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Magnitude versus Fault Length
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Earthquake magnitude is controlled by 

fault length (or area) that ruptures 

Magnitude versus 
fault length 

(determined from 
aftershock zone 

length) for various 
earthquakes 
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Magnitude versus fault length 

Northridge, 1994 
Loma Prieta, 1989 



Rule of Thumb 
On average a magnitude X+1 earthquake has: 

10 times greater peak amplitude of shaking than a 
magnitude X earthquake 
3.2 longer length of fault and duration of slip 
32 times greater energy and moment release 

For example, this is how an M4 quake  
   differs from an M3 quake 



Earthquake Hazards – Building Collapse 

Collapsed buildings: Dec. 7, 1988, Armenia, M6.9, ~25,000 people died 



Collapsed buildings: January 17, 1995, Kobe, Japan, M6.9, depth ~5 km  



Sichuan, 2008 
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Kobe, 1995 
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Earthquake Hazards 
Fires 

Displacements cause power and gas lines to break and ignite 
Hard to put out because water lines are often broken 

 

Kobe, 1995 

Northridge, 1994 

Loma Prieta, 1989 



Effects of Earthquakes 
Liquefaction 

A near-surface layer of water-saturated sand 
changes rapidly from a solid to a liquid 



Effects of Earthquakes 
Liquefaction 

A near-surface layer of water-saturated sand 
changes rapidly from a solid to a liquid 
Causes buildings to “float” in earth 



Liquifaction in        
SF Marina District 
Loma Prieta quake 



Example	  of	  severe	  liquefac2on	  
(image	  from	  Tonkin	  &	  Taylor)	   Christchurch,	  NZ,	  2011	  



Earthquake Hazards 
Tsunamis – effect wide areas 

Indian Ocean, 2004 
Tohoku, 2011 



Segments of the Sumatra-Andaman Region 

In December, 2004, 
multiple segments 
broke sequentially  



Tsunami Generation 

Figure from Geology.com 



Propagation of 
the earthquake 
over 10 minutes 



Cumulative 
radiated energy of 
2004 Sumatra 
quake over  
10 minutes 



Earthquake 
Triggering 

Clearly, the 2004 
Sumatra quake 
triggered a quake on 
the adjacent 
segment in 2005 

And there have been 
several more recent 
quakes farther south 



	  
Magnitude 8.9 NEAR THE EAST COAST OF HONSHU, JAPAN 
Friday,  March 11, 2011 at 05:46:23 UTC  

Japan was struck by a magnitude 8.9 earthquake off its 
northeastern coast Friday.  This is one of the largest 
earthquakes that Japan has ever experienced. 
 
.   USGS 

Part of houses 
swallowed by 

tsunami burn in 
Sendai, Miyagi 

Prefecture (state) 
after Japan was 

struck by a strong 
earthquake off its 

northeastern coast 
Friday, March 11, 

2011. 
 

 New York Times 

In downtown Tokyo, large buildings shook violently and there is 
severe flooding due to a tsunami generated by the earthquake. 



Tsunami waves swept away 
houses and cars in northern 
Japan and pushed ships 
aground.  
 
The tsunami waves traveled 
far inland, the wave of debris 
racing across the farmland, 
carrying boats and houses 
with it.  

Houses were washed 
away by tsunami in 
Sendai, Miyagi 
Prefecture in eastern 
Japan, after Japan was 
struck by a magnitude 
8.9 earthquake off the 
northeastern coast.  
 
New York Times 

	  
Magnitude 8.9 NEAR THE EAST COAST OF HONSHU, JAPAN 
Friday,  March 11, 2011 at 05:46:23 UTC  

The tsunami, seen crashing into  
homes in Natori, Miyagi prefecture. AP 



Tohoku quake 
March, 2011 





















Disaster–Tsunami–	

Tsunami attacked near the coast line near the Sendai Airport	



h=p://www.youtube.com/watch?v=5-‐
zfCBCq-‐8I&feature=relmfu	  

Tsunami	  Video	  



230 miles 





Urayasu	  Village:	  1946	  
	

浦安市の資料より	

35!



Uraysu	  City:	  1967	



Uraysu	  City:	  1973	



Urayasu	  City	  :	  1976	



Maihama Town, Urayasu:  March 12th	



Sand Volcanoes, Urayasu	



Sand Volcanoes, Urayasu	







平 朝彦原図	



A	  Model	  of	  Liquefac2on	  and	  House	  Damage	  	


