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Principles and ConsequencesPrinciples and Consequences



EarthquakesEarthquakes
Occur AlongOccur Along

Active Fault ZonesActive Fault Zones



Earthquake TopicsEarthquake Topics
What are theWhat are the
Effects ofEffects of
Earthquakes?Earthquakes?
Can we PredictCan we Predict
Earthquakes?Earthquakes?
How can weHow can we
Prepare for anPrepare for an
Earthquake?Earthquake?

What areWhat are
Earthquakes?Earthquakes?
Where and HowWhere and How
do Earthquakedo Earthquake
Form?Form?
How areHow are
EarthquakesEarthquakes
Measured?Measured?



Major Earthquakes and FaultMajor Earthquakes and Fault ZZones ofones of
the Worldthe World



Major Earthquakes and FaultMajor Earthquakes and Fault ZZones ofones of
Southern CaliforniaSouthern California



Major Earthquakes and FaultMajor Earthquakes and Fault ZZones ofones of
Southern CaliforniaSouthern California



Most Recent Earthquakes in CaliforniaMost Recent Earthquakes in California



Earthquake Probability in USAEarthquake Probability in USA

?



Anatomy of an EarthquakeAnatomy of an Earthquake
1) Fault rupture

2) Fault scarp

3) Focus

4) Epicenter

5) Seismic Waves



What Causes an Earthquake?What Causes an Earthquake?
Reid's Elastic Rebound TheoryReid's Elastic Rebound Theory

Four StagesFour Stages

1) Pre-load Period
 No Stress

 No Deformation

2) Bending Period
 Slow Stress Loading

 Elastic Deformation

3) Rupture Period
 Instant Stress Release

 Brittle Deformation/Offset

4) Rebound Period
 Removal of Bending

 Stress Relieved



Types of Seismic WavesTypes of Seismic Waves

1) P-waves

2) S-waves

Body WavesBody Waves

1) Love-waves

2) Raleigh-waves

Surface WavesSurface Waves



Two Types of Body WavesTwo Types of Body Waves

P-waves are twice
as fast as S-
waves

1)1) PP--waveswaves
 Compressional

 Fast

2) SS--waveswaves
 Shear

 Slow



Two Types of Surface WavesTwo Types of Surface Waves

Surface waves are
very destructive to
building, dams, and
bridges

1)1) LoveLove--waveswaves
 Side-to-side

Shear Motion

2) RaleighRaleigh--waveswaves
 Orbital Rolling

Motion



Recording Seismic ActivityRecording Seismic Activity

A Simplistic Seismometer



Recording Seismic ActivityRecording Seismic Activity

A Real Seismometer



Fundamentals of a SeismogramFundamentals of a Seismogram

1) P-wave Arrival time

2) S-wave Arrival time

3) S-P Interval

4) Amplitude



Reading aReading a
SeismogramSeismogram
1) P-wave Arrival time

2) S-wave Arrival time

3) S-P Interval

4) Amplitude



Determining Distance to EpicenterDetermining Distance to Epicenter

1) Measure S-P Interval for
each station

2) Convert S-P Interval time into
ground distance from epicenter
using conversion chart



Determining Earthquake EpicenterDetermining Earthquake Epicenter
1) Need at least three

seismograph stations

2) Find distance from station to
epicenter for each station

3) Plot distance circles for each
station

4) Epicenter located where all
three circles intersect



Determining Earthquake MagnitudeDetermining Earthquake Magnitude
1) Measure amplitude of largest S-wave

2) Plot line from distance to amplitude

3) Magnitude is read from center scale



Earthquake Epicenter andEarthquake Epicenter and
Magnitude Internet ExerciseMagnitude Internet Exercise

Virtual Earthquake
Internet Exercises

Virtual Courseware for Earth
and Environmental Sciences is
supported in part by grants
from the U.S. National Science
Foundation and the California
State University System. All
opinions expressed herein are
those of the authors and not
necessarily those of the NSF or
the CSU. Copyright © 2002-7
Virtual Courseware for Earth
and Environmental Sciences



Ground ShakingGround Shaking



Banda Aceh, Indonesia VideoBanda Aceh, Indonesia Video

Earthquake and Tsunami Footage



Ground Rupturing Effects and HazardsGround Rupturing Effects and Hazards



Surface Displacement Along Active FaultsSurface Displacement Along Active Faults



Surface Displacement Along Active FaultsSurface Displacement Along Active Faults



Houses Collapse Due to Ground ShakingHouses Collapse Due to Ground Shaking

Poorly-constructed homes are easily damaged in big quakes



Building Collapse Due to Ground ShakingBuilding Collapse Due to Ground Shaking

Weak foundation supports are easily damaged in big quakes



Bridge Collapse Due to Ground ShakingBridge Collapse Due to Ground Shaking

Poorly-constructed bridges are easily damaged in big quakes



LiquifactionLiquifaction!!

Sand volcanoesExhumed pipes

Sinking Building
Roadway Failure



LiquifactionLiquifaction!!



Earth Shaking:Earth Shaking: Ground EffectsGround Effects

Different types of building material and
structural designs give different failure
results for a given level of shaking.

Different types of ground materials behave differently to seismic
waves:  the softer the ground material, the greater the shaking.

Solid rock is favorable over sediment
Dry sediment favorable over saturated



Substrate Type VersusSubstrate Type Versus
Shaking IntensityShaking Intensity



Using Aerial Photos to Interpret Fault MovementUsing Aerial Photos to Interpret Fault Movement

Surface Displacement
Along San Andreas Fault



Earthquakes on the NetEarthquakes on the Net
Earthquake Research Exercises

Part I.  Active Faults and Recent Earthquakes in California and
Nevada

http://quake.wr.usgs.gov/recenteqs/latest.htm

Part II.  Create and Analyze Your Own Earthquake –
Virtual Earthquake Computer Program

http://www.sciencecourseware.com/eec/Earthquake/

Part III. Earthquake Preparedness Information


