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Project SHINE / SPIRIT2.0 Lesson: 

“S-Strength”
==========================Lesson Header ==========================

Lesson Title: S-Strength

Draft Date: July 9, 2010

1st Author (Writer): Tracy Rumbaugh 

Associated Business: Behlen Mfg. Co.
Instructional Component Used: Science of Structures

Grade Level: 6-8 Middle

Content (what is taught): 

· The shape of a structure affects how strong it is

· Changing the shape of a structure can change the way it resists forces

· Folding a piece of paper in an accordion pleat/fan shape will increase its strength

Context (how it is taught):

· Teacher will demonstrate the strength of the S-Span building design using a piece of paper.
· Paper building activity – Students will build accordion pleat/fan shape paper wall structures and test the load capacity of varying numbers of folds in the wall.

Activity Description:

In this lesson, students will investigate the strength of the S-Span frameless metal building design developed by Behlen Mfg. in the 1950’s.  The teacher will demonstrate the design by folding a piece of paper in an accordion pleat/fan shape and showing students that it can hold up a textbook.  Students will try the paper folding activity themselves, testing the load capacity of varying numbers of folds.  Students will use on-line resources to study the science of structures and compare the S-Span frameless metal building design with the I-Beam metal building design.  

Standards:

Science: A1, A2, B1, E1

Technology: A3, D2

Engineering: A2, B2

Math: C1, E1
Materials List: 

(per group of two students)

· Cardstock

· Computer with Internet access
· Textbook or notebook

· Pennies or washers for load

Asking Questions: (S-Strength)
Summary: Students determine how to make a flat piece of paper strong enough to support a load.  

Outline: 

· Demonstrate how to fold a flat piece of paper in an accordion pleat/fan shape wall that will support a textbook.

Activity: The teacher will hold up a single piece of printer paper.  Ask students “How can you make a weak material like paper strong enough to support a load?”  The teacher will hold the piece of printer paper by one of its short sides and the students should observe the paper droops, unable to support even its own small weight.  Teacher will demonstrate that if you bend the paper slightly upward and give it a curvature, it will support a pencil.  
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Next the teacher will hold up a single piece of cardstock.  Although the cardstock seems flexible and weak, it can be folded, rolled, twisted or otherwise altered to support quite a bit of weight.  The teacher will demonstrate by folding the cardstock in an accordion pleat/fan shape.  Finally, set the paper up to create a wall structure and place a textbook on top.  

As students become interested throughout the demonstration, ask these questions:

	Questions
	Answers

	What can they do to the paper to make it stronger?
	Fold the paper, roll the paper, twist or crumple the paper.  

	How much weight do you think the folded paper will hold?  How could you test this?
	Add additional textbooks or place smaller increments of weight on the textbook.

	Is this the strongest we can make this piece of paper?  How could you test this?
	Change the number of folds in the paper, change the thickness of the paper, change the height of the paper, add support materials such as columns or paper clips, etc.

	What other factors affect the ability of a structure to resist a load?
	Forces acting on the structure, material it is made of, where it is built, weather, etc.
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Exploring Concepts: (S-Strength)
Summary:  Students will investigate the relationship between number of folds in the S-Span wall structure and maximum load it will hold before failure.  

Outline: 

· Students will work in pairs to create a 4-fold accordion pleat/fan shape wall structure.

· Students will place a textbook on top of the structure and add small increments of weight (using pennies or washers) to test the maximum load it will hold before failure occurs.  

· Students will record the maximum weight held on a class chart for comparison. 

· Students will use on-line resources to study the science of structures.

Activity:  In this lesson, students will investigate the amount of weight the 4-fold accordion pleat/fan shape wall structure will hold before failure occurs.  Students will work in pairs to build the wall structures for testing.  Students will place a textbook on top of their wall structure and add small increments of weight to the top of the structure until failure occurs.  Students will record the mass that their structure held before failure occurred.  The class will discuss the similarities and differences in their results.  Students will use on-line resources for direct instruction on the science of structures.  
Students need to become familiar with tension and compression.  Tension and compression are the key forces in explaining how structures stay up and why they fall down.  All structures are under tension and compression when forces act on them.  For information about these topics see the URLs under resources or the attached file (E017-SHINE-Strength_Structures-E-definitions.doc).

Resources:

PBS Building Big Structures Labs (direct instruction on forces, loads, materials, and shapes)

http://www.pbs.org/wgbh/buildingbig/lab/forces.html
http://www.pbs.org/wgbh/buildingbig/lab/loads.html
http://www.pbs.org/wgbh/buildingbig/lab/materials.html
http://www.pbs.org/wgbh/buildingbig/lab/shapes.html
Attachments:

Definitions: E017-SHINE-Strength_Structures-E-definitions.doc
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Instructing Concepts: (S-Strength)
Engineering Design Process:  The engineering design process has many forms.  Some conceptual models have as many as ten steps others as few as five.  The process is as individual as the engineer who is using it.  It is cyclical meaning that you can start at any step in the process and it is dynamic meaning that it is always changing and adapting.  For this instructional module we have chosen a simplified five-step approach to the engineering design process.  The five steps are: 1) Ask, 2) Imagine, 3) Design, 4) Create, and 5) Improve.

