
89.325 – Geology for Engineers 
Earthquakes 



Elastic Rebound Theory 



Earthquakes occur when strain exceeds the 
strength of the rock and the rock fractures. 

The arrival of 
earthquakes waves is 
recorded by a 
seismograph. The 
amplitude of the P-
wave displacement is 
used to determine the 
Richter magnitude. 



Earthquake Waves 
• Body waves – move through the solid earth 
 P-waves - longitudinal 
 S-waves - transverse 
• Surface waves - transverse 



Recording Earthquakes 

Locating earthquake epicenter 



Determination of Richter Magnitude for an Earthquake 

 

 

 

 

 

 

 

 

M = log(X/T) + Y 

1M ~ 10X 

Energy ~ X2 

1M ~ 100x energy 

However, energy 
increase when 
summed over the 
whole range of 
waves in a wave 
record is only 30x. 
Confusion time! 

Earthquake magnitude – amount of energy released 







Earthquake intensity – damage caused by earthquake 
• Subsurface material 
• Type of construction 
• May not be directly related to earthquake magnitude 



Orientation of present-day US principal stresses 



Seismic-risk map for the contiguous United States 

Boston is in the same seismic-risk zone as San Francisco 



Peak Ground 
Acceleration (PGA) in 
m/s2 



Earthquake Hazards 
• Primary – ground motion and surface rupture 
• Secondary – fires, landslides, liquefaction, tsunamis 



Primary effects - most earthquake damage is caused by differential movement of 
the land surface due to the passage of the transverse surface waves. 



Liquefaction Tsunami Landslide 

Fire Mud volcano 

Secondary Effects 



Loma Prieta Earthquake 





Predicting Earthquakes 
1) Recurrence intervals – can only be applied to relatively 

frequent earthquakes 

2) Seismic quiet zones – an inactive area along a fault trace 
represents a region in which strain is accumulating – a 
potential locus for failure 

3) Changes in water level in wells – as rocks begin to fail voids 
develop (dilatancy) and groundwater moves into the voids 

4) Increase in frequency of small earthquakes – precursor 
earthquakes 

5) Strain measurements – monitor accumulation of strain 

6) Folklore 



Recurrence Interval 

Dilatancy model 

Parkfield, CA 
Earthquake occurred in 2004 



Accept reality – there is no such thing as an earthquake proof 
building. Earthquakes will occur, structures will fail, and there will be 
loss of human life. It is doubtful that earthquake prediction will ever 
have the immediacy to make evacuation a viable option. 

Engineering Solutions 
Design structure to be earthquake resistant 
1) Anchor structure to bedrock 
2) Strengthen against lateral movement 
3) Secure façade to building frame 
4) Decouple building mass from foundation 





Building 101 





Earthquakes and the Earth’s Interior 



Seismic Discontinuities 



Planet Earth – the megascopic scale 
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