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Amazing Architecture
Grades 4-5
Explore various styles of architecture and the basics of structural design.
Problem to solve:

Goals:

1. Develop students' understanding of architecture and properties of different building materials.

2. Enhance students' understanding of weight and balance.

3. Connect findings to different structures from everyday life.

4. Reinforce students' problem solving skills.

Posing The Problem

Activity Title:  Problem-Based Learning

Goal Alignment: Reinforce students' problem solving skills
Approximate Time Frame of Activity: 30 minutes
Materials Needed: 

	Butcher Paper
	1 larger piece

	Pencils / Pens
	1 per student

	Worksheet: PBL Page 1: The Problem
	1 per student

	Worksheet: PBL Page 2: The Questions
	1 per student


Activity Overview and Objective:

1) Teacher will tell the students:

Problem: The _______(fill in a community bridge) bridge has collapsed! Your challenge is to determine the best material and building strategy to rebuild and keep everyone safe. 
Split students into arbitrary groups of 3 – 5

2) Once students are in groups 

a. Pass out pg. 1: The Problem

b. Have students brain storm different materials and building strategies. (20 min)

3) Come together as a group and make a comprehensive list from the students brain storm (15 min)

4) Send students back to their groups 

a. Have students’ discuss what types of questions they would need to ask to determine the best way to rebuild the bridge. (20 min)

i. Make sure to circulate and assist students in this brain storm the comprehensive list should lead to the experiments on different materials, bridge structures, etc.
ii. Questions such as: What was the old bridge made of? Why did it collapse? What materials are available for us to use? What are different bridge structure designs? What will hold up the most weight? How will it be balanced? etc.
5) Come together as a group and make a comprehensive list of questions from the students brain storm (15 min)

Results and scientific background: 
· Students will note many different ways to try and rebuild the bridge and formulate experiments.
Activity Tittle:  Architecture Mix and Match
Activity Goal/Objective: 
After completing the activity, students will be able to apply new vocabulary to real-life structures, identify examples of vocabulary and create models of vocabulary words.
Approximate Time Frame of Activity: 30 min.
Materials Needed:

· Architecture Mix and Match Cards- names and pictures – one set per group
Activity Overview and Scientific Background: 
1. Start with a discussion about buildings and structures and how they have changed throughout history. 
2. If a picture book is available, read this with students to get their minds thinking more openly about different architectural structures

3. Introduce activity by telling students that we are going to see how familiar they are with some famous structures that have been built throughout history.

4. Put students into groups
5. Pass out materials (1 set of pictures and names of structures)- 1 set per group

6. Give students 20 minutes to try and place the correct name with the correct picture. Have assistants and volunteers help students and check answers when they think they are done.

7. When every group is done, have an instructor hold up and picture of a building and have students call out what its name is.
Extension Higher: 

To further test students, you can have them place the pictures/names in order that they were built throughout history.
Extension Lower: 
If too many students are getting stuck or frustrated, you can give groups just the names of the structures and have an instructor at the front hold up a picture and each group must pick a name to hold up and go through the list that way. 
Activity Tittle: Architectural Vocabulary
Activity Goal/Objective: 
After completing the activity, students will be able to apply new vocabulary to real-life structures, identify examples of vocabulary and create models of vocabulary words.
Approximate Time Frame of Activity:

1 hour
Materials Needed (please be specific are the materials per student? Group? Class? ):

· Architectural Vocabulary sheets- one per student
· Blank white paper- 2 pieces per student
· Pencils/markers- per student
· Large paper
Activity Overview and Scientific Background: 
1. Begin with a discussion about some of the parts to the structures in the Mix and Match activity that students recognize. Tell students how there are many other parts that architects think about when designing a building and they are going to learn a few.
2. Pass out architectural vocabulary sheets to students

3. Have students go around reading each one. 

4. Have students put a checkmark next to the ones they already know and a question mark next to the ones that they don’t already know. 

5. Put students in groups of 3, have them discuss the vocabulary words that they are unfamiliar with.

6. Pass back out Mix and Match Architecture pictures to each group.

7. Have students try to point out in the pictures as many of the vocabulary words as they can. 

8. Split the groups back up so that each student is working individually again.

9. Pass out white paper, pencils and markers.

10. Have students draw a picture to describe each vocabulary term.

11. Pick students to draw theirs on the large paper and have them present them to the class.
Extension Higher: 

You can have students get creative and draw crazy buildings by having them try and draw a building that contains all of the vocabulary words and have them write the word with an arrow next to each one. They can draw the same thing more than once to make their buildings look even crazier.
Activity Tittle: Lean on Me
Activity Goal/Objective: 
After completing the activity, students will understand how the laws of physics plays into the roll of an architect. 
Approximate Time Frame of Activity:
20 min.
Materials Needed (please be specific are the materials per student? Group? Class? ):

