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General Remarks
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1.3
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Table 1.1-1 Member List of Joint Survey Team

( )
Table 1.1-2 Member List of Survey Group
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Natural and Social Conditions

2.1
(General Geography)
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2.2

(Seismicity
1
( 1991)
( 1000Km)
1000Km
2)
55 7cm
5900Km
1570 M7.5 30
(2009) (1985,1986) Table 2.3-1
Fig. 2.3-1 2.3-2
(2009). ( 2008), http://iisee.kenken.go.jp/utsu/index.html,
« )
(1991). 27
(1985). JSEEP NEWS, No.82.

(1986).

JSEEP NEWS, No.88.



Table2.2-1 List of Major Earthquakes (1570 2010, M7.3 or greater)
(Hara, 2009; Kitagawa, 1985, 1986)

Data Magnitude Observations

1570 Feb. 8 8.3 Concepcion. Great Tsunami. 2000 deaths

1575 Mar. 17 7.3 Approx.100km from Santiago.

1575 Dec. 16 8.5 Valdivia. Tsunami. 120 deaths

1604 Nov. 24 8.5 North of Arica. Tsunami.

1615 Sep. 16 7.5 Avrica.

1647 May. 13 8.5 Great Earthquake in Santiago. 1000 deaths.

1657 Mar. 15 8 Concepcion. Tsunami.

1730 Jul. 8 8.7 Great Earthquake in Valparaiso. Great Tsunami.

1737 Dec. 24 7.7 Valdivia.

1751 May. 25 8.5 Great Earthquake in Concepcion. Tsunami.

1796 Mar. 30 7.7 Copiapo.

1819 Apr. 11 8.3 Copiapo. Great Tsunami.(3 Earthquakes)

1822 Nov. 19 8 Valparaiso. Great Tsunami.

1835 Feb. 20 8.1 Concepcion. Great Tsunami. Large Geodetic Dis.

1837 Nov. 7 8 Valdivia. Great Tsunami.

1859 Oct. 5 7.7 Copiapo. Tsunami.

1868 Aug. 13 8.5 Great Earthquake in Arica. Great Tsunami.

1877 May 9 8 Iquique. Great Tsunami.

1880 Aug. 15 7.7 Hlapel.

1906 Aug. 16 8.4 Valparaiso. Tsunami.1500 deaths.

1918 Dec. 18 7.9(7.6) Copiapo. Tsunami.

1922 Nov. 10 8.5(8.3) Great Earthquake in Vallenar. Great Tsunami.
600 deaths.

1928 Dec. 1 8 Talca.

1939 Jan. 24 7.8(7.8) Great Chillan Earthquake.30000 deaths.

1943 Apr. 6 8.2(7.9) Illapel.11deaths.

1953 May 6 7.6(7.4) Chillan.Conception.

1960 May. 21 7.3(7.9) Concepcion.

1960 May. 22 9.5(8.5) Valdivia. Large Geodetic Disp. Great Tsunami.
2230 deaths in Chile.

1965 Mar. 28 7.3(7.2) La Ligua. 600 deaths.

1966 Dec. 28 7.8(7.7) Taltal.

1971 Jul. 8 7.5(7.7) Valparaiso. Tsunami. 100 deaths.

1975 May. 10 7.7(7.6) Traiguen.

1985 Mar. 10 7.9(7.8) San Antonio,Valparaiso. 178 deaths.

1987 Mar. 05 7.5(7.3) Antofagasta.

1995 Jul.. 30 8.0(7.3) Antofagasta. 3 deaths

2007 Nov. 14 7.7(7.4) Tocopilla.

2010 Feb. 27 8.8 Maule. Concepcion. Great Earthquake in Chile

Great Tsunami. Approx.570 deaths

() indicates Ms.
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Earthquake and Ground Motion

3.1
(Outline of Earthquake)
D
7cm
(Fig. 3.1-1 ) 1960
Mw 95 1000km 2 27 (Mw8.8)
1960 1985 (Mw8.0 1835
(M8.5) (Beck et al.,
1998) Fig. 3.1-2 500km
(Seismological Service, U. Chile, 2010)
2)
Poiata and Koketsu (2010)
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left: Saldan (2010), center: Poiata and Koketsu (2010), right: Shao et al.(2010)
Fig. 3.1-3 Earthquake Fault Model

Fig. 3.1-5 Estimated Seisimic Intensity Map (USAID, 2010)



3.2
(Strong Motion Records)

1
1940 1969
(Kausel and Saragoni, 1976 2009 60
RENADIC (Department of Civil Engineering, U.Chile, 2010)
(Seismological Service, U. Chile, 2010)
30 (SMA-1)
QDR
29 2gal
100
RENADIC
Table 3.2-1 Photo 3.2-1 3.2-8
2)
(2010/4/9) (Boroschek et al.,
2010; Seismological Service, U. Chile, 2010)
Table 3.2-2 Fig. 3.2-1
Santiago 0.17g 0.56g Concepcion San Pedro
0.65g Curico 0.47g Vinadel Mar 0.3g (Boroschek et al.,
2010; Seismological Service, U. Chile, 2010) Angol 19
(Saragoni, 2010) Fig. 3.2-2 (Si,
2010)
(Boroschek et al., 2010; Seismological Service, U. Chile, 2010) Fig.
3.2-3 (@) (b) Santiago 1
(c) Curico 100
(d) Concepcion San Pedro 1
Mw8.8
3)
(Boroschek et al.,
2010)
(h=0.05) Fig. 3.2-4 Santiago Curico
05 2 50cm/s 80cm/s
Santiago Vina del Mar 0.5 0.7
150cm/s
Fig. 3.2-5 1985 (Mw8.0)
Santiago 2km ENDESA 2010
2 1985 Santiago



