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Tohoku earthquake���
MW 9���

Friday, 11 March 2011	
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How big is the earthquake 
problem?���

– 21st Century Issues	
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pre-1600	
 towns > 1 million	
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1950	
 supercities > 2 million  	

megacities > 8 million	




3	


7	


15	


2050 urban population > 5 billion	


140 supercities > 2 million  	

28 megacities > 8 million	
2000	
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> 300,000 dead	


Earthquakes with > 10,000 fatalities:���
 Last 1,000 years	


> 10,000 dead	


convergent & transform	

plate boundaries	


> 100,000 dead	

> 300,000 dead	
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World population	


Today 
7 billion	


Shaanxi, China���
830,000 dead	


T’ang Shan, 
China, 
240,000	

dead	


Indian	

Ocean���
230,000	

dead	


Haiti ���
315,000	

dead	


Japan���
20,000	

dead	
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1906 San Francisco	
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1906 San Francisco	
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H.F. Reid’s theory	
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H.F. Reid’s theory	
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H.F. Reid’s theory	
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Sumatra 2004 Earthquake	
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Global seismicity 1977-1992	
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Urban seismic “hot spots”	


Tokyo	


San Francisco	


18	


Main Effects of Earthquakes	
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Environmental Effects	


1.  Ground shaking	

2.  Liquefaction	

3.  Landslides	

4.  Ground rupturing	

5.  Aftershocks	

6.  Flooding	

7.  Ground deformation	

8.  Tsunamis	
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1. Ground Shaking	


Soil types in 
San Francisco 

bay area	
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1. Ground Shaking	


Cypress Structure, Loma Prieta, 1989	
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2. Liquefaction	
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2. Liquefaction	
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3. Landslides	


1959 
Hebgen 
Lake, 

Montana	
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4. Ground rupturing	


1987 New Zealand, M 6.6	
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5. Aftershocks	
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6. Flooding	


Puerto Montt, 
Chile, 1960	
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7. Ground Deformation	


1959 Hebgen 
Lake, Montana	
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8. Tsunamis	
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8. Tsunamis	


What caused the 
tsunami?	


Slip in the subduction 
zone.	
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8. Tsunamis	
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8. Tsunamis	
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NY Times"

8. Tsunamis	

You cannot run away	
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Damage to Humans	


1.  Damage to critical structures 	

2.  Buildings collapsing	

3.  Flying objects	

4.  Fire	

5.  Destruction of communications	

6.  Destruction of industry	

7.  Destruction in tsunamis	
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1. Damage to critical structures	

Near-failure of a dam, 1971 California	
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1. Damage to critical structures	

Fukushima Daiichi nuclear disaster	
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2. Buildings collapsing	
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3. Flying objects	
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4. Fire	

Kobe, Japan, 1995, M=6.9	
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5. Destruction of 
communications	
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6. Destruction of industry	


Kobe container 
port, 1995	
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7. Destruction in tsunamis	
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Who can contribute to hazard 
mitigation?	


1.  Seismologists	

2.  Engineers	

3. Government	

4.  Citizens	


44	


Assessing risk	
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Tsunami warning systems	
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Building design���

Trans American 
pyramid, San 

Francisco	
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Diagonal bracing	
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Bridge retrofitting	
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The Alaska pipeline triumph���
Denali earthquake, 2002	



