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GEOLOGY 120 - Laboratory Exercise

Earthquake - Resistant Building Design

The objectives of this lab exercise are to:

· design structures that might withstand ground vibration with minimal damage, considering the motion of different seismic waves

· realize that there are different types of vibrations that might occur

· be creative in designing structures to minimize the effects of shear-wave vibrations
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Scientists have studied the effects of earthquakes on structures, such as buildings, bridges, and roads.  Based on these observations, architects and engineers have designed features that enhance a structure’s ability to withstand the effects of earthquakes.  

In teams of two or three, you will build structures designed to minimize the effects of different types of shaking.  Some of the information that you will need for beginning your design will come from the videos that you view in class.  You should also go to the library or the web and research design features that engineers consider important when designing earthquake resistant structures.
The Contest:
For the competition, we will test models on the shaking-table for different sized earthquakes. We will start with a very small earthquake. Then we will gradually increase the size of the earthquakes to the maximum the shaking-table can produce.

After a few small earthquakes, models will be tested for a special earthquake that we are calling the DESIGN EARTHQUAKE. The three lightest models that stand up to The Design Earthquake with no damage will win the prizes for the best-designed models. 

After the Design Earthquake, we will keep increasing the size of the earthquakes up to the MAXIMUM POSSIBLE EARTHQUAKE the shaking-table can produce.

For every model, we will make a note of the size of the earthquake that caused it to fail and use that to calculate a contest score.
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Rules:

Your model only needs to include the main structural frame of a building. You do not need to add the walls on the outside of the building or stairs within. 

Your model can be any shape you like, but it must follow these rules.

1.  It must have at least 4 horizontal. A flat roof will be treated as a floor.  The ground floor is one of the four floors.

2.
Not counting the ground floor, the total area of all of the other floors must be at least 750 sq cm. The maximum area allowed for each floor is 320 sq cm. The floor area includes the space taken by the columns. 

3.
The distance between the top of any floor and the bottom of the floor above must be at least 15 cm.  The fixings required for the steel blocks in the Rules for Vertical Load (see below) do not count as part of the floors.  [image: image3.wmf]Remember! You MUST include supports for the steel blocks on your model. It is a good idea to have the supports be at least half the dimension of the blocks and strong enough to keep the blocks from moving during vibration.

4.
You must leave 12 mm clear around the edges of the MDF baseboard, so that we can fix your model to the shaking-table with clamps: 

5. 
In a real building, you would need windows in every story. So for each story of your model, at least half of the outside surface must be left completely clear of any materials between the top of one floor and bottom of the floor above. 

6. 
In a real building, [image: image4.png]i



people need access to all rooms on each floor. Allow for this in your model by making sure that access is not blocked by partitions, crosspieces, or other parts of the structure. So, leave enough space for at least one doorway (10 cm high and 4 cm) wide into any rooms that you create. 

7.
Other than creating holes in the base for your upright beams, you cannot modify the base in any way.

8.
If your model has been designed to slide or move around on the BALSA base, its movement must be limited so that the bottom of the model moves within a 22.5 cm square.

Your model should be strong enough to carry a vertical load. 

1.
Every floor of your model must be able to carry 10 grams for each square centimeter of its area. 

[image: image5..pict]2.
Your model must be able to carry the required load on all floors at the same time. 

3.
You should test your model to make sure it can carry the total load, before you enter the competition. 

For the competition on the shaking-table the models will be loaded in the following way: 

1.
We will add the vertical load to models using steel blocks. 

2 
If the ground floor of your model is directly on the BALSA base board, we will not put any mass on the ground floor, because it does not affect the model when it is being shaken.

3.
Each steel block will be 6.0 x 4.5 x 3.0 cm with a mass of 635 grams.

4.
The number of blocks placed on each floor will be the lowest number needed to cover the minimum required mass for that floor. 

5.
You must provide fixings on your model to show where the blocks will go. To calculate the number of blocks that will be place on each floor:

· determine the area of each floor (length x width (in cms).

· multiply the area by 10 and add 300.

· divide the number calculated in 2) by 640 and round to the nearest whole number…this is the number of blocks that will be placed on the floor.

Worksheet (do this for each floor). This must be summarized on the page you submit with your model.

1) Floor Area (side1 x side 2):
___________________

2) 1) x 10 = 
___________________

3) add 300 = 
___________________

4) divide by 640 =
___________________

5) round 4) to the nearest whole number
___________________

Deliverables:

A.  The week before the shaking test, you will be required to test your building to make sure that it is strong enough to support the load required for each floor.

B. Shaking Test Day 

1. we will weigh your building a subtract the weight of the base (in the event of a tie the lightest building wins)
2. your building will be checked to insure that it meets the criteria listed above
3. you will be judged on your design and creativity
4. your structure will be tested to insure that it can survive the design earthquake
5. you can then choose to see how large an event your building can survive.

C. Paper - in a two page paper, you need to submit a paper discussing:

1. your design

2. why you built the structure the way you did - how were you attempting to minimize damage?

