Sample Activity #1: Paperclip and Toothpick Comparison 

Estimated Time: 20 minutes

Materials (per student):
· 3-4 small paperclips

· 3-4 jumbo paperclips

· 3-4 toothpicks

Objectives:
· To observe the difference in material properties of two construction materials: metal and wood 

· To observe the affect of area of material when under stress
· To understand how testing and statistics is used in structural engineering
Instructions:

· Distribute materials as stated above to each student.

· Have the students bend the outside leg of the paperclips back and forth until it breaks off, counting how many times it takes before breaking. The students should record the result of each test sample.

· Have the students repeat with the toothpicks, bending in the middle.

· Have the students calculate the average number of times it took to break the paperclips and the toothpick.

· Have students share their averages.

· Lead discussion about what they learn.

Example questions to ask the students:

· What did you notice about how the paperclips broke verses how the toothpicks broke? The toothpick broke faster; the paperclip took longer to break. The toothpick snapped, while the paperclip bent very easily without breaking.
· What does that tell you about the difference of these materials? Metals like steel are more ductile than wood. Ductility is the physical property of being able to take large deformations without breaking. The opposite of ductile is brittle. Brittle materials are not able to take large deformations without fracture. 
· What did you notice about how the small paperclips broke verses how the jumbo paperclips broke?  The failure of both sizes of paperclips was ductile because they are made form the same material. But the jumbo paperclips took longer to break because the jumbo paperclips have more material, or more area, to break.  

· From this, what can we say affects how something breaks? What the material is and how much of it there is affects how something breaks.

· How would engineers use the results of tests like this one? Engineers test the materials to determine the properties, like how ductile a material is. Once they know the result of the tests, they reduce the result by a ‘safety factor’. That way, engineers can be sure that the material won’t break before they thought it would. This helps to make their structures safer.
Relation to the slideshow:

· Emphasize the Earthquake load (cyclic loading like the loading in this game) in the “Common Design Loads” slide. Perhaps ask the students which load is most like the loading that they impose during the game.

· Highlight that different materials have different strengths (like paperclips and toothpicks) on the “Materials” slide. Possibly allow for a discussion of which structure in the photos would be strongest under loadings like the ones done in the game. For example, if we were pushing the steel building back and forth, how would its strength compare to pushing the wood building back and forth? Relate this back to the paperclip and toothpick testing

· Highlight the experimental element shown in the “Structural Engineering Tools” slide

