15
Jul. 8
Dec.24
May. 25
Mar. 30
Apr. 3-11
Nov. 19
Feb.20
Nov.7
Aug.13
May.9
Aug. 15
Aug.16
Nov.10
Dec. 1
Jan.24
Abr. 6
Dec.9
May. 22
Dec. 28
Mar. 3
Jul. 30
Jun.23
Jun.13
Feb.27
Apr.1

Sep. 16

APROX

MAGNITUDE LOCATION

8-81/2
81/2
81/2
81/2

8
8.3

71/2-8
81/2

71/2-8

8.3
81/2
8-81/2
8
81/2
8
71/2-8
7.8
8.4
8.4
8-8.3
8.3
8
95
8.1
8
8
8.4
7.8
8.8
8.2

8.3

Concepcion
Valdivia
North de Arica
Valparaiso
Concepcion
Valparaiso
Vaidivia
Concepcion
Copiapo
Copiapo (3 EQ}
Valparaiso
Concepcion
Valdivia
Arica
lquique
lllapel
Valparaiso
Vallenar
Talca
Chillan
lliapel
Calama
Sur de Chile
Talal
Zona Central
Antofagasta
South Peru
Tarapaca
Center-South
lquique

Canela Baja

Boroschek 2016, Modificado dé'T'6mnitz
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27F Chile Earthquake

Magnitud Mw=8.8
Epicenter: Cobquecura
Depth: 35 Km

Date: 27 Feb. 2010
Time: 3:35 AM

Catxpaara

s

Qs

SOUTH AMERICA

"q- Tose

"‘“" . \,. v
o
g s;\‘

. n el > uu.av -
SR AL et
"a
lw.l\vm\ ,‘&?n C X : /4 m
AL AN "i-v

Marthnkpar ITRANCE ) o
N LICIA 4
VIESCIIY AN +
i GRS
GRENADA »

1l -Spaie

q

——

Anazou\

‘Q“.' " — L0 4
Y!C#.

A
’Lv "“W'-\,.J’J \?’“'J 7

8 A § I N )
[

MARRADCYS

s

l«\\mvwwn
Med 4 > I'Jumvlho -
; '4'!*‘ Cayenme Ocea
e de M ¥ » /‘ n‘ " SN ',
4% COLOMBIA M/ v, "aa, 005,
/ b I : ] .
5 7
£ M, >

1 xs) N "E.—_::-
T )

! \ o

! &

BRAZIL

'mnom Y .RAZIL‘AH

b UA
\ .-..l.' un.n ™A

North
Atlantic

n

|

1o
o v \lesa

3 y {
PSR T | mAmAL f Ny Y
, S M TR A
Pacifilc \ S 1"& e . _!
T TR TBOLIVIA | o,
- ws 1 RY \
cean L powBa s HIGﬁLlNos}
picad U8 mw | g oA |
R, - 1 v
u'u-qm..i s g !“ ," | o™ ’E\ e ) '..'c“ i
4 gy g‘-" oy M
< | ¢ /
o - B eamaouy | o hmfiy
Aelalagana’ L 7 .d; \ 1 ¥ ’.Mof
Sl / \ > o Sy
: ; et b |
o - Bestuencls .—“ - ) }\Hump.-u
nne . /.
CHILE i it f
Ca-vb—oqw | } I“ N .y. J
. WA - . *sabin /'
D Mendega | v 14 o
AACIINIELACH hesompen < < i [ URUGUAY, Soul ||
MIAN FERNANICE \lnllap qmw“ o
(mdr -~
s ) LaPlas  Mowtevideo Atlantic
=R EARGENTINA o .
LV fabiamlnca, | MM s vl cecan
y
S Gt de
Puetto Mol - @ w
31 * ag
AR -~ s
? A { £ zet g
< ?_ ‘9 A
‘% (g Fcumosom Rivaliva
o] s e
aL " N
f 4= |
Scale 1235000000 [
Aeimuthod Equal Aren Prajection & 3 ,v‘\'i"l"‘/
00 Mismt ~ T r A Wity
135las M
Pura redsans South Georgla end the

SOUR Sanatn h istans

S e

L Natad
.

|

§ Recife

7




Church in Curico
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Building - Concepcidn
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Tsunami damage
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Precast structures .

Gentileza David
Campusano




Precast cladding panels
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1.- Extensive damage in non engineered structures

Unreinforced Masonry
Adobe construction
Near 500 fatalities, most of them on adobe construction
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2.- Limited damage in concrete buildings

Very good performance with less than 2% of buildings damaged (9 stories and up)
4 buildings collapsed

Less than 20 people died in structures with seismic a design

Less than 40 of them had to be demolished
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Some damage mostly related to large displacement demands (bad soils)
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1.- Extensive damage in non engineered structures

Unreinforced Masonry
Adobe construction
Near 500 fatalities, most of them on adobe construction

2.- Limited damage in concrete buildings

Very good performance with less than 2% of buildings damaged (9 stories and up)
4 buildings collapsed

Less than 20 people died in structures with seismic a design

Less than 40 of them had to be demolished

3.- Limited damage in precast structures

Good performance in general
Some damage mostly related to large displacement demands (bad soils)
Cinematic compatibility issues

4.- Tsunami was a game changer

Near 200 fatalities can be attributed to the tsunami
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The most importante lesso PIBMEOLT

Li fe safety 1 s par
but I s not enoug

Resilience should be the goal




Earthquake performance

What is Resilience?

Resilience is the ability to recover
and return to normal functioning
after adversity.

Possible strategies in building seismic design:
» Avoid damage

» Allow some damage that is easily reparable
» Avoid collapse? (LS issue not a functional issue)
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Earthquake performance BIBM 2017

What is Resilience?

Resilience is the ability to recover
and return to normal functioning
after adversity.

Possible strategies in building seismic design:

» Avoid damage

» Allow some damage that is easily reparable

» Avoid collapse? (LS issue not a functional issue)

Is it possible & ?
We believe the answer Is YES

but, more important, is our responsibility

to try and make it happen.
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Columnaswith socketfoundations
Jointedor rigid beamtcolumnjoint