Ask:  In this step you ask what is the problem that needs addressed and do a lot of research to see what other ideas are out there and what other solutions have been attempted.  This research is critical because it means you won’t duplicate something that others have tried and were unsuccessful.  It allows you to frame the problem and limit (constrain) it so that you have a better understanding of what is required.

Imagine:  Here you brainstorm ideas that might possibly be a solution to the problem you explored in the Ask step.  Don’t be afraid to think big and out of the box.  Sometimes if the answer to a problem is obvious or simple it would have been solved already.  Get creative!  After brainstorming possible ideas and solutions, you should analyze each possibility for potential merit.  Finally select the best alternative for further exploration.

Design:  This step involves the creation of a plan to carry out the idea that you selected in the Imagine step.  You can make a diagram, create lists of things that you will need, and gather together the necessary skills that you will need to carry out your plan.

Create:  This is the fun step.  You get to actually build/create the idea that you selected and planned out.  This is the hands-on step where you see the intellectual idea actually come to life.  It is important to follow your plan that you created.  Be sure to note what went well and what didn’t work for future use in refining the idea. Finally test your product and see if it does what it is supposed to do.  Does it solve the problem?  It is possible that you will have to go back to any of the previous steps after you test your creation.  If it doesn’t work, do you need a better plan, a better idea, or do you need to rethink your initial problem?

Improve:  Here is the refinement stage.  You have something that works but you want it to be the best it can be.  You want the most speed, efficiency, the best appearance, etc.  Here you think about and talk about what works, what doesn’t work and what could be improved on.  After this discussion occurs, modify your design to see if you can improve it.  Finally test out to see if you actually improved your solution or not.  Remember at this stage it is possible that you might have to go back to any of the other stages.

The powerful thing about this process is that it is fluid and creates a nice organizational flow for the process to follow.  At the end of each step always ask if you accomplished what you set out to do.  If you did not repeat that step or go back further in the process to try to arrive at a better solution.  Remember you can start at any step but once the process is begun you need to go from one step to another in order for the process to be effective.

Organizing Learning: (S-Strength)
Summary:  Students will investigate the relationship between number of folds in the S-Span wall structure and maximum load it will hold before failure.  

Outline: 

· Students will work in pairs to create accordion pleat/fan shape paper walls of varying folds.  

· Students will test each wall to determine the maximum load it will hold before failure.

· Students will record data and graph results using on-line graphing tool.

Activity:  In this lesson, students will investigate the relationship between number of folds in the S-Span wall structure and maximum load it will hold before failure.  Students will work in pairs to build a minimum of four accordion pleat/fan shape wall structures, each with a different number of folds.  Students will test each wall structure individually by placing a textbook on top of the wall and adding small increments of weight (pennies/washers) to the top of the structure until failure occurs.  Students will record the mass that each structure held when failure occurred. Students will graph results to determine a relationship between number of folds and load capacity.  

Student Data Sheet: 

	Number of Folds 
	Mass of Load When Failure Occurs

(Number of Pennies/Washers)

	2 folds 
	

	4 folds
	

	6folds 
	

	8 folds
	


Graph results of Number of Folds (x-axis) vs. Load Capacity (y-axis)


Resources: 

On-line Graphing Tools: Create a Graph Classic and Create a Graph

Create a Graph Classic:  http://nces.ed.gov/nceskids/graphing/classic/

Create a Graph:  http://nces.ed.gov/nceskids/createagraph/
Understanding Learning: (S-Strength)
Summary:  Students will write essay questions about forces that could cause a building to collapse relating them to engineering design.  
Outline: 

· Formative assessment of engineering design 

· Summative assessment of engineering design

Activity:  Students will use online resources to compare the S-Span frameless and I-Beam metal building designs.  What type of buildings use the S-Span design and why? Students will make observations of buildings in their community and write essays about forces that could cause a building to collapse.

Formative Assessment

As students are engaged in the lesson ask these or similar questions:

1) Does strength increase or decrease with more folds?

2) Are there an optimum number of folds?

3) In what other ways could you add strength to the pleated wall structures?  How could you test this?

Summative Assessment

Students can answer the following writing prompt:
1) Relate how the engineering design process can be used to find the best design for S-Span buildings.

2) Inventory buildings in your area.  Are there any S-Span frameless metal building structures in your area?  Using the engineering design process explain why these types of buildings use the S-Span design.  Possible examples could be churches, schools, warehouses, sports complexes and arenas. 
3) In 1979, Kemper Arena in Kansas City, MO was hit with severe thunderstorms.  Because of poor drainage systems, the roof filled with water. This caused the building to cave in?  What are some of the forces that could cause a building or structure to collapse like this?  How could the engineering design process have been used to avoid this situation?
Resources:
Historical resources on S-Span frameless metal building design:

http://www.livinghistoryfarm.org/farminginthe50s/machines_16.html
http://www.time.com/time/magazine/article/0,9171,810612,00.html
Current resources on S-Span frameless metal building design:

http://www.behlenbuildingsystems.com/sspantypes.htm
http://www.dongardnerconstruction.com/metal_buildings.asp
http://www.judeschmidtcustomconst.com/S-Span.htm
Kemper Arena Article:

http://en.wikipedia.org/wiki/Kemper_Arena#1979_Roof_Collapse
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