Vina del Mar 2010
0.7 2010
4)
Table 3.2-2 Concepcion San Pedro Santiago  Cerro Calan
Campus Antumapu, TilTil  Cerro El Roble

(Department of Geophysics, U. Chile, 2010) Concepcion San
Pedro  Concepcion BioBio 5km (Matsuoka, 2010)
Santiago Cerro Calan Campus
Antumapu Universidad de Chile 10km
Cerro Calan Campus Antumapu
(Valenzuela, 1978)  Tiltil Cerro EI Roble  Santiago 50km
4
Concepcion San Pedro 3 3
1 3
Seismological Service, U. Chile (2010) 2 3
NS EW Santiago  Cerro
Calan 2 54 1 0
Fig. 3.2-6
Fig.3.2-7
San Pedro 30
15 30 80
Fig. 3.2-8 80
30
30
25
Anderson and Quaas (1988) 1985
Cerro El Roble Fig. 3.2-9
1 M8.1
2
Fig. 3.2-10 30
20

Mw8.8



Table 3.2-1 List of RENADIC Strong Motion Sites in the Epicentral Region

Site Name Instrument Type | Location of Instrument

Vifia del Mar Centro QDR Basement floor of 7-story building
Vifia del Mar Marga Marga ETNA N/A

Valparaiso Almendral SMA-1 Church

Valparaiso UTFSM SMA-1 Vault*

Santiago Unversidad de Chile K2 Basement floor of 5-story building
Santiago Metro Estacion Mirador SSA-1 Platform of metro station
Santiago CRS Maipu QDR 1-story building

Santiago Hospital Tisne QDR 1-story building

Santiago Hospital Sotero del Rio QDR 1-story house

Rancagua QDR N/A

Matanzas SMA-1 N/A

Pichilemu CUSP 1-story building*

lloca SMA-1 1-story building*

Hualane SMA-1 Church*

Constitucion SMA-1 2-story building*

Cauquenes SMA-1 2-story building*

Talca SMA-1 2-story building

Chillan Nuevo SMA-1 Basement floor of 2-story building
Concepcion Colegio Inmac. Conc. | SMA-1 Basement floor of 3-story building
Angol QDR N/A

Valdivia QDR N/A

*after Riddell et al.(1992)

Table 3.2-2 List of Observed Peak Ground Accelerations

Location Horizontal Vertical
Acceleration | Acceleration
Vina del Mar Centro 0.33 g 0.19¢g
Vina del Mar Marga Marga 0.35¢g 0.26 g
Santiago Depto. Ing. Civil, U. de Chile 0.17 g 0.14 g
Santiago Estaciéon Metro Mirador 0.24 g 0.13 g
Santiago CRS Maipud, R.M. 0.56 g 0.24 ¢
Santiago Hospital Tisne, R.M. 0.30 g 0.28 g
Santiago Hospital Sotero del Rio R.M. 0.27 g 0.13 g
Santiago Cerro Calan 0.23 g 0.11 9
Santiago Campus Antumapu 0.27 g 0.17g
Tiltil Cerro El Roble 0.19¢ 0.11 g
Curico Hospital de Curico 0.47 g 0.20 g
Concepcion Colegio de San Pedro 0.65¢g 0.60 g
Valdivia Hospital de Valdivia 0.14 g 0.05¢g




Photo 3.2-1 Vina del Mar (Centro) Site

& e
/

Photo 3.2-3 Santiago Metro Mirador Station Site Photo 3.2-4 Santiago CRS Maipu Site
“

Photo 3.2-5 Santiago Hospital Tisne Site

Photo 3.2-7 Curico ospital Site
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3.3

(Site Characteristics at Strong Motion Sites)
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3.4
(Characteristics of Microtremors at Building Damage
1) Concepcion
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Table 3.4-1 Soil Profile Model of Concepcion
(Nicolau del Roure, R. G. et al., 1980)

Depth Soil | p(g/cm® | Vs (m/s)
5m | Sand 1.6 160
10m | Sand 2.0 170
23m | Sand 2.0 250
28m | Clay 1.7 190
63m | Sand 2.1 280
134m | Sand 1.9 350
- | Rock 2.65 3300
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Fig. 3.4-4 Vibration Period of Buildings (Midorikawa, 1990a)



H/V Spectral Ratio

T
10 4
=]
S
@
s
&
1 2
: T
— tldo2-1
— tldo2-2
— tldo3
- Ave
0.1 . 1 0.1
0.1 1 3 . .
Period (s) Period (s)
Vina del Mar 1 Vina del Mar 2

