Seismic Design of Multistorey Concrete Structures

Lecture 1

Observed Seismic Response of Concrete
Buildings during Earthquakes

Course Instructor:

Dr. Carlos E. Ventura, P.Eng.
Department of Civil Engineering

The University of British Columbia
ventura@civil.ubc.ca

Short Course for CSCE Calgary 2006 Annual Conference

Instructor: Dr. C.E. Ventura

CONCRETE CONSTRUCTION

e Structural walls or frames
» Cast-in-place, or precast prestressed
 Combinations of the above
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Seismic Hazard

Source 1

Shaking at site depends on:

* proximity of sources 0
. C!
« return period oW
* path
* site conditions
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Brittle vs. Ductile Behavior

Yield point
Non-linear and ductile

<«— Elastic range
I

Deformation )
Permanent deformation
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LARGE P-DELTA LOADS IN MULTI-STORY BUILDING
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Recorded Motions in Buildings
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1994 Northridge Earthquake
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Van Nuys, California — Holiday Inn building
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Typical column reinforcement details
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. Extend all bars
Lap 24 bar dia. for interior 2 from below
column. Lap 36 bar dia. for
exterior column min. 600 | |50 mm
mm (typ.) i
305 mm
(max.)
305 mm
(max.)
slope 1:6 max. 4 @ 75 mm
#5 stirrups
@ 300 mm
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Recorded Earthquakes and Vibration Tests

Max. Base  Max. Roof Drift Period Freq.
Accel. (@)  Accel. (@) R-B (cm) (Sec.) (Hz)
Pre-1971 ambient measurement - - - 0.52 1.92
[ 1971 San Fernando (M=6.5, d=20 km) 0.14 0.32 7.8 1.3 0.77 |
Post-1971 ambient measurement - - - 0.7 1.43
1987 Whittier (M=6.1, d=41 km) 0.14 0.17 2.8 1.1 0.91
1992 Landers (M=7.5, d=187 km) 0.04 0.13 3.2 1.2 0.83
1992 Big Bear (M=6.6, d=152 km) 0.02 0.06 16 1.2 0.83
1994 Northridge (M=6.7, d=7 km) 0.45 0.58 23.0 15-2.0 0.67-05
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Comparison of Roof Particle Motion

Ground Floor Displ. (cm
M-S (Lang )

M-S (Long )
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San Femando Whittier
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Column damage
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Damage Details
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Interior Damage

1)
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North side damage
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Temporary shoring
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Repaired & Retrofitted Building (1996)
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Ground Failure
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Liguefaction
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Points to remember
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TENSION
COMPRESSION

FLEXURAL STRESSES IN A TALL SHEAR WALL
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FLEXIBLE
MOMENT
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EQUIVALENT —p
LATERAL

EARTHQUAKE
FORCE

BRITTLE
SHEATHING
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LONG,
FLEXIBLE

SETBACKS COUPLED SHEAR WALL

—P AREAS OF PARTICULAR CONCERN
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Remarks

 Instrumentation of buildings is valuable for
understanding their response to severe shaking

» Observed response of RC buildings provides
valuable information and lessons

» Ground motions with the same PGA, but different
mechanisms can have very different demands upon
a structure
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