3. Include at least three references

The evaluation sheet attached lists point values for each portion of the assignment.  Because of the time involved, this lab is worth twice the other labs.

· Some Suggestions:

[image: image6..pict]Construction suggestions:

· Your model will be stronger if you construct it carefully.

· Make sure that the pieces of BALSA fit tightly when you glue them together. 

· Make sure that paper and BALSA are glued securely together.

· [image: image7..pict]Make sure that the ends of string are secured tightly. 

· Where possible use one strip of BALSA for a series of columns. Avoid cutting your columns off at each floor level. That will create weak points in your model. 

· Make sure that string used for bracing or guy ropes is pulled tightly between its ends so that it is in tension. If bracing or guy ropes in a model are slack, they will not help resist the sideways earthquake forces straight away.  Instead, other parts of your model will have to take the force until the string become tight. You may not have designed those parts to resist the sideways force. Guy wires can only be used for internal bracing, not from the structure to the ground.

· Make sure that the underside of the MDF base board will sit flat on a horizontal surface. 

· Try to make your model symmetric. 

· Plan for the steel blocks, used for the vertical load, to be placed symmetrically on your model. If your model has more mass on one side than on the other, it will twist and turn when shaken by the earthquakes.

Strengthening your Model

You can strengthen your model by using bracing between columns and beams.  

[image: image8..pict]1. It is best to make your model symmetrical with the bracing arranged symmetrically too. Bracing will stiffen your model. If one side of the model is stiffer than the other it will twist and turn when shaken by the earthquakes.

2. Make sure you brace your model so that it can resist the sideways force from an earthquake in any direction.

3. When you use bracing to strengthen your model, try to continue it down through every story. 

Building Materials:
each group gets:
· 15 60cm long balsa strips  (4mm x 6 mm)

· 1 square mdf board 25cm on a side to be used for the base

· 3 sheets of colored paper.

available for extra cost:

· extra beams

· extra paper

· 50cm lengths of string.

building tools available:

· exacto knife

· mitre box and saw

· glue gun

· dremel tool and drill

design graph paper is at the back of the lab book

test blocks (for loading your model) 

· can be made by copying page 5 of this lab and cutting and pasting the blocks together.

Your original building materials have a value of 
$1,000,000.

Each additional beam (available from us) will cost you:
$100,000.

Each additional piece of paper (available from us) will cost you:
$50,000.

Each 50cm length of string (available from us) will cost you:
$50,000.

Some starting places:

Ambrose, J and D. Vergun, 1999, Design for Earthquakes; John Wiley & Sons, New York.

Bertero, V.V., Earthquake Engineering, http://www.eerc.berkeley.edu/bertero/index.html
Greg, Norman B, 1976, Earthquake Resistant Building Design and Construction, New York.

Housner, G.W. and P.C. Jennings, 1982, Earthquake Design Criteria; Earthquake Engineering Research Institute, Oakland, CA.

Sedman, Robert,  Designing for Earthquakes, http://www.cen.bris.ac.uk/civil/students/eqteach97/des3.htm
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Earthquake Building Design Worksheet

(must be turned in with your building)

Group Names:  
_____________________________
_____________________________


_____________________________

Floor Calculations:

Second Floor

1) Floor Area (side1 x side 2):
___________________

2) 1) x 10 = 
___________________

3) add 300 = 
___________________

4) divide by 640 =
___________________

5) round 4) to the nearest whole number
___________________ number of blocks

Third Floor

1) Floor Area (side1 x side 2):
___________________

2) 1) x 10 = 
___________________

3) add 300 = 
___________________

4) divide by 640 =
___________________

5) round 4) to the nearest whole number
___________________ number of blocks

Fourth Floor

1) Floor Area (side1 x side 2):
___________________

2) 1) x 10 = 
___________________

3) add 300 = 
___________________

4) divide by 640 =
___________________

5) round 4) to the nearest whole number
___________________ number of blocks

Other Floors (show calculations on the back)

Extra Building Materials Used:

List the extra materials that you purchased:

penalty points

1) beams (number)
_________________ x 5  ____________________

2) string (length in cm/50) 
_________________ x 5  ____________________

3) paper (number of sheets) 
_________________ x 5 ____________________

Weight of Your Building (gms) (we will do this on contest day)
____________________

Total Penalty Points 
____________________
Maximum Earthquake Your Building Withstood
 frequency:  ____________________



amplitude:  ____________________



Earthquake Value: ____________________

Contest Calculation = Earthquake Value / (Building Weight + 200 + Penalty Points)

____________________ / (_________________+_200_+__________) = 
____________________

each group gets:
8 120cm long balsa strips  (4mm x 6 mm)

1 square mdf board 25cm on a side to be used for the base

3 sheets of colored paper.

need available:

1 hot glue gun

string

tape

sheets of paper

dremel drill

Velcro

Need to:

1) put packets together

2) weigh each base (write it on the bottom of the base)
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