
Chapter 2 
Earthquakes



Earthquakes destroy buildings, buildings kill people

Figure 2.2



Earthquakes related to plate tectonics

Primary earthquake belts or zones



Fault activity

Active – moved during past 10,000 years

Potentially Active – moved during
the past 2 million years

Inactive – has NOT moved during
the past 2 million years



Earthquake magnitude and frequency



A logarithmic or exponential increase
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A logarithmic or exponential increase
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Earthquake magnitude

The Richter Scale – no longer used

Moment Magnitude – currently used

estimate of the area that ruptured
along a fault plane during the quake

Related measure:
total energy released

by the earthquake



Earthquake magnitude



Intensity:  Modified Mercalli scale

III  Felt indoors   May not recognize as an earthquake

VII  Moderate damage to ordinary structures

IX  Masonry and frame structures destroyed, train rails bent

XII  Damage total



Modified Mercalli Intensity Map

Sylmar
California
1971

M 6.7



Instrumental intensity

Northridge
California
1994

M 6.7



Seismic waves produced by an earthquake

Body waves – spherical waves through the 
body of the Earth



Seismic waves produced by an earthquake

Surface waves – responsible for most damage

Love wave

Rayleigh wave



Figure 2.12c



ANIMATIONS OF 
PRIMARY & SECONDARY SEISMIC WAVES



ANIMATIONS OF SURFACE & BODY SEISMIC WAVES



Seismograph – measures ground motion

Motion in the three primary directions:  X   Y   Z



PMC 16.7a
Measures horizontal 

ground motion
Seismogram



Fig. 4-5, pg. 77

PTH 4.5

Inertial seismograph with a seismogram.



ANIMATION OF A SEISMOGRAPH



Seismogram:  record of an earthquake



A seismogram is the recording of the earthquake 
ground motions made by a seismograph.

PMC 16.7b



Modern seismograph



California seismic network



Triangulating an earthquake epicenter

*******
NEED three

seismic stations
at a minimum

*******



Instrumental intensity

Northridge
California
1994

M 6.7



Instrumental intensity

Nisqually
Washington

2001
M 6.8

W
hat’s different?



Factors that affect land-surface shaking

(1)  Earthquake magnitude

(2)  Distance from epicenter

(3)  Depth of focus

(4)  Direction of rupture

(5)  Bedrock and soil conditions



Depth of focus & direction of rupture



Material amplification



Figure 2.17
Fill & mud

Alluvium

Bedrock

Loma Prieta
California
1989

M 6.9



Figure 2.18a



Collapse of Nimitz Freeway in Oakland



Collapse of the Cypress St. Viaduct during the 
1989 Loma Prieta Earthquake (M 6.9).

Collapse of Nimitz Freeway in Oakland



Marina District, San Francisco



Mexico City 1985   M 8.0



Collapse of a hospital



The 
Earthquake
Cycle

Elastic rebound hypothesis



Figure 2.21 (top)



Figure 2.21 (middle top)



Figure 2.21 (middle bottom)



Figure 2.21 (bottom)



ANIMATION OF ELASTIC REBOUND ALONG A FAULT



PMC 16.13

Epicenters of earthquakes 

over M 4 in the US since 1977



Earthquake Hazard Map



The North American Plate



New Madrid Fault Zone



Case Study 4.2 Fig 2, pg. 104

PTH 4.2.2

Aftershocks from the 1994 
Northridge, CA earthquake

Hundreds of
AFTERSHOCKS can occur 

during the weeks and 
months after the Principal 

Shock. 

Some aftershocks will be 
nearly as strong as the 

Principal Shock.

AFTERSHOCKS = small to large, common 
earthquakes in an earthquake swarm that 

follow after the Principal Shock. 

Caused by additional slippage along the 
fault producing the Principal Shock or along 

other faults destabilized by the Principal 
Shock.



Secondary effects – sediment liquifaction



Secondary effects – fires  (… cause?)



Secondary effects – landslides 



Secondary effects – building construction



Retrofitting 
buildings



Figure 2.28a



RE_EQ-11

Groundwater along 
a fault exerts an 

extensional stress 
on the rock walls 

and thereby 
reduces the 

frictional resistance 
that keeps the fault 

locked.



Figure 2.28b



Figure 2.B (left)



Figure 2.B (right)



Figure 2.29



Figure 2.31
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