H/V Spectral Ratio

Period (s)
Vina del Mar 3

Fig. 3.4-6 H/V Spectral Ratio of Microtremor at Vina del Mar



Heavlly Damaged Building L
~{ ® Strong Motion Site ¥ Y

LY

NV

4§

pans -
ﬂ_rf!l?_.fd; i

! i

M @ - a2 - . _n. g - -
Fig. 3.4-7 Location of Microtremor Measurement Sites in Santiago

10 = 10

H/V Spectral Ratio
H/V Spectral Ratio

Period (s) ' Period (s)
Santiago 1 Santiago 2

H/V Spectral Ratio

Period (s)
Santiago 3

Fig. 3.4-8 H/V Spectral Ratio of Microtremor at Santiago



3.5
(Summary)
Mws8.8

20 Mws8.8

Concepcion  Vina del
Mar Santiago

Aguirre, C. A. et al. (1986). Microzonificacion Sismica de la Ciudad de Vina del Mar, 4as. Jornadas
Chilenas de Sismologia e Ingenieria Antisismica, E.70-E.84 (in Spanish).

Alvares, L. S. (1964). Geologia del Area Valparaiso-Vina del Mar, Boletin No.16, Instituto de
Investigciones Geologicas, 58pp. (in Spanish).

Anderson, J. G. and R. Quaas (1988). The Mexico Earthquake of September 19, 1985 — Effect of
Magnitude on the Character of Strong Ground Motion: An Example from the Guerrero, Mexico
Strong Motion Network, Earthquake Spectra, 4, 635-646.

Beck, S. et al. (1998). Source characteristics of historic earthquakes along the central Chile subduction
zone, Journal of South American Earth Sciences, 11, 115-129.

Boroschek, R. et al. (2010). Informe preliminary, RED Nacional de acelerografos, terremoto centro sur
Chile, 27 de Febrero 2010, Informe Preliminar No.4, Universidad de Chile, 5 de Abril, 2010,
http://www.terremotosuchile.cl/red_archivos/UdeCHILE_Informe_EQ 20100227 Ing_Civil_Inf 4

Ver_1.pdf

Bray, J. and D. Frost (Ed.) (2010). Geo-engineering Reconnaissance of the 2010 Maule, Chile
Earthquake, GEER Association Report No. GEER-022, 267pp.

Department of Civil Engineering, U. Chile (2010). Red Nacional de Acelerografos RENADIC,
http://www.terremotosuchile.cl/

Department of Geophysics, U. Chile (2010), Ultioms Sisimos Sensibles, http://ssn.dgf.uchile.cl/

IRIS (2010). Recent Earthquake Teachable Moments, Magnitude 6.7 Offshore, Bio Bio, Chile,
http://www.iris.edu/hg/retm/#980 (20/April/2010).

Kausel, E. and G. R. Saragoni (1976). La Red Nacional de Acelerografos, 2as. Jornadas Chilenas de
Sismologia e Ingenieria Antisismica, F8.1-F8.7 (in Spanish).

Matsuoka, M. (2010). Personal communication (21/April/2010).

Midorikawa, S. (1990a). Ambient Vibration Tests of Buildings in Santiago and Vina del Mar, DIE
No0.90-1, Departamento de Ingenieria Estructural, Pontificia Universidad Catolica de Chile, 169pp.
Midorikawa, S. (1990b). Site Response at Strong-motion Sites of SMASCH Array in Santiago, DIE
No0.90-5, Departamento de Ingenieria Estructural, Pontificia Universidad Catolica de Chile, 76pp.
Municipality of Concepcion (2010). Informe Parcial Edificios de 3 o Mas Pisos Segun Condiciones

Estructurales, http://www.concepcion.cl/



Municipality of Santiago, (2010). Antecedentes Histéricos, Hacia la Ciudad vivible y confinable,
http://www.municipalidaddesantiago.cl/comuna/comuna_450-adelante.php

Nicolau del Roure, R. G. et al. (1980). Caracteristicas de la Amplificacion Sismica en la Ciudad de
Concepcion, 3as. Jornadas Chilenas de Sismologia e Ingenieria Antisismica, C.4.1-C.4.18 (in
Spanish).

Poiata, N. and K. Koketsu (2010). Source process inversion of teleseismic body waves,
http://outreach.eri.u-tokyo.ac.jp/2010/03/201003_centralchile/

Riddell, R. et al. (1985). Analisis de Espectros de Terremotos Chilenos (Registros Hasta 1981), DIE
No.85-5, Departamento de Ingenieria Estructural, Pontificia Universidad Catolica de Chile, 128pp.
(in Spanish).

Riddell, R. et al. (1992). Clasificacion Geotecnica de Los Sitios de Estaciones Acelerograficas en Chile,
DIE No0.92-2, Departamento de Ingenieria Estructural, Pontificia Universidad Catolica de Chile,
174pp. (in Spanish).

Saldan, A. (2010). Slip Maps of Recent Earthquakes, Preliminary Result 02/27/2010 (Mw 8.8), Chile,
http://tectonics.caltech.edu/slip_history/2010_chile/index.html

Saragoni, R. (2010). Personal communication (6/April,2010).

Seismological Service, U. Chile (2010). Informe Tecnico Terremoto Cauquenes 27 Febrero 2010, 3
April 2010, http://ssn.dgf.uchile.cl/informes/INFORME_TECNICO.pdf

Shao, G. et al. (2010). Preliminary slip model of the Feb 27, 2010 Mw 8.9 Maule, Chile Earthquake,
http://www.geol.ucsbh.edu/faculty/ji/big_earthquakes/2010/02/27/chile_2_27.html

USAID (2010). Chile Earthquake Map Book:04/08/10, http://www.usaid.gov/helpchile/ (20/April/2010)

Valenzuela, G. B. (1978). Suelo de Fundacion del Gran Santiago, Boletin N0.33, Instituto de
Investigciones Geologicas, 84pp. (in Spanish).



Damage of Buildings

4.1 RC
(Damage of RC Buildings)
D
NCh433-1996(1996)
1974 1996 1974
1966
Arze(1986) 1928 Talca
1930
1935 30,000
1939  Chillan Concepcion 1949
1960
1966 1974
0.1 0.06
15 45m
(NCh433-1972
(Provisional))
1985 Vifia del Mar
1993 1996 NCh433-1996(1996)
NCh433-1996(1996) 15
o= 24 (i,:)" 4.1-1
gR T
Ay Fig.4.1.1-1 04 0.3 0.2
T n R
RC R=7
3 R=7 4.1-1 Fig.4.1.1-2 4.1-1
Fig.4.1.1-2 RC
RC g 50
412 ) f
f=125-05¢ 05<¢<10 (412 )



S =

a

1987)

A4=04g a=3 1

RC

1985 Vifia del Mar
0.15
1 4
[ . AO o
R*
I
Fig.4.1.1-3
2 15
0.17g 0.13g

0.75
(Mw=8.0
Fig.4.1.1-2
1/2
1 2
4.1-3
a
=3 R"
20
Fig.4.1.1-4
R'=7

Fig.4.1.1-1 Seismic zone map (NCh433-1996)

(Riddell et al.,

I=1.0




02

0.182
0.18 0.168 \
0.16

o 0.140 \
0.14

0.126\ ‘
012 ——\

0.08

%
:

006
0.067

004 r
002 r

0 05 1 15 2 25
T*
Fig.4.1.1-2 Seismic design base shear coefficient (NCh433-1996)

WA
SINC N N

15 ¢

05

Fig.4.1.1-3 Amplification factor for design spectral acceleration (NCh433-1996)

35



10
9 [
8
7
*
x 6
5 [
4 [
3 [
2 [
1 [
0
0 5 10 15 20 25
Fig.4.1.1-4 Reduction factor for the wall system RC buildings (NCh433-1996)
2) RC
RC (NCh430-2007) 1957 NCh429 (Hormingén armado —
Parte 1) 1961 NCh430 (Horming6n armado — Parte)
NCh430-2007(2007)  ACI318-05
NCh433-1996 (1996) RC
Riddell et al.,(1987)
NCh429  NCh430 1952 1959 DIN1045
ACI A
CEB FIP
RC “working stresses”
Riddell et al.(1987) Fig.4.1.2-1
(Riddell et al., 1987) 1/25 20cm
6m 15cm 1961 NCh330
15cm Riddell et al.(1987)

15 20cm D25 D32



90

1996
L U
Riddell et al.(1987) 0.2%
30cm 15mm 1957 NC 429
D10
190 kg/lcm®  255kg/cm? (Riddell et al., 1987)
Fig.4.1.2-2 1985 Vifia del Mar (Mw=8.0
(1993) 1970
RC
Fig.4.1.2-3 Fig.4.1.2-2
1985 1965
0.2% 30cm
15mm  NC 429
O O O
1/25
20cm
<5:> 6m 15cm
(@] Q (@] Q
15cm
D25 D38
90<= | |
1993

Fig.4.1.2-1 Typical wall details (Riddell et al., 1987)

D8

Flores(Editor)



Fig.4.1.2-3 Damage example of the wall-end in the event of 1985 (Acapulco) (Flores R. A. (Editor), 1993)
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4) RC
(Example of Damaged RC Wall System Buildings)

RC
(Santiago) (Maipu) (Concepcion)
(Vina del Mar) (Talca) (Chillan)
"Building” "Edificio”
EdIfICIO o O**** [ele) *kkk

Edificio Los Leones 1300

Santiago
20 2
2000
Fig.4.1.4-1(b) 20 2
2 2
1 150mm 600mm><400mm

Fig.4.1.4-1(c) (d)

(Fig.4.1.4-1(e))



20

Fig.4.1.4-1(b) Schematic Elevation

Fig.4.1.4-1(a) Appearance of
Edificio Los Leones 1300

Fig.4.1.4-1(c) Deformation of Wall Fig.4.1.4-1(d) Buckling and Breaking of Wall
Reinforcement on Underground Level Caused Reinforcement
by Compressive Force

Fig.4.1.4-1(e) Support Steel Pipe Standing
near Shear Wall
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(Fig.4.1.4-2(d))

25mm

8mm 90<=

4.3

(Fig.4.1.4-2(h))

90<=
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Sol Oriente 2 Sol Oriente 1

Fig.4.1.4-2(b) Schematic Site Plan

Fig.4.1.4-2(a) East Side
Appearance of
Sol Oriente 1

Fig.4.1.4-2(d) _ _
Failure of Exp. Joint Flg'4.1.4R-2'(? De'télllt of Wall
from Inside einforcemen

Fig.4.1.4-2(c)
Failure of Exp. Joint
from Outside

Fig.4.1.4-2(f) Damage of Partition
Wall

Fig.4.1.4-2(g) Damage
of Partition Wall



Fig.4.1.4-2(h) Damage of Ceiling Fig.4.1.4-2(i) Damage of Shear Wall on
Underground Level

Fig.4.1.4-2(j) Detail of Failed Joint
between Wall and Beam

Fig.4.1.4-2(k) Detail of Failed Joint
between Column and Slab

Fig.4.1.4-2(1) Detail of Failed Joint
between Column and Slab
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27 4 1
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(Fig.4.1.4-3(9))

Fig.4.1.4-3(c)

Failed
Wall on

4" Floor

—

Fig.4.1.4-3(a)

Fig.4.1.4-3(b) Schematic Site
Plan

Fig.4.1.4-3(a) East Side Appearance
of Edificio Los Cerezos 33

Fig.4.1.4-3(c) Detail of Failed Wall on
Entrance 1% Floor



Fig.4.1.4-3(e) Detail of Failed
Wall on 4™ Floor from Inside

Fig.4.1.4-3(d) Detail of Failed
Wall on 4" Floor from Outside

Fig.4.1.4-3(f) Detail of Failure on End of Beam

Fig.4.1.4-3(g) Gravel Used
in Wall
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(Fig.4.1.4-4(e)))

Fig.4.1.4-4(b) Schematic Elevation

Fig.4.1.4-4(c) Damage of Shear Failure
on Wall

Fig.4.1.4-4(d) Damage of Shear
Failure on Perpendicular Wall

Fig.4.1.4-4(e) Damage of Joint between Wall
and Girder



Patio Mayor
Santiago
Av. Del Valle 937, Ciudad Empresarial
5
2000
Raddison 200m

(Fig.4.1.4-5)

Fig.4.1.4-5 Damage of
Stairway Area of Patio Mayor

Don Tristan

Maipu
Calle Bailen 2320
4 1 5 1
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4 1 5
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Fig.4.1.4-6(c)

/

7

VA Fig.4.1.4-6(b) Key plan and section

Fig.4.1.4-6(d)

Fig.4.1.4-6(a) Schematic Site Plan

Fig.4.1.4-6(e) Pancake Crush of 1% Story
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Fig.4.1.4-7
((9)

Fig.4.1.4-7(a) Appearance of
Don Luis

/

Fig.4.1.4-7 (Q)(c)

Fig.4.1.4-7(b) Schematic Site Plan




Fig.4.1.4-7(c) Appearance of Fig.4.1.4-7(d) Shear Failure Damage
Don Luis of Wall on 1% Floor

Fig.4.1.4-7(f) Compressive Failure
Damage of Wall on Underground Floor

Fig.4.1.4-7(g) Detail of Top of Wall on
Underground Floor

Fig.4.1.4-7(h) Detail of Reinforcement

Fig.4.1.4-7(i) Damage of Upper
Floor’s Slab



Condominio Los Jazmines

Maipu
Tristan Valdes 275
4 1 5 1
2000
5 4 1
1
Fig.4.1.4-8(b)
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Fig.4.1.4-8(c)(d)

Fig.4.1.4-8(b)(c)(d)

Fig.4.1.4-8(a) Site Plan of Condominio Los Jazmines

L ke ML
Fig.4.1.4.8-(c) Damage of Fig.4.1.4-8(d) Detail of Wall
Outer Wall



Vista Hipodromo

Santiago
Av. Hipodromo Chile 1631
21 1
2000
21 21
21

1 1/3

Fig.4.1.4-9(a)
1
(Fig.4.1.4-9(c)(d)(e)(f)) D8
90= (Fig.4.1.4-9(d)(f))

(Fig.4.1.4-9(9))

g 14-9(0) Fig.4.1.4-9(c)(d)

Fig4.1.4-9(e)

Fig.4.1.4-9(b) Schematic Site Plan

Fig.4.1.4-9(a) Appearance of
Vista Hipodromo



Fig.4.1.4-9(d) Detail of Top of Failed Wall
on 1% Floor

Fig.4.1.4-9(c) Damage of
Wall on 1% Floor

Fig.4.1.4-9(e) Damage of Wall on 1
Floor

R\

Fig.4.1.4-9(f) Detail of Top of Failed
Wall on 1% Floor

Fig.4.1.4-9(g) Damage of Stair Step



Edificio Caupolican 518

Concepcion
11
Concepcion
11 3
9 9

(Fig.4.1.4-10(b))

Fig.4.1.4-10(a) Appearance of
Edificio Caupolican 518

Fig.4.1.4-10(b) Detail of Upper Floor

Edificio Los Carreras 1535
Concepcion

17 1
2006

Fig.4.1.4-11(b)

Fig.4.1.4-11(a)

Fig.4.1.4-11(c) 2

Fig.4.1.4-11(a) Fig.4.1.4-11(d)
Fig.4.1.4-11(e)
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Fig.4.1.4-11(e)

Fig.4.1.4-11(c)
Fig.4.1.4-11(d)

__________

Fig.4.1.4-11(a) Appearance of
Edificio Los Carreras 1535

Fig.4.1.4-11(e) Failure at Beam Ends
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f Fig.4.1.4-12(c)

Fig.4.1.4-12(b) Schematic Site Plan

Fig.4.1.4-12(a) Appearance of
Plaza del Rio

Fig.4.1.4-12(c) Damage of Wall on 1* Floor



Fig.4.1.4-12(d) Damage of Shear
Failed Wall

Torre O’higgins
Concepcion
O’higgins 241
20

Concepcion 2
(Fig.4.1.4-13(a))
(Fig.4.1.4-13(e))
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Fig.4.1.4-13(e)

Fig.4.1.4-13(b) Schematic Site Plan

Fig.4.1.4-13(a) Front Side
Appearance of Torre O’higgins

Fig.4.1.4-13(c) Back Side Appearance

Fig.4.1.4-13(d) Detail of Story
Collapse on 8" Floor

Fig.4.1.4-13(e) Shear Failure of Wall



Fig.4.1.4-13(f) Detail of Story Fig.4.1.4-13(g) Shear Failure of Wall
Collapse on 8" Floor

Fig.4.1.4-13(h) Detail of Failed Wall

Edificio Lincoyan 440

Concepcion
18 1
1973
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(Fig.4.1.4-14(d))

Fig.4.4.1-14(b)
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Fig.4.1.4-14(a) Overall Appearance of
Outside of Edificio Lincoyan 440
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Fig.4.1.4-14(a)

Fig.4.1.4-14(c) Floor Plan and the
Supposed Location of Walls

Congested Reinforcement
Arrangement in the Wall
with Small Thickness



Centro Mayor

Concepcion
Freire 1165
17 1
2007
Concepcion

— Ty

Fig.4.1.4-15(a) Appearance of
Outside of Centro Mayor

Fig.4.1.4-15(f)

(Fig.4.1.4-15(c),(d),(e))
Fig.4.1.4-15(e)

Way out from basement

""" Vo \Vay in tqbasément

' !

p—

Fig.4.1.4-15(g) '
A Fig.4.1.4-15(h) .
n L} L}

oVl
Fig.4.1.4-15(j) Fig.4.1.4-15(i)

AN

Fig.4.1.4-15(a)

Fig.4.1.4-15(b) Imaged Key Plan of
1% Story from the View of Outside



= _
Fig.4.1.4-15(c) Compression Failure of

Squeezed Wall - (Photo by Mr. Maureira, N.) Fig.4.1.4-15(d) Compression Failure of

Squeezed Wall  (Photo by Mr. Maureira, N.)

-

TR ——
Fig.4.1.4-15(f) Squeezed Wall Section due to
Opening

Flg 4.1.4- 15(e) Compressmn fallure of
Squeezed Wall  (Photo by Mr. Maureira, N.)

. ; . g Fig.4.1.4-15(h) Shear Failure of Wall
Fig.4.1.4- 15(g) Compressmn Failure of (Photo by Mr. Maureira, N.)
Wall End  (Photo by Mr. Maureira, N.)



Alto Rio
Concepcion
Av. Arturo Prat  Av. Los Carrera

12 2
(Fig.4.1.4-16(a))
9
Concepcion Av. Los
Carrera (Fig.4.1.4-16(c))
Fig.4.1.4-16(a) 12 1
12
2 L (Fig.4.1.4-16(d))
12

(Fig.4.1.4-16(e))

(Fig.4.1.4-16(f)(q))

(Fig.4.1.4-16(d))

(Fig.4.1.4-16(h))
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Fig.4.1.4-16(a) Appearance of Alto Rio Fig.4.1.4-16(b) Appearance after Earthquake
before Earthquake from Website
http://www.flickr.com/photos/monolive/

4484829133/
s
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\
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\
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Fig.4.1.4-16(c) Schematic Site Plan

Fig.4.1.4-16(d) Schematic Elevation
and Imagined Collapse Mechanism

Fig.4.1.4-16(e) Damage of Wall on 8"
Floor Fig.4.1.4-16(f) Collapse of Main
Entrance Floor



Fig.4.1.4-16(g) Detail of Wall on Mail
Entrance Floor

Fig.4.1.4-16(h) Broken Wall by

Rescue Team
Edificio Plaza Mayor
Concepcion
Castellon 1367
14 1
Fig.4.1.4-17(b) 6
No.1 Fig.4.1.4-17(b) No.2 No.1
1993
(Fig.4.1.4-17(c)) 10cm
90 (Fig.4.1.4-17(d)) Fig.4.1.4-17(e) T
T
90
Fig.4.1.4-17(f)

Fig.4.1.4-17(c) RC



J Fig.4.1.4-17(a)

Fig.4.1.4-17(b) Layout of 6 Buildings

Fig.4.1.4-17(a) Overall view of Plaza
Mayor

Fig.4.1.4-17(d) Failure of
Column with Wall Thickness

q ¥ ;.r. __-' . el .
Fig.4.1.4-17 (f ) Anchor in the Wall
without Reinforcement



Toledo

Vina del Mar
3 Norte 487
10 1
1997
36m 6.4m
250mm 300mm 1
(Fig.4.11.4-18(b)(d))

1/100

Fig.4.11.4-18(b) Damage on
Wall of 1% Floor

Fig.4.1.4-18(a) Appearance of
Toledo

/\

10 =
Fig.4.11.4-18(b) S
>
5
&

y

Fig.4.11.4-18(d)

3 Norte)\

Fig.4.1.4-18(a)

Fig.4.1.4-18(c) Schematic Site Plan



Fig.4.11.4-18(d) Damage on
Wall of 1% Floor

Tricahue
Vina del Mar
8 Norte 501
11 1
1997

(Fig.4.1.4-19(b)) 1 2 (t=180mm)
(Fig.4.1.4-19(c))
(t=180mm)
(Fig.4.1.4-19(d)(e)) (Fig.4.1.4-19(f))
(Fig.4.1.4-19(q))



Fig.4.1.4-19(b) Damage of End of Wall
on Balcony

Fig.4.1.4-19(a) Appearance of
Tricahue

Fig.4.1.4-19(c) Damage of Wall on
1% Floor

Fig.4.1.4-19(d) Shear Failure of Wall
on Underground Level

Fig.4.1.4-19(e) Shear Failure of Wall
on Underground Level

Fig4.1.4-19(f) Structural Frame on Fig4.1.4-19(g) Damage of Joint
Underground Level between Wall and Beam



Rio Petrohue

Vina del Mar
7 Norte 585
18 1
1993
1
(Fig.4.1.4-20(b)) 1
(Fig.4.1.4-20(c)(d)) 2
1 (Fig.4.1.4-20(e))

200mm D29
(Fig.4.1.4-20(f)(9))

Fig.4.1.4-20(b) Damage of Wall
on 1* floor

Fig.4.1.4-20(a) Appearance of
Rio Petrohue

.
¥ _*--"C;I._i W
"

Fig.4.1.4-20(c) Damage of Top of Wall
on 1* Floor



Fig.4.1.4-20(e) Damage of Beam on 1%
Floor

Fig.4.1.4-20(d) Damage
of Wall on 1% Floor

Fig.4.1.4-20(g) Damage of Wall on
Underground Level

Fig.4.1.4-20(f) Damage of Wall on
Underground Level

o Torre der Mar
Vina del Mar
8 Norte 380
16 1
1988
1 2 3
3 3
4 (Fig.4.1.4-21(d)) 3

(Fig.4.1.4-21(e))
(Fig.4.1.4-21(f)(g)(h)(i))



1

= Fig.4.1.4-21(b)
% i Schematic Elevation
Fig.4.1.4-21(i)

» T

Fig.4.1.4-21(a) Appearance of
Torre der Mar

IFig.4.1.4-21(g)

Fig.4.1.4\->&Q\\’
Fig.4.1.4-21(h) T Fig.4.1.4-21(a)

Fig.4.1.4-21(c) Schematic Site Plan

Fig.4.1.4-21(f) Damage of Wall on 3"

. Floor
Fig.4.1.4-21(e) Damage of Wall



Fig.4.1.4-21(g) Damage of Wall on 3 Floor

Fig.4.1.4-21(h) Detail of
End of Wall on 3" Floor

Fig.4.1.4-21(i) Damage of Wall on

3" Floor
@ Rio Imperial
Vina del Mar
2 Poniente 648
16
1999

(Fig.4.1.4-22(b)(c))
(Fig.4.1.4-22(d))



Fig.4.1.4-22(b) Shear Failure of Joint
between Wall and Beam
Fig.4.1.4-22(c)

Fig.4.1.4-22(a) Appearance of Rio
Imperial

Fig.4.1.4-22(c) Shear Failure of Beam

Fig.4.1.4-22(d) Damage of Inner Wall Seen
from Outside



5) RC

Hospital de Curico

5 (Fig.4.1.5-5)
1973
700mmx700mm
D10 200mm 90
(Fig.4.1.5-4)
(Fig.4.1.5-3)
50 60mm
(Fig.4.1.5-4)

[ ]

Fig.4.1.5-2 | |
Fig.4.1.5-1 Key plan of the hospital

TR

Fig.4.1.5-5 Damage on the portioning wall
Fig.4.1.5-4 Detail of hoops and egg-size gravels made of hollow bricks



4.2 RC
(Damage of Buildings Other than RC Structure)

D

(Talca)
Fig.4.2.1-1(a) Fig.4.2.1-1(c)

90<

e -

b f —— - e _ o - [
_,..-lﬂ"" / ) Fig. 4.2.1-1(b) Detail Fig. 4.2.1-1(c)
Fig. 4.2.1-1(a) Damage of Confined of Failed Column in Detail of Failed
Masonry Building (in Talca) Confined Masonry Column in Confined

Building Masonry Building



Don Teodoro

Rozas 1145

Fig.4.2.1-2(a) 4
3
Fig.4.2.1-2(c) 1
1
(Fig. 4.2.1-2(b))
(Fig. 4.2.1-2(c))
(Fig.
4.2.1-2(c))

Fig. 4.2.1-2(b) Detail of Failed

Fig. 4.2.1-2(a) Appearance of Don Teodoro wall

Fig. 4.2.1-2(c) Detail of Failed
Column



2)

Fig.4.2.2-1(a) Fig.4.2.2-1(b)

Fig. 4.2.2-1(a) Damage of Unreinforced Fig. 4.2.2-1(b) Detail of Failed
Masonry School (in Talca) Gable Wall in Unreinforced
Masonry School



Parroquia Los Doce Aposteles

Parroquia Los Doce Aposteles Av. Argentina  Av. Juan Ross
1844

(Fig.4.2.2-2(a))
(Fig.4.2.2-2(b))

—

Fig. 4.2.2-2(a) Damage of Unreinforced Masonry
Church (in Valparaiso)

Fig. 4.2.2-2(b) Detail of Failed
Column in Unreinforced
Masonry Church

3)



(Curico) (Chillan)
Fig.4.2.3-1(a)

Fig.4.2.3-1(b)

Fig.4.2.3-1(c)

-

Fig. 4.2.3-1(a) Damage of Adobe Masonry Fig.4.2.3-1(b) Severe Damage of Adobe
House (in Curico) Masonry House (in Chillan)

MR T e T Y by W
Fig.4.2.3-1(c) Severe Damage of Adobe
Masonry House (in Talca)

iy

4)

Fig.4.2.4-1(a)



Fig.4.2.4-1(b)

8mm

Fig.4.2.4-2(a)

Fig.4.2.4-2(a) Fig.4.2.4-2(b)
(Fig.4.2.4-2(c))

-l

Fig.4.2.4-1(b) Detail of Joint between

Fig.4.2.4-1(a) Damage of Wooden House Foundation and Ground Sill

Caused by Tsunami (in Talcahuano)

Fig.4.2.4-2(a) Appearance of Wooden House
Damaged by Tsunami (in Talcahuano)



Fig.4.2.4-2(c) Scratch by Ship Carried by Tsunami
(in Talcahuano)

Fig.4.2.4-2(b) Marks of Height of
Tsunami in wooden House
(in Talcahuano)

Fig.4.2.4-3(a)

3200mm

(Fig.4.2.4-3(b)) (Fig.4.2.4-3(c))
(Fig.4.2.4-3(d))

Fig.4.2.4-3(a) Complete Collapse of Wooden
House by Tsunami (in Dichato)



Fig.4.2.4-3(b) Detail of Joint between
Foundation and Ground Sill

Fig.4.2.4-3(d) Damage of Masonry House
Caused by Tsunami (in Dichato)



4.3
(Damage of Non-Structural Members)

D

Fig.4.3.1-1(a) Fig.4.3.1-1(d)
1 Fig.4.3.1-1(a)
2 Fig.4.3.1-1(b) Fig.4.3.1-1(c) 2
3 Fig.4.3.1-1(d) 3

Fig.4.3.1-1(d)

Fig.4.3.1-1(a) Damage of Ceiling Panel on
2" Floor of Santiago Int’l Airport

Fig.4.3.1-1(b) Damage of
Ceiling Panel on 3" Floor of
Santiago Int’l Airport



Fig.4.3.1-1(d) Damage of Facility
Equipment above Ceiling Panel
on 3" Floor of Santiago Int’I Airport

Fig.4.3.1-1(c) Damage of Ceiling Panel on
3" Floor of Santiago Int’l Airport

Centro de Salud Familiar (Chillan) Chillan Biejo
Chillan Biejo 2 RC
2



RC

Fig.4.3.1-2(a) Appearance of Centro
de Salud Familiar

Fig.4.3.1-2(c) Damage of Hanging
Ceiling



Torre del Mar

Fig.4.3.1-2
Fig.4.3.1-3 Damage of Direct Ceiling
2)
Edificio Sol Oriente 1y 2
Fig.4.3.2-1(a) Fig.4.3.2-1(b) Edificio Sol Oriente 1y 2

e -y

Fig.4.3.2-1(a) Damage of Partition Wall
Made from Plaster

Fig.4.3.2-1(b) Damage of
Partition Wall Made from
Plaster



Plaza Mayor
Fig.4.3.2-2

RC

Plaza Mayor

Fig.4.3.2-2 Damage of
Partition Wall Made from Wood
Panel

RC



4.4

(Investigated Cities and Characteristics of Damage)

1) Santiago

1500

4200kg/cm? 6300kg/cm?

Cerezos Sol Oriente 3
1
3
Don Tristdin Don Luis Los Jazmines
0.569

Don Tristan
Luis

Los Jazmines

Radisson Patio Mayor Vista Hipédromo

1/3

8%

Fig.4.4.1-1

15 25cm

18 27

90

A63-42H

Los Leones

Los

Don



¥ - [ g Sl L s | :
* Don Tristan, Do ry a half of basement floor area. They are ™
described as 5 storied buildings including the basement level in terms of structural configuration.

Fig.4.4.1-1 Location of the investigated buildings in Santiago



2) Curico

0.47g

(Fig.4.1.5-1 Fig.4.1.5-5) 1973

2003 3

10

Fig.4.4.2-1 Location of Hospital de Curico in Curico



2) Talca

Fig.4.4-3 [

20km Villa de Alegre

Fig.4.4.3-1 Location of the investigated buildings in Talca



3) Concepcion

(Category 1) 8
Category 1
Category 2
Category 3
Category 2 68 23
2 3

16

Fig.4.4.4-1 Location of the investigated buildings in Concepcion