· Tape
· 2 boxes of similar dimensions

· 2 sheets of paper

· Weight of some kind (pebbles, a block, pennies, etc.)
Activity Overview and Scientific Background: 
1. Tell students the following:

a. The laws of physics apply to everything. Essentially, anything you build will have to withstand a push and/or a pull. When you’re sitting, gravity causes you to push on the chair. This puts the chair in compression. When you’re hanging from a tree, gravity causes you to pull on the limb. Your arms are in tension.

b. You will find that some materials hold up under compression (concrete, bricks, your little brother). Some materials are not suitable for anything structural (cereal, milk, your little brother). In this activity, you’ll get a chance to experiment with these structural principles. Working with a seemingly flimsy piece of paper, you’ll discover techniques to make materials strong.

2. Test come structural principles in this demonstration:

a. Place two boxes, 6 inches apart, on a table. Lay a sheet of paper across the tops of the boxes. What happens to the paper? Any ideas for preventing this?

b. Now tape down the edges of the paper. What happens to the paper? Place a weight on the middle of the paper. The paper is in tension, causing it to pull against the boxes and make them move inward. This is the principle at work in a suspension bride (but there, the “box” equivalents are secured). 
c. Now, cut, fold, (like making a paper fan) and place the paper as indicated (with the folds going lengthwise with the blocks- it should dip in the middle). Note that the paper still bows- nothing is supporting the folded edges.

d. Now place the folded paper between the boxes as shown (turn the folded paper 90 degrees so that the folds are perpendicular to the boxes). What happens to the paper now? The top fold of the paper is in compression and the bottom fold is in tension. These two qualities work together to produce stability. You see this principle at work in corrugated cardboard and structural beams. 
3. Extension-

a. Create lean on me demonstration in large scale using a tarp, chairs, and duct tape. Use duct tape to secure the tarp tightly and eat lunch in the newly created fort!
Activity Tittle: Paper Bridge
Activity Goal/Objective: After completing the activity, students will be able to apply knowledge of laws of physics to figure out how to make materials stronger to build the strongest bridge they can out of paper.
Approximate Time Frame of Activity:

20-30 min.
Materials Needed (please be specific are the materials per student? Group? Class? ):

Per group of 2
· Plain paper

· 5 paper clips

· ruler

· 2 books or blocks

· at least 100 pennies

· scissors
Activity Overview and Scientific Background: 
1. Begin with icebreaker activity:

a. Hold up a single piece of paper. Ask: How many pennies do you think a bridge made out of this paper can hold? After kids make some guesses, lay the sheet of paper flat across tow blocks places 20 cm (about 8 in.) apart. With the kids keeping count, place pennies on the bridge, new the middle, until the bridge falls. (it will hold only a few.)

2. Introduce the challenge: Students will have to use their physics knowledge just discussed to make their paper stronger using only the materials provided. 

a. Ask kids questions about their designs. What can they do the paper to make it stronger? Should they cut the paper? How can they use the paper clips? Have students sketch their design ideas.

b. Have discussion about different types of bridges kids have seen. How long were they? How tall? What were the bridges designed to transport? What other considerations went into designing the bridges?

c. As kids test their bridges, suggest that they observe the bridges closely to determine where they fall.
d. Share results with the class. Whose held the most pennies? How many? What were some of their main design techniques?

3. Recap with the big idea:

a. Changing the shape of a material can change the way it resists forces. Alothough a piece of paper seems flexible and weak. It can be folded, rolled, twisted, or otherwise altered to support quite a bit of weight. Folding the paper helps to resist bending forces created by the load of the pennies on top of the bridge. The paper can be folded into the shape of an I-beam or accordion-pleated. Rolling the paper round the pennies and fastening the ends with paper clips is another possible solution.
Activity Tittle: Spaghetti Structures
Activity Goal/Objective: 

After completing this activity, students will be able to create strong structures using relatively weak materials.
Approximate Time Frame of Activity:
1 hour- 1 hour, 30 min.
Materials Needed:

· Two large boxes of spaghetti (thick strands)- per group

· 1 roll of 1in. masking tape.

· 1 Tape measure

· Newspaper

· Pencils

· 2-3 books (for weight)
Activity Overview and Scientific Background: 
1. Give students 7 strands of spaghetti and 1 in. of tape. Instruct students to create the tallest structure they can using the materials provided. They cannot tape structures to table, nor can they get more tape. Allow 15 minutes to create structures. Measure whose is tallest.
2. Introduce activity by doing the following:

a. As kids walk in, invite them to design a skyscraper. They can draw their designs on newsprint. Encourage them to draw big by giving them a four-foot-long section of paper. Prompt the inventing guides to ask each designer if his or her building will have windows, an outside or inside elevator, or a helicopter pad on the roof, and whether the building will be rectangular in cross section or some other shape. Remind them that really tall buildings have names and they should come up with a creative name for their designs. When you are ready to start the day’s activities, ask the Guides to tape each design up on a wall. Review them all, allowing students to comment. 

