California Earthquakes

Long Beach—1933

San Fernando Valley—1971

Loma Prieta—1989

Northridge—1994

Long Beach—1933

· Statistics

· March 10, 1933 at 5:54 p.m.

· M = 6.3

· Felt from San Diego to Santa Barbara and inland as much as 50 miles

· Felt on a ship which had just left the harbor

· Ship’s officers described the feeling of a shock similar to that resulting from a propeller throwing a blade

· $50 million in property damage

· ~120 deaths

· There is controversy

· Some deaths as late as 1935 are counted

Long Beach—1933

· Occurred on the Inglewood fault, west of the San Andreas fault

· Epicenter 10 miles southeast of Long Beach

· Epicenter near Huntington Beach

· Aftershocks occurred all along the fault

· Assumption is entire segment of Inglewood fault was involved

· Foreshocks

· Aftershocks

Long Beach—1933

· Building damage

· The 85 schools were 75% damaged, many to complete collapse

· Four of 12 fire stations collapsed

· Fire-fighting equipment was saved

· Some firemen were killed

· No general fire

Long Beach—1933

· Why so much damage?

· Very densely built-up area

· Situated on gravel and alluvium of ancient flood plain of the Los Angeles River

· Inadequate building codes

· Consequences

· Ended denial of earthquake risk in Los Angeles area

· Collapse of schools resulted in passage of the Field Act

San Fernando Valley

· 6:02 a.m., February 9, 1971

· M = 6.5

· Shaking lasted 1 minute

· 3 meters of vertical offset

· San Gabriel Mountains moved up 4 feet relative to the valley floor

· 3 to 4 feet of lateral displacement in the same area

San Fernando Valley

· Toppled Freeway overpasses

· Blacked out traffic lights

· Fissures opened in the streets

· Telephone link to Apollo 14 disrupted

· Cal Tech seismologists like a gourmet with lockjaw—their seismograph was knocked out

San Fernando Valley

· Olive View Hospital

· $23.5 million structure destroyed

· It was only partially open

· Masonry wings collapsed

· Sections of the hospital became detached and toppled over

· In all, 4 hospitals were seriously damaged

San Fernando Valley

· Veterans Administration Hospital

· Older structure made of 47 buildings

· Located within 5 kilometers of the rupture

· 26 buildings constructed before 1933 suffered greatest damage

· 4 totally collapsed

· Post-1933 buildings sustained some damage but did not collapse

· Site was abandoned and buildings demolished

Loma Prieta—1989

· Statistics

· October 17, 1989

· 5:04:15 p.m. P.D.T.—Just in time for the beginning of the 3rd game of the World Series

· M = 7.1

· Epicenter was 10 miles NE of Santa Cruz; 
60 miles SE of San Francisco

· Source was 11 miles deep

· A 25-mile-long segment of the San Andreas moved

· Felt over 400,000 mi2—from Los Angeles to the Oregon border

Loma Prieta—1989

· Human effects

· 67 people killed

· 3757 injured

· >12,000 left homeless

· $6 billion in property damage

· Disrupted transportation, utilities, communications

· The Quake

· 6 feet of right-lateral displacement

· 4 feet of vertical displacement

· Little surface faulting

Loma Prieta—1989

· Ground shaking

· Locally amplified

· Unconsolidated deposits failed due to amplification of shaking

· Margins of bays, lakes, lagoons, and rivers failed

· Bay Bridge, I-880, I-280, and Embarcadero Viaduct were damaged due to such amplification

· Landslides

· Most intense in mountains near Santa Cruz

· Closed highways

· Rock falls, soil slides, and rocks slides

Loma Prieta—1989

· Liquefaction

· Most intense in Marina District

· Played a significant role

· Sand boils erupted into basements, streets, yards, and parks

· Lateral spreading cracks

· Severed utilities

· Marina District is hydraulic fill emplaced after 1906 earthquake

· Water mains destroyed, but this time there were alternatives

Loma Prieta—1989

· Damage

· Much damage in east Bay, in areas underlain by sandy fill

· Costly damage to port facilities

· Sand boil on runway at Oakland International Airport

· Many of the same sites liquefied in 1906

· Minimal damage to houses and multistory buildings on firm foundations

· Serious damage restricted to older buildings which were not build to modern codes

Loma Prieta—1989

· Damage details

· No major high rise, bridge or freeway overpasses within 7 miles of epicenter

· Wood-frame single-family homes did well

· Building which failed due to

· Deterioration of structure

· Lack of ties to foundation

· Unreinforced masonry

· Lack of shear resistance of ground floor

· Pounding by adjacent structure

· Timber diaphragms not tied to unreinforced masonry walls

Loma Prieta—1989

· Bridges and viaducts

· I-880 accounted for 41 of the deaths when upper deck collapsed on lower one

· Highway 101, I-280, and The Embarcadero were all severely damaged

Loma Prieta—1989

· History

· Quake was expected

· Region was predicted to have a >30% chance of a 6.5-7.0 quake in the next 30 years

· This is a higher percentage than any San Andreas segment north of the Mojave

· No obvious short-term precursors

· Aftershocks

· 51 with M >3.0 the day after the quake

· 16 the following day

Northridge—1994

· Statistics

· January 17, 1994

· Mw = 6.7

· 4:30 A.M. P.S.T.

· Centered beneath Northridge, CA, about 30 km northwest of Los Angeles

· Focal depth = 19 km

· 10-20 seconds of strong shaking

· No surface faulting

· Produced slight doming of Earth’s surface

Northridge—1994

· Damage

· 57 people were killed

· 9,000 injured

· 20,000 displaced from their homes

· $30 billion in property damage

· Well-engineered buildings performed well

· Poor designs failed

· Freeways collapsed at 7 sites and 170 bridges showed some damage

Northridge—1994

· Tectonic setting

· San Fernando Valley and adjacent mountains are part of the Transverse Ranges physiographic province

· E-W trending mountain ranges

· Adjacent to bend in San Andreas 
system

· Concentrates compression

· Earthquake occurred on Elysian Park thrust

· Blind thrust

· North dipping

· Strike N 70°- 80°W; dip 35°- 40°S

Northridge—1994

· Rupture behavior

· Average slip of 1 meter

· Maximum slip of 4 meters

· Almost pure thrust motion

· Slip over an area of 20 km horizontally and 
14 km along the fault

· All slip was deeper than 7.5 km

· Motion started in southeast and propagated up dip to the northwest

Northridge—1994

· Aftershocks

· M 5.9 about 1 minute after mainshock

· M 5.6 about 11 hours later

· 5,800 with M>1.5 in the first seven weeks

· More aftershocks than San Fernando in 1971

· Less energetic aftershock sequence than Long Beach in 1933

Northridge—1994

· Landslides

· Produced only moderate damage because area prone to landsliding is not highly developed

· Damaged buildings, roads, utilities

· Produced dust clouds which made people ill

Northridge—1994

· Lessons learned

· Structural damage followed typical patterns

· Newer, well-built residences did well

· Hospitals remained functional

· Vulnerable structures that had not been retrofit suffered severe damage

· Base-isolated buildings—buildings supported on pads to isolate them from horizontal ground motion—were tested severely and performed well

· Steel frame buildings exhibited weld failures making them vulnerable to future quakes

· Damage is hidden and expensive to find and correct

· This leads to some suspicions about this design

Northridge—1994

· Damaging earthquakes do not always occur on well-recognized faults

· Earthquake triggered landslides

· Valley Fever

· Caused by inhalation of spores of Coccidioides fungi

· Not previously associated with earthquakes

Landslide Areas

