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In a way, earthquake engineering is a cartoon of other branches of 

engineering.  Earthquake effects on structures systematically bring out the 

mistakes made in design and construction – even the most minute mistakes”

Emilio Rosenblueth and Nathan Newmark (1971)

1. INTRODUCTION
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2. PRE 1985 BUILDINGS IN 

VIÑA DEL MAR



FESTIVAL (1979 – 14stories)

N

1985 Damage:  Diagonal cracking in 

N-S walls on 1st, 2nd floors. 

Retrofit Scheme: damaged walls 

sandwiched with 4” thk. (N) R.C. walls.

Damage 2010: Severe crushing, rebar 

buckling, rebar fracture on N-S and E-W 

walls
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FESTIVAL (1979 – 14stories)



HANGA ROA (1970 – 15stories)

N

1985 Damage: 1-foot wide full-height 

vertical crack in one shear wall. 

Retrofit Scheme: possibly (N) thicker wall 

was poured.

Damage 2010: Diagonal cracking, minor 

plaster spalling



HANGA ROA (1970 – 15stories)



HANGA ROA (1970 – 15stories)



ACAPULCO (1964 – 15stories)

N

1985 Damage: shear walls angled 

from corridor crushed at boundaries; 

slab coupling; slip at construction joints 

Retrofit Scheme: (N) walls were poured 

next to (E) in some locations.

Damage 2010: Severe crushing/buckling at 

longitudinal shear walls.  Diagonal cracks in 

angled walls.



ACAPULCO (1964 – 15stories)



ACAPULCO (1964 – 15stories)



PLAZA DEL MAR (1982 – 23stories)

N

1985 Damage: minor diagonal 

cracking in shear walls at ground floor.  

Cracked lintels.

Damage 2010: minor



PLAZA DEL MAR (1982 – 23stories)



BAHIA (1960s? – 10 stories)

N



BAHIA (1960-1970? – 10 stories)



BAHIA (1960-1970? – 10 stories)



BAHIA (1960-1970? – 10 stories)



MIRAMAR (1975 – 21stories)

N

1985 Damage: none/minor; signs of 

foundation rocking were reported.

Damage 2010: none/minor



MIRAMAR (1975 – 21stories)



3. SOME HISTORY AFTER 1985
1. “Evaluation of El Faro building indicates that lightly reinforced walls are susceptible to fracture of 

the longitudinal reinforcement (in flexure).” (Wood 1991)

2. “For rectangular, symetrically reinforced walls… concrete confinement... is not indicated.  For 

walls having T- and L-shaped cross sections... some confinement may be justified in the stem”.

(Wallace & Moehle, 1992, on a discussion of bearing walls with very specific features.  Their 

conclussions led to changes to the ACI boundary element section of ACI 318-99, focusing on strain 

instead of strength)

3. “When the total cross section of walls is large enough, i.e. 0.02 to 0.03 times the floor plan area in 

each direction… for buildings up to 25 stories high,  flexural yielding of  boundary reinforcement 

of walls is kept at a moderate level… These facts yield… to a system where collapse is almost 

unthinkable.”  (Hidalgo 1996)

4. “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.Of96, 

1996)

5. “It’s a fact that structural engineers are not required by NCh433, to design buildings with the same 

structural features of pre-1985 buildings.  These results in inconsistencies that warrant future 

studies”  (Hidalgo 2002, in Spanish).

(References at end of presentation)



4. POST 1996 BUILDINGS IN 

VIÑA DEL MAR



TOLEDO (POST 1996 – 11 stories)

N



16”

TOLEDO (POST 1996 – 11 stories)



TOLEDO (POST 1996 – 11 stories)



RIO PETROHUE (POST 1996 – 17 stories)

N



RIO PETROHUE (POST 1996 – 17 stories)



RIO PETROHUE (POST 1996 – 17 stories)



BASED ISOLATD BUILDING (2010 – 7 stories)



ANTIGONA (POST 1996 – 16 stories)

N



ANTIGONA (POST 1996 – 16 stories)



ANTIGONA (POST 1996 – 16 stories)



5. BUILDINGS WITH NO 

DAMAGE IN VIÑA DEL MAR



BUILDINGS WITH NO DAMAGE



BUILDINGS WITH NO DAMAGE



BUILDINGS WITH NO DAMAGE

“Only 0.3% of the 20,000 buildings 

constructed after 1985 have 

severe damage”

“We are a worldwide example of 

quality” 

“In the 3 collapsed buildings there 

must be a technical error and they 

must be investigated”

“Design spectra must be revised”

Gonzalo Santolaya, UC



6. CONCLUSIONS
1. 1985 to 2010 ground motion comparison:

- PGAs: 036g against 0.33g in 2010

- Duration:  40 sec against 25 sec of GM > 0.1g in 2010

- Acceleration Spectra:  Similar  shapes.  Slightly lower Sa at the long 

period range in 2010.

2. Pre 1985 and post 1996 buildings fared well.

3. 25-35% of evacuated buildings in Viña del Mar were pre 1985 buildings.  

Number of mid-, high-rise buildings has at least doubled or tripled since 1985.

4. Pre 1985 buildings features:  parking outside of building footprint; no wall 

discontinuities; slightly higher area of shear wall; wall thickness usually 12” 

minimum.

5. Post 1996 buildings features:  building footprint area at 1st floor and below 

ground commonly used for parking; wall discontinuities to allow for parking 

requirements; slightly lower area of shear wall; wall thickness usually 6” to 8” 

minimum.
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