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Time: 3 days (6 hours each)
Class Size: 30 students, paired into 10 groups of 3 for activities

Lesson Overview & Objectives:
	Lesson
	Objective
	Time

	1
	Compression & Tension
	· Students will understand what compression is.
· Students will explore the strongest combination of variables to produce the paper tube that can perform best under compression.
· Students will understand what tension is.
· Students will explore the strongest combination of variables to produce the scotch tape connection that can perform best under tension.
	Day 1 

	2
	Bending
	· Students will understand what bending is.
· Students will explore the strongest combination of variables to produce a paper beam that can perform best under bending.
	Day 2 AM

	3
	Trusses
	
	Day 2 PM

	4
	Bridge Construction & Testing
	
	Day 3



[bookmark: _3zthtyxexrmm]Materials Needed:
	Material
	Quantity

	Paper (8.5x11)	Comment by Vicki Nechodomu: +sehamel@alaska.edu  how much of each paper?
Paper (8.5x8.5)
	10
10

	Colored Paper for Tension (4.25“x 11”)	Comment by Vicki Nechodomu: +sehamel@alaska.edu  how much of each paper?
	10

	Example bridge
	1

	Tension/Compression Data Collection Sheets
	8

	Rulers
	8

	Tension/Compression jig
	1

	Clipboards
	8

	Rolls Scotch Tape 
	8

	Empty Cans for Crushing
	8

	Sticks for initiating crushing
	8

	Backpack with books in it
	1?

	Tug-o-war rope
	1

	2x6 Beam (center marked) with support blocks
	1

	Materials for one set of foamboard beam (scored or cut) and masking tape
	8

	Blocks for foam beam testing and clamps for table
	8

	Beam hangers, sand buckets and sand for loading beams
	8

	Scale for measuring sand
	1
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[bookmark: _83sjrnrcmnhk]Lesson 1: Compression and Tension

	Time Needed:
	 Two 3-hour sessions

	Objectives:
	· Students will understand what compression is.
· Students will explore the strongest combination of variables to produce the paper tube that can perform best under compression.
· Students will understand what tension is.
· Students will explore the strongest combination of variables to produce the scotch tape connection that can perform best under tension.

	Setup:
	Precut and bundle papers (color code for short, tall and tension).  For each tube desired, write a simple instruction on a card that can be given to the groups.  Fold and tape loops of the 4.25” x 11” paper  



Warm up Activity: (30 minutes)
Have terms “Force”, “Tension” and “Compression” on the board.  Have students give examples or definitions of each one.  Write simple explanations (force = push or pull, tension= stretching or pulling, and compression = pushing or squishing).  Use cut up sponges and rubber bands to give them examples of each.

To introduce the terms Compression and Tension, have students grab their own hands and pull apart, yelling “Tension”.  Then have them push their own hands together, shouting “Compression”.

Pair students with partner about the same size and have them go outside to a grassy area (they will fall sometimes).

1. Have students touch toes together while standing, then link hands and lean back. (Toes compression, hands/arms tension)
2. Have students put their hands on their partner’s shoulders, then slowly walk backward to form an arch (compression on shoulders).

3. Link arms with partner while sitting back to back.  Stand up without letting go of arms (compression on each other’s backs).

4. Compression - Crush cans with student’s weight.  Initiate buckling by tapping walls with stick. (this can also be done on day 2 to remind students of the prior lesson).

5. Tension - Have each student hang from a bar.  Time how long they can hang.
6. Explain that the feeling they feel in their arms is tension, and its ultimately the connection (ie their hands) that fails at the end of the time.  Then have them put on a backpack with some weight in it (books).  Can they hang longer or shorter?  How much weight can their arms handle if their hands don’t fail?

7. Have students explore the playground and play on at least 3 different things.  They must find at least one example of tension and compression on the playground. (~15 minutes)

8. Other Tension: Tug-o-war

9. Return inside (bathroom/water break).  Have students wash hands.  Ask them to put the red vine under compression and tension.  Which way is it stronger?  Does it break?  Let them eat the red vine.

Compression Exploration:
Group students into 3’s or 4’s.

Assign each group a set of 2 tubes to build. 

After build time, test each of the 8 tubes using the provided Compression Tester. Students log the amount of weight each tube could handle, as well as other observations.  Test as a whole group, with a different child being the tester each time.  Collect the data on the board.

Compression Analysis/Discussion: (after lunch)
Have the students take a moment to review the data the collected to look for patterns. Then, ask:
· Compare the tubes that were long and the tubes that were short. Do you see patterns in the amount of weight they could hold? Typically, which tubes held most weight? 
· What patterns to you notice about how tightly or loosely rolled the tubes were?
· Which tubes performed better, the ones with more or less paper?
· What are some reasons you might not be able to alway use lots of paper, tightly wound up? (IE: weight and cost restrictions) 
· According to our experiment, which type of tube is the strongest under compression?

