Earthquakes

OBJECTIVES:

7. Define stress and strain as they apply to rocks.

8. Distinguish among the three types of faults.

9. Contrast three types of seismic waves.

10. Describe how earthquakes are measured.

11. Discuss factors that affect the amount of damage done by an earthquake.
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Earthquakes are natural vibrations of the ground caused by movement along gigantic fractures in Earth’s crust, or sometimes, by volcanic eruptions.  Most earthquakes occur when rocks fracture, or break, deep within Earth.  Fractures form when stress, the forces per unit area acting on a material, exceeds the strength of the rocks involved.  The deformation of materials in response to stress is called strain.  There are three kinds of stress that act on Earth’s rocks:

· Compression

· Decreases the volume of a material

· Tension

· Pulls a material apart

· Shear

· Causes a material to twist

Many kinds of rocks that make up Earth’s crust fail when stress is applied too quickly, or when stress is great.  The resulting fracture or system of fractures, along which movement occurs, is called a fault.  There are three basic types of faults:

· Reverse Fault

· Fractures form from horizontal compression

· One piece of land comes up over the other piece, as the land is squeezed together, shortening the crust
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· Normal Fault

· Fractures caused by horizontal tension as the land pulls apart

· The movement is partially horizontal and partially vertical

· One piece of land is dropped downwards from the other, extending the crust
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· Strike-slip Fault

· Fractures caused by horizontal shear

·  Pieces of land move parallel to one another, in a horizontal motion
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Most earthquakes are caused by movements along faults.  The vibrations of the ground during an earthquake are called seismic waves.  Every earthquake generates three types of seismic waves:

· Primary waves, or P-waves

· Squeeze and pull rock in the same direction along which the waves are traveling

· Pass through Earth’s interior

· Secondary waves, or S-waves

· Cause rocks to move at right angles in relation to the direction of the waves

· Pass through Earth’s interior

· Surface waves

· Move in two directions as the pass through rock

· An up-and-down movement similar to that of an ocean wave occurs as a surface wave travels through a rock

· It also causes rocks to move from side to side as it passes

· Travels on Earth’s surface
Earthquakes are categorized in two ways - magnitude and intensity.  Magnitude indicates the severity of an earthquake using the Richter Scale.  The magnitude of an earthquake is a measure of the energy released at the source of the quake.  Magnitude rates an earthquake as a whole. The severity of an earthquake is a rating based on the amplitude of the seismic waves.  Larger amplitude waves equals higher magnitude earthquake equals greater severity.  Amplitude is the vertical distance between the trough and crest of a waveform.
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Each increase in magnitude of 1 unit means a 10X increase in the amplitude of the seismic wave as recorded on the seismograph.  Each increase in magnitude of 1 unit means a 31X increase in the energy released by the quake.

MAG 3 = releases 31X more energy than a MAG 2

MAG 7 = releases 31 X 31 X 31 X 31 (almost 1,000,000 X) more energy than does a MAG 3

MAG 5 = same energy as first atomic bomb tested in 1945.

MAG 7 = a major quake

MAG 7.7 = a great quake

MAG 8.6 = the greatest quake known

Effects of Earthquakes

A. Fire

1. The damage caused by fires initiated by earthquakes has been estimated to make up 95% of the total loss of some quakes.

2. Can be a greater hazard than the vibration

a. Gas lines disrupted causes ignition

b. Water lines disrupted make it difficult to fight fires

B. Structural damage

1. In-ground structures are not severely affected

2.  Well-constructed steel frame buildings hold up very well to the most severe quakes.

3. Concrete frame or concrete reinforced structures do not hold up well

4. Wooden frame buildings usually don't do too badly

5. Depends in large part on type of ground buildings are on

                 BAD                   
      GOOD
     
          Water-soaked sand            Solid rock

               Gravel

                Clay

6. The longer the shaking goes on the greater the damage that occurs.

a. Even steel will be damaged if the shaking continues long enough

1) Alaskan quake (1964)-Shaking continued for 3 minutes.

a) MAGNITUDE = 8.6

2) Most buildings would probably have withstood 1min.  

3) In this case many severely damaged buildings had been built to earthquake code specifications based on California earthquakes which had never lasted as long as 3 minutes.

7. Horizontal movements are more damaging than vertical

C. Tsunami

1. Seismic sea waves - mistakenly called "tidal waves" - they have nothing to do with tides.

a. Submarine earthquakes sometimes cause abrupt elevations and subsequent collapses of the sea floor. Such energy pulses can initiate very energetic waves in the overlying water.

b. Landslides and eruptions can cause them also.

2. Can devastate oceanic islands and coastlines

a.  Can travel 800 km/hr., may be only a few meters high in the deep ocean but can be 20 m high when they crash onto the coast.

3. Now there is a Seismic sea wave warning system established by the U. S. Coast and Geodetic Survey for Hawaii.  An alarm sounds whenever there's an unusually large quake that could send a tsunami to Hawaii.

4.  Only an extremely small fraction of all submarine or coastal quakes are large enough to cause tsunami.

D. Landslides

1. Quake vibration often initiates them

E. Land movements

1. Vertical and horizontal offsets

F. Liquefaction

1. Process in which certain types of soil lose their rigidity and liquefy, that is they behave just like a liquid and flow.

a. Causes foundation failure and sliding

b. Material can't support structures

