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Build a Bridge Activity

Objectives: 

-Show that equilateral triangles are the most stable triangle to use in a simple truss bridge

-Show that graphing bridge height vs. capacity will yield a parabolic graph

Hook:  Watch the video of the Minnesota beam bridge that collapsed due to failure in the beams.  

http://www.youtube.com/watch?v=osocGiofdvc&feature=related
We have been asked to help rebuild this bridge as a simple truss bridge, but first we need to find the optimum height to base ratio for the triangles.  

Each group will create a simple truss bridge.  The bridge will be composed of triangles with base length of two inches and variable heights (1”, 1.5”, 2”, 2.5”, 3”, and 3.5”).  Students may initially think that the tallest bridge will hold the most weight, but should derive that bridge height vs. capacity will follow a parabolic curve, with the optimum height around 1.7”, where the triangle becomes an equilateral triangle.  

You may want to start by creating a bridge out of square prisms so that you can show students that it is not a very strong structure.  

Use a spring to demonstrate compression and tension and explain to students that the bridges must balance these forces of they will break.  [image: image1.wmf]
Divide students into 6 different kinds of groups (you may want to have two of each groups so that your results are more accurate).  

**You may want to show the class how to assemble one triangular prism**

Have each group print and cut out their bridge, using hot glue guns to seal the structure together.  Hook a mesh shopping bag over the two central nodes of each bridge (one at a time), and add weights to the bridge, making sure to keep track of how much weight (don’t forget units) each bridge can hold.
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The results should be parabolic.  It is likely that students will have predicted a linear graph, so either the teacher or students should run a quadratic regression on a graphing calculator to verify the results.  

Materials:

- Model Maker/Craft Robo

- Glue Guns & Glue

- Weights/scale to measure weights

- Mesh shopping bag

- (At least one) Graphing Calculator

-Paper

-Pencils

-Spring
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To run a Quadratic Regression on a calculator:

1) Make your lists:

a. Press the STAT button

b. Highlight 1: Edit… and press ENTER

c. Under L1 enter the different heights tested (1, 1.5, etc)

d. Under L2 enter the different weight results (averaged between two groups)

e. Press 2nd , then MODE to quit out of lists

2) Set up your graph:

a. Press 2nd, then Y=

b. Highlight 1: Plot1 and press ENTER

c. Change type to ON

d. Press down arrow to get to the Xlist

e. Change Xlist to L1 via 2nd, then 1 button

f. Press down arrow to Ylist

g. Change Ylist to L2 via 2nd, then 2 button

h. Press 2nd, then MODE to quit out of stat plot

3) Change graph view window size

a. Press WINDOW button

b. Change Xmin to -1

c. Change Xmax to 4

d. Change Ymin to -5 to -10

e. Change Xmax to 5 to 10 above your largest weight value

f. Press 2nd, then MODE

4) Check your graph

a. Press GRAPH button

b. Press 2nd, then MODE

5) To test Quadratic Regression

a. Press STAT

b. Use right arrow to CALC

c. Press 5 to test QuardReg

d. QuardReg screen should appear

e. Press 2nd, then 1 button for L1

f. Press comma button

g. Press 2nd, then 2 button for L2

h. Press comma button

i. Press VARS button

j. Hit right arrow to get to Y-VARS

k. Highlight 1:Function and press ENTER

l. Highlight 1: Y1 and press ENTER

m. You should now have QuadReg L1, L2, Y1

n. Press ENTER

i. The screen should show the coefficients and constants for the binomial equation that best fits the data (this may take a couple of seconds).

ii. The R2 value will tell you the percent that this regression fits the data.

o. Press GRAPH to show to graph

p. Press Y= to show your equation
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You have been hired by the Minneapolis Construction Company to design a better bridge.  

First, test the square bridge with sides of two inches.   How much weight does it hold?  Is this a lot or a little for the size and design of the bridge?  

Now each group will test a simple truss bridge, which is made up of triangles.  Which truss bridge do you think will hold the most weight?  Which bridge will hold the least weight?

Most:

Least:

Each group will build their own bridge.  Each bridge should be 8 inches long and made up of seven triangles.  

Assign one role to each member of the group:

Printer- Prints out each page of the bridge and feeds it into the craft robo

Separator- Separates the cut page from the carrier sheet and breaks bridge parts out of sheet

Constructor- constructs bridge pieces and glues whole bridge together

On Task Keeper/Constructor- Keeps group focused and helps construct bridge. 

Bridge Assembly:

Directions: Construct each individual triangle, then assemble your bridge, making sure that you seal the points of intersection with glue

Some tips:

1) First, attach the inside of the prism to one triangular side, then attach the other triangular side to the inside

2) You may need to trim down the tabs on the inside and the outside

3) It is easier to wrap the tabs of the outer side around the triangular sides instead of inside.  
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· Compression is a force that acts to compress or shorten the thing it is acting on.

· Tension is a force that acts to expand or lengthen the thing it is acting on.
Now we will test our bridges!!!

The Amount of Weight Each Bridge Holds

	Base Length
	Height
	Amount of Weight Held 
	Other notes

	2”
	1”
	
	

	2”
	1.5”
	
	

	2”
	2”
	
	

	2”
	2.5”
	
	

	2”
	3”
	
	

	2”
	3.5”
	
	


Graph Your Results:

Directions: Graph your results with the bridge height on the X-axis and the amount of weight each bridge held on the Y-axis.  

**Hint: Space your units carefully on your graph.

Draw a line of best fit through the points on your graph.  What is the name for this kind of curve?