Tension Exploration:
 Give students scraps of purple paper and have them put it under compression (doesn’t work), then explain we are going to test paper under tension.  RULE:  You may NOT twist the paper. (tug on the ends, and see how hard it is to break).

Explain that paper itself has a very high tension strength and that in general, it won’t break.  This is also true of wood and steel.  Instead, what generally fails is the connections at either end of a tension member.  This is why cables are often used for tension, because they can be made into a loop, which is more efficient connection.   Show mythbusters video clip:

https://www.youtube.com/watch?v=AX_lCOjLCTo

Explain that we are going to see the best way to connect 2 pieces of paper.  Demonstrate with 2 of the green strips taped together in the tension tester
 Rules:
1. You may NOT cut the loop.
2. Your test strip must be about 11 inches long
3. You can only use 4 inches of tape.
4. You must agree on a plan BEFORE you get your materials.

Once a group has a plan, give them their green loops, 4 inches of tape (they can choose the type), a ruler, and any other materials they request (scissors, glue, staples, etc).

After build time, have each group come up, explain their design, and test.  Collect data on the board.  If times allows, show the follow up video:

https://www.youtube.com/watch?v=QMW_uYWwHWQ

Tension Analysis/Discussion:
Have the students take a moment to review the data the collected to look for patterns. Then, ask:
· Compare the connections with more or less tape.  Do you see patterns in the amount of force they could hold? Typically, which connections held most force? 
· Which connections performed better, the ones with more or less tape?
· Does the workmanship/quality of the connection matter for the strength?

According to our experiment, which type of connection is the strongest under tension?


[bookmark: _jf6tgon9r6oz]Lesson 3: Bending

	Time Needed:
	

	Objectives:
	· Students will understand what bending is.
· Students will explore the strongest combination of variables to produce a foamboard beam that can perform best under bending.

	Setup:
	Precut strips of foam board to be 2” x 20” (14), 1” x 20” (2), and 2” x 10” (2), 1” x 10” (2).  Tape the 1” x 20” pieces together to make a sample beam. Set up 4 sets of tables with a gap in between.  In a different area (demo), set up a sample testing apparatus with the 1” x 20” beam ready to test.  Print off Structure Destruction Bending Stations paper.



Warm up Activity:
 
Bring 2x6 beam with blocks outside and set up in a flat place.  Set the beam flatwise on top of blocks.  Have one student stand in the center of the beam.  Measure the distance between the center and the ground.  Then add another student and have them each stand about 1/3 of the way from the ends and re-measure.  Now have them stand about 2 feet from the ends and measure.  WARNING: do not let 2 larger students stand in the center of the board - it will start to crack.
 
Now turn the beam edgewise and place in the support grooves.  Repeat the placement of students and measurements.  Now add more students and measure.
 
Discuss their observations.  Lead them to the conclusion that edgewise beams are stiffer (less deflection) than flatwise beams.  In general, they are also stronger (will hold more weight). 	
 
Bending Exploration:
 
Remind students how engineers test how strong something is (they break it).  Show them the testing beam.  Demonstrate adding gravel until it breaks, then setting the bucket on the load tester to get the weight. 

Divide students into 4 groups.  Give each group a different set of instructions for the bending test, the matching beams, a roll of scotch tape, and testing supplies.  Have them test their beams until they break, then record their information.  After testing, share out with the class.

Bending Analysis/Discussion:
Have the students take a moment to review the data the collected to look for patterns. Then, ask:
· Compare the short beams.  Do you see patterns in the amount of force they could hold? Typically, which short beams held the most weight? 
· Compare the long beams.  Do you see patterns in the amount of force they could hold? Were they the same patterns as the short beamst? 
· Which has the greatest effect on strength?  Length, depths, or thickness?

According to our experiment, which type of beam is the strongest under bending?
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	Time Needed:
	

	Objectives:
	· 

	Setup:
	



Warm up Activity: 
Lines on pool noodles


Truss Exploration:
Beam with holes demonstration

Collapsible triangle and square activity

Truss is a beam with special triangle holes - 

Slide-show on bridge types

Slide show with truss types, include modelsmart images with blue and green tension and compression.  Pratt, Howe, Warren and A-Frame Truss

Final Activity:
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[bookmark: _v4orbkfi40hb]Lesson 5: Bridge Construction & Testing

	Time Needed:
	

	Objectives:
	· 

	Setup:
	



Warm up Activity: 
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