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Materials needed per team (2-4 students):

Pencils and 8.5”x11” paper (or larger)
Centimeter ruler

Template (Two 5cm square leg zones, 15cm apart)
Dixie cups (for distributing glue in small portions)
Wood glue

Wax paper

Four medium binder clips

250 round toothpicks

Small zippered bag (for securing toothpicks)
Materials needed per competition/ceremony:

Matchbox car and boat (optional)

Bucket, weights (40 D-cell batteries work well), and string to hold the bucket.

Scale (optional)

Time:
Student work: Three days of 90 minutes to two hours OR five days of one hour each

Contest: Plan about ten minutes per bridge to be broken. The contest must not be held until all bridges have dried overnight.
Ages:
I have completed this project with students from 3rd – 6th grade and know that similar projects are done in some classes at Virginia Tech. See the Extensions section below for ideas to further the project. 

Basic Rules:

1. No materials may be used as part of the bridge except the toothpicks and wood glue provided.

2. Toothpicks may not be broken. Imperfect toothpicks may be traded in for new ones.
3. The bridge may not touch the ground at any point outside the “Leg” squares.

4. The matchbox car must fit inside the bridge (it does not actually need to drive across), and the boat must be able to slide underneath the center.  OR The bridge legs must be at least 3cm wide, and the bottom of the bridge arch must stand at least 5cm off the ground.

5. The bridge must be free standing or it will be broken on its side.
6. All bridges will be broken by being set across two tables 15cm apart and having a string tied around the middle that is connected to a bucket which will be filled slowly with weights. The bridge that is able to hold the most weight before breaking wins the contest. 
Extension ideas:
1. Bring in a civil engineer to speak to the students about bridge building.

2. Study bridge design and look at pictures of famous bridges.

3. Make first bridges, hold contest, study bridge design, do a second bridge contest.

4. Economics lesson: Give each team a $250,000 budget. Charge teams $1,000 per toothpick, $5,000 per ½” of glue, and $10,000 for your consultation. (I don’t recommend charging for wax paper.)
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See also:

http://www.matsuo-bridge.co.jp/english/bridges/index.shtm

http://42explore.com/bridge.htm


http://www.pbs.org/wgbh/nova/bridge/

http://www.exploratorium.edu/science_explorer/card_bridge.html

http://www.sciencebuddies.org/science-fair-projects/project_ideas/home_CE.shtml

Steps:

1. Each team must complete a blueprint of the bridge side drawn to scale using the exact toothpick length (use 40-80 picks per side). Care should be taken to ensure that the bridge will stand only within the “Leg” squares on the template. Consider that triangles are strong shapes and that the weight should be dispersed from the middle of your plan evenly to the legs.
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2. The blueprint must be teacher-approved. (Teachers should carefully measure the blueprint to ensure that it complies with the rules above.)
3. The team must lay toothpicks on top of the blueprint before glue and wax paper are issued. (This is important practice.) Students must then show the teacher for approval. Remove the toothpicks.
4. Lay wax paper on top of the blueprint. Tape it down. Glue toothpicks on the wax paper over the blueprint. Care should be taken to ensure that all toothpicks touch.
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5. Repeat step four to create your second side. 
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6. Allow both sides to dry overnight.
7. Over wax paper, stand the sides up using binder clips. Ensure that all legs touch the ground. Ensure that the legs stand 3-5cm apart (4.5cm is recommended). 
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8.  Glue your remaining toothpicks to hold the two sides together (use 90-170 picks).

9. Allow the bridge to dry overnight. Your bridge is now ready to be broken!