Questions:

1) Does your graph increase or decrease?  Did you expect this?  

2) Where did most of the bridges break?  What forces were at work there?  

3) Which bridges height held the most weight?  

4) How long were the sides of the triangles for the bridges that held the most weight (Hint: use the Pythagorean theorem)?  

5) Is there a bridge height that should hold the most weight (Hint: use the Pythagorean theorem)?  

6) Do all of the data points fit the curve you drew?  If they do not, why might this be (i.e. list some sources of error)?

Extension Questions/Activities:

1) Using a graphing calculator, follow the steps to test a quadratic regression.  How well does it fit your data points?

2) How much weight do you think a bridge with a height of zero inches would hold?  Does this make sense?

3) Suppose we wanted a flatter curve to our parabola.  What would this mean for bridges with very small and very large heights.  How might we accomplish this?

4) Suppose we wanted to shift the entire graph up or down.  What does this mean for each bridge?  How might we accomplish this?

Answer Key

Build A Better Bridge Activity- Student Pages


You have been hired by the Minneapolis Construction Company to design a better bridge.  

First, test the square bridge with sides of two inches.   How much weight does it hold?  Is this a lot or a little for the size and design of the bridge?  

Variable number of pounds- discuss the factors that played a roll in bridge success and failure (aka, how much glue was used, if you added glue to the nodes).  The bridge may hold some weight, but ultimately the square structure will compromise it’s success.  
Now each group will test a simple truss bridge, which is made up of triangles.  Which truss bridge do you think will hold the most weight?  Which bridge will hold the least weight?

Most:

Students will probably say the one with the largest height 
Least:

Students will probably say the bridge with the smallest height

Each group will build their own bridge.  Each bridge should be 8 inches long and made up of seven triangles.  

Assign one role to each member of the group:

Printer- Prints out each page of the bridge and feeds it into the craft robo

Separator- Separates the cut page from the carrier sheet and breaks bridge parts out of sheet

Constructor- constructs bridge pieces and glues whole bridge together

On Task Keeper/Constructor- Keeps group focused and helps construct bridge. 

Bridge Assembly:

Directions: Construct each individual triangle and then assemble your bridge, making sure that you seal the points of intersection with glue.

Some tips:

1) First, attach the inside of the prism to one triangular side, then attach the other triangular side to the inside.

2) You may need to trim down the tabs on the inside and the outside

3) It is easier to wrap the tabs of the outer side around the triangular sides instead of inside.  

4) Think about where your bridge will experience tension and compression.  You may want to add glue to the weaker spots in your bridge
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· Compression is a force that acts to compress or shorten the thing it is acting on.

· Tension is a force that acts to expand or lengthen the thing it is acting on.
Now we will test our bridges!!!

The Amount of Weight Each Bridge Holds

	Base Length
	Height
	Amount of Weight Held 
	Other notes

	2”
	1”
	
	

	2”
	1.5”
	
	

	2”
	2”
	
	

	2”
	2.5”
	
	

	2”
	3”
	
	

	2”
	3.5”
	
	


Graph Your Results:

Directions: Graph your results with the bridge height on the X-axis and the amount of weight each bridge held on the Y-axis.  

**Hint: Space your units carefully on your graph.

Draw a line of best fit through the points on your graph.  What is the name for this kind of curve?

-Parabola

Questions:

1) Does your graph increase or decrease?  Did you expect this?  

Both- it should increase to a maximum between heights of 1.5” and 2”

2) Where did most of the bridges break? 

The smallest height (1”) and the largest height (3.5”)

3) Which bridges height held the most weight?  

2” and 1.5”

4) How long were the sides of the triangles for the bridge that held the most weight (hint: use the Pythagorean theorem)?  

Height: 2” Base length total: 2” (so use 1”)

22+12= 52 so side length is approximately 2.2”

Height: 1.5” Base length total: 2” (so use 1”)

1.52+12= 3.252 so side length is approximately 1.8”


5) Is there a bridge height that should hold the most weight (Hint: use the Pythagorean theorem)?  What is this triangle called?

An equilateral triangle

Side length: 2” Base length total 2” (so use 1”)

x2+12= 22 so height is approximately 1.7
6) Do all of the data points fit the curve you drew?  If they do not, why might this be (i.e. list some sources of error)?

-Different ways bridges were glued, amount of glue used, different paper strengths, etc.

Answer Key Extension Questions/Activities:

5) Using a graphing calculator, follow the steps to test a quadratic regression.  How well does it fit your data points?

Your R2 value tells you how well your data matched the regression, so R2 = .7971 would mean that 79.7% of your data matched the regression

6) How much weight do you think a bridge with a height of zero inches would hold?  Does this make sense? (Use either your graph or the graphing calculator graph)

Ideally, the graph should show that at zero, the bridge would hold zero weight because it has no height.  Depending on your graph, it may show that it would hold some weight or negative weight, which is not possible.  To generate more accurate results, you may even want to add 0, 0 to your lists.  

7) Suppose we wanted a flatter curve to our parabola.  What would this mean for bridges with very small and very large heights.  How might we accomplish this?

This would mean that the bridges with smaller and larger heights would need to support more weight, while bridges with heights around 1.7” would hold the same amount of weight.  

One could accomplish this by shortening the distance the bridge needs to span, adding more glue to the bridges that have these heights, etc.

8) Suppose we wanted to shift the entire graph up or down.  What does this mean for each bridge?  How might we accomplish this?

This means that each bridge holds more or less weight.  

We can accomplish this by using more or less glue for each bridge, stronger or weaker materials for each bridge, 







