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Science In Motion

Juniata College


Will Your London Bridge Fall Down? 
Standards: 
S11.A.1.1.5, S11.A.3.2.1, S11A.3.2.3, S11A.3.3.3, S11.C.3.1.2, S11.C.3.1.1  Models and graphs can be used to determine the presence or absence of unbalanced forces. 
S8C.3.1.1  Unbalanced forces acting on an object cause changes in its velocity.
Introduction and background: 
There are more than half a million bridges in the United States, and you rely on them every day to cross obstacles like streams, valleys, and railroad tracks. But do you know how they work?  Engineers must consider many things -- like the distance to be spanned and the types of materials available -- before determining the size, shape, and overall look of a bridge.  In this lab we are going to do the same thing.

Guiding questions: 
1. What makes a good/strong bridge?
2. Why do bridges have different structures?
Vocabulary: 
Abutment – rock or concrete at either end of the arch bridge that keeps the ends of the arch securely in place
Anchorage – Foundations/concrete blocks into which cables of a suspension bridge are secured


Dead load – weight of the bridge’s structure

Force – push or pull, force is applied to the bridge in the form of a load
Live load – weight of traffic using the bridge
Stress – force that tends to distort the shape of the structure
Tension – force that tends to lengthen or stretch part of the structure
Torsion – strain produced when a material is twisted
Triangulation – a building concept, using triangles, made from squares, to enhance the strength of a structure
Types of Bridges:

Arch

Bascule

Beam

Cable-Stayed

Cantilever

Suspension

Truss




Materials:  
Part A:

Straws (75 per group)

Paperclips (25 per group)

Pennies (~$5 to test the strength of the bridge)

Plastic cup (to hold the weight)

Part B:

K’NEX Bridge kits (1 per group)

Instruction to Structure: Bridges booklet

Bucket (to hold the weight)

Sand (~8 pounds to test the bridge)
Scales (Laboratory size & bathroom scale size for the sand)
Safety:
Wear safety goggles when testing the strength of your bridge.

Procedure: 
Part A

1. Design a bridge that will maximize bridge efficiency (hold the most amount of weight or be light weight).  Sketch it below.
2. The requirements for the bridges are as follows:

a. Only use the supplies provided

b. Bridges must be able to cross a 40 cm gap (between desks)

c. Bridges cannot be longer than 50 cm

d. Bridges must be able to hold a plastic cup to test the weight.

e. You are responsible for placing the pennies into the cup during testing.

f. Once you start testing, there cannot be ‘fixes’ made to the bridge.

3. Build your bridge!

4. Mass your bridge (Dead Load) before you start testing.

5. Test it.  Place your bridge over the gap in the desks.  Place the cup in the center and begin to add pennies one at a time until your bridge fails (falls through the gap).
6. Mass the load (Live Load) that your bridge supported (include the penny that made it fall).
Part B

1. Obtain a K’NEX Bridge kit from your teacher.

2. Select a bridge to build out of Instructions to Structures: Bridges book by K’NEX Education (or find the bridge assigned to you by your teacher).

3. The requirements for the bridges are as follows:

a. Only use the supplies provided

b. Bridges must be able to cross a 40 cm gap (between desks)

c. Bridges cannot be longer than 50 cm

d. You are responsible for placing the pennies into the cup during testing.

e. Once you start testing, there cannot be ‘fixes’ made to the bridge.

4. Construct your bridge as directed in the booklet.
5. Mass your bridge (Dead Load) before you start testing.
6. Test it.  Place your bridge over the gap in the desks.  Hang a bucket from the center of the bridge and slowly add sand until your bridge fails (falls through the gap).  Be careful not to add extra weight to the bucket after it fails!
7. Mass the load (Live Load) that your bridge supported.

Data table: 
(See attached)
Calculations:
To calculate the bridge efficiency:  (Live Load) / (Dead Load)

Questions:
1. If you were going to build another bridge, how would you change your design?

2. What materials would have made the straw bridge easier?

3. What was the weak point in the K’NEX bridge?

4. Why are triangles stronger then squares when bridge building?
References: 
PBS (accessed July 12, 2010). <http://www.pbs.org/wgbh/buildingbig/bridge/index.html>
K’NEX Education.  Introduction to Structures: Bridges.  K’NEX Industries, Inc.  2003.
Bridge Data
Part A:

Sketch your straw bridge below:

	Dead Load
	

	Live Load
	

	Bridge Efficiency (Live/Dead Load)
	


Part B:

Type of bridge built with K’NEX:

Sketch:
	Dead Load
	

	Live Load
	

	Bridge Efficiency (Live/Dead Load)
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