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Earthquake Resistant Structures 
Standards: 3.1.7.B, 3.5.7.A, 4.4.7.B

           Anchors: S8.D.1.1.2, S8.A.3.2.2


Introduction/Background:
This lab illustrates what types of foundations are best suitable for withstanding an earthquake. 


Earthquakes occur because of a sudden release of stored energy. This energy has built up over long periods of time as a result of tectonic forces within the earth. Most earthquakes take place along faults in the upper 25 miles of the earth's surface when one side rapidly moves relative to the other side of the fault. This sudden motion causes shock waves (seismic waves) to radiate from their point of origin called the focus and travel through the earth. It is these seismic waves that can produce ground motion which people call an earthquake. Each year there are thousands of earthquakes that can be felt by people and over one million that are strong enough to be recorded by instruments. Strong seismic waves can cause great local damage and they can travel large distances. But even weaker seismic waves can travel far and can be detected by sensitive scientific instruments called seismographs. 

Vocabulary: 

Earthquake – the result of a sudden release of energy in the Earth's crust that creates seismic waves.
Seismic wave - waves that travel through the Earth or other elastic body
Epicenter – refers to the point at ground level directly above the hypocenter, the point where the earthquake originates 
Hypocenter/Focus – refers to the site of the earthquake, the position where the energy stored in the strain in the rock is released
Materials:
· Earthquake boards 

· Lincoln logs

· Sand (in pan)

· Masking tape
Procedure: 
Experiment One – Built on Soft Soil

1. Remove 4 wing nuts and straps from earthquake board.

2. Fill the 11” x 13” cake pan with sand.

3. Attach the filled cake pan to the earthquake board with masking tape by taping the sides of the pan to the earthquake board.

4. Build a Lincoln Log structure (suggestion – 4 ¾ x 4 ¾ Tower with no doors or windows, 12 logs high and using 2 one half starter logs as the foundation. 

5. Place the structure in the middle of the cake pan.  Run a masking tape across the cake pan parallel to the structure approximately ½ inch from the building.  Repeat the process in the other direction.

6. Strike the earthquake board with your fist vertically for approximately 15 seconds.  Observe the results.  

(NOTE: For all experiments the earthquake board must remain oriented the same and the same force applied for the same amount of time.  You should strike it approximately 15 times.  The soft sand should move and the structure should lean to one side.  The foundation of the building is sinking and the structure would be declared uninhabitable.  (NOTE: The sand and the building moved away from the epicenter – the energy is moving away from the epicenter.  The chimney is usually the first structure to be damaged, because it is heavy, further from the ground, and cement is not a good adhesive.)

Experiment Two – Built on Bedrock

1. Remove the cake pan and reassemble the Lincoln log structure.

2. Place the structure in the middle of the earthquake board.  Mark the location by outlining a half inch perimeter with masking tape.

3. Strike the earthquake board vertically with your fist for approximately 15 seconds.  Observe the results.

· The foundation should have moved and again the structure would be declared uninhabitable.

Experiment Three – Built on Bedrock and attach to the Bedrock

1. Repeat the procedure in experiment #2, but this time attach the foundation (starter logs) to the bedrock (earthquake board) with masking tape.  

· The foundation should not move but the building should sustain some damage.  The building is damaged but repairable.

Experiment Four – Built on Base Isolation Plate

1.  Attach the base isolation plate to the earthquake board by attaching one metal strap and securing it to the earthquake board using two ¼ “  x 1 ½” carriage bolts and wing nuts.  Attach the foundation (starter logs) to the base isolation plate by taping them onto the base isolation plate.  Strike the table as in experiment #2 and observe the results.  The building should withstand considerable shaking with no appreciable damage.  Note the movement in the earthquake board that is energy not transferred to the building.

Optional – Have students build their own Lincoln log structure and test as above.
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