3. Before proceeding, search the room and building for examples of frame construction. Look at how builders strengthen buildings. Suggest that the kids look at houses being constructed to see how the carpenters frame them, looking especially for how they add strength to the building. This would be a god time to show them examples of buildings in books. David Macaulay’s Unbuilding and Philip Wilkinson’s Amazing Buildings are two to check on.

4. The challenge is to build as tall a structure as possible out of the spaghetti. Before each team receives the materials (once they have the materials they will start building, so have them think through their design before they start), they must show one of the Inventing Guides how they are planning to build the structure. They need not draw the entire structure, but just show how they are going to connect the spaghetti and brace each level of the structure. 

5. Now give each group 25 strands of spaghetti and 6in of masking tape. They can have as much spaghetti as they need, but no more tape. They cannot tape the structure to the table or use any other materials to support the structure. Give them a time limit,  up to 30 minutes. 

6. When they have completed Spaghetti Structures have them try to recreate their pre-activity (7 strands and 1 in. tape) using pipe cleaners this time. Emphasize appropriate materials and what problems they can encounter using a material that won’t hold its shape.
Extension Higher: 

Give students a height minimum that they must get reach. 
Extension Lower: 

Allow students to attach structures to table or give them a little bit more tape to work with. 

Activity Tittle: Spaghetti Structures Part 2
Activity Goal/Objective: 

After completing this activity, students will be able to apply knowledge of what makes a strong structure be able to support the most weight.
Approximate Time Frame of Activity:

45 min.
Materials Needed (please be specific are the materials per student? Group? Class? ):

· 12 strands of spaghetti- each student
· 4in. masking tape- each student

· paper

· pencils
Activity Overview and Scientific Background: 
1. Challenge:

a. Students are to design a structure that will hold up a book at least 6 in. off the table. Give them 12 strands of spaghetti and 4 in. of masking tape. They can’t apply tape to the table and they can’t use any other materials. If their structure is able to hold a book, it can go into the championship round of testing, in which you add additional books to see which structure hold the most weight.

b. Have student sketch design ideas first.

c. Once all structures have failed, talk about which design features were most effective in holding up the books. Encourage the kids to try this at home with their families. 
Extension Higher: 

Make the height the books must be off the ground higher or make it have to be able to hold a heavier book. 
Extension Lower: 

Chose a lighter book that the structures must be able to support initially. 

Activity Tittle: Building with skewers
Activity Goal/Objective: Students will be able to apply different aspects to the building of their structures, as in emotional appeals. 
Approximate Time Frame of Activity:

45 min.-1 hour
Materials Needed (please be specific are the materials per student? Group? Class? ):

· 35 skewers – each group of 2

· Masking tape
Activity Overview and Scientific Background: 
1. Initiate the building with skewers activity in the same manner as you did the spaghetti activity.

2. Give groups 45- minute session in which they are asked to build a self-standing structure using 35 skewers and masking tape. Give them the following rules for construction:

a. The tape can only be wrapped twice around many given joint or stick

b. When joining sticks in a straight line, the sticks may only be taped together at two points (at each of these points, the piece of tape may only be wrapped around twice).

3. After students have finished creating their structures, ask the following reflection questions:

a. Did you have a design or shape in mind before you started or did it evolve as you worked?

b. What pleases you most about the design of your structure? Why?

c. What other structures or places does your structure bring to mind?

d. What kind of feelings does your structure evoke? Does it suggest peace, tension, humor, or excitement, etc.?
Extension Higher: 

Add additional rules for construction that are student derived. Also, have students write a paragraph describing their structure, its construction, and its emotional appeals. 
Extension Lower: 

Get rid or adjust some of the rules for construction to make it easier for students to complete.

Activity Tittle: Bridge Building
Activity Goal/Objective: 

After completing the activity, students will apply all of the knowledge they have gained thus far to build a bridge that can hold as much weight as possible. 
Approximate Time Frame of Activity:

45 min. – 1 hour
Materials Needed:

· Masking tape- entire class

· Skewers- entire class

· Paper- entire class

· Pennies (at least 200)- entire class
Activity Overview and Scientific Background: 
1. Give students 30-40 skewers, 6 in. of tape, 1-2 pieces of paper (students can get more materials as necessary). 
2. Give students a 10 min. planning period to prepare to build their bridges.

3. Have a discussion about some of the major design aspects that they have learned previously.

4. Allow students 30-45 minutes to build their bridges

5. Test bridges by placing pennies at the ends and in the middle of the bridge.

Extension Higher: