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Basic data

Date: 27.2.2010 at 3:34 (local time)
MW = 8.8
Focal depth: 35 km
Rupture length: about 500 km 
Epicentral distance

Santiago 335 km
Conception 105 km

Intensity: MMI = IX and less
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Design ground accelerations



Maximum accelerations

(Boroschek, 2010 and GEER, 2010)

0.65Colegio San Pedro, Concepción 

0.190.33Vina del Mar (Centro)

0.260.35Vina del Mar (Marga Marga)

0.050.14Hosp. Valdivia

0.200.47Hosp. Curico

0.130.27Hosp. Sotero de Rio RM

0.280.30Hosp. Tisne RM

0.240.56CRS MAIPU RM

0.130.24Metro Mirador Santiago

0.140.17Univ. de Chile, Depto Ing. Civil, Santiago

Ver. PGAHor. PGA Station



Accelerograms Santiago

L’Aquila

Soto, Boroschek



Acceleration spectra Santiago

Soto, Boroschek



Accelerograms Curico

Soto, Boroschek



Acceleration spectra Curico

Soto, Boroschek
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New buildings Chile



USA versus Chile

Wallace, Moehle, ASCE ST 1992



Typical building Slovenia



Chilean Code, NCh433 (1996)

5.1.1 This standard … aims to achieve structures that:
a) resist moderate intensity seismic actions without damages;
b) limit damage to non-structural elements during earthquakes of
regular intensity;
c) prevent collapse during earthquakes of exceptionally severe
intensity, even though they show some damage.

In particular, the provisions for reinforced concrete 
wall buildings are based on their satisfactory 
behavior during the earthquake of March, 1985. The
design of those buildings was performed in accordance with
the NCh433.Of72 code.



Chilean Code, NCh433 (1996)

Annex B Transitory references

B.2: The Provisions of the Building Code Requirements for 
Reinforced Concrete, ACI318-95, shall be used. In particular, 
the structural elements that form part of reinforced concrete 
frames intended to resist seismic loadings, must be dimensioned 
and detailed according to the provisions for zones of high seismic
risk, located in chapter 21 of said code.

B.2.2 When designing reinforced concrete walls it is not
necessary to meet the provisions of paragraphs 21.6.6.1
through 21.6.6.4 of the ACI 318-95 code.



Chilean Code, NCh433 (1996)

There are no specific provisions for vertical irregularities



Chilean Code, NCh433 (1996)



Design practice in Chile

Anchorage of the horizontal reinforcement in walls



Performance of buildings



Characteristics of buildings

"Edificios Chilenos de Hormigón Armado," ICH, 2002



Problem

The area of walls as a fraction of the total floor
area has remained about constant, but the
number of stories has increased significantly, 
resulting in higher axial stresses in the walls.



Additional problem

Vertical irregularities, mostly vertical setbacks
(narrowing of walls near base –”flag wall”
configuration)

Long duration of earthquake – a large number of
loading cycles – and strong aftershocks





Alto Rio,  Conception

Fabian Rojas, USC

After Earthquake
Before Earthquake (Photo: www.elperiodistaonline.cl)

• 15 Stories, RC, Housing

• 2 Underground Levels

• Built in 2008

• At the moment of the
earthquake in the building
only 87 people were in there:
- 8 died
- 79 survived: 52 got out of
the building by their own, 27 
were rescued from the debris



Alto Rio

Fabian Rojas, USC







Festival, Viña del Mar

Wallace, Moehle, ASCE ST 1992 14 Stories, 1978















First  basement



































EC8 versus Chile experience

EC8: No confinement required only if
σ ≤ 0.15 ·fcd DCM

DCM
DCH

σ ≤ 0.40 ·fcd
σ ≤ 0.35 ·fcd

EC8:

NoneChile:

Axial stress limitations



EC8

15cm DCH
20cm DCM



Conclusions (1)

Exceptional magnitude, long duration, moderate
intensity
Majority of engineered buildings survived the
earthquake well
Some buildings, also very new ones, were badly
damaged



Conclusions (2)

New observation: Systematic failures of slender
walls with high compression in new buildings
In particular in first basement
Failure was local and brittle. Inadequate
confinement (for high axial stress). Loading
could not be transmited to the periferal
basement walls



Conclusions related to EC8

EC8 requirements could prevent such
compressive failures.

The wall-to-floor area limitation (related to the
number of floors) is still missing

Anchorage of the horizontal reinforcement into
confined boundary areas is not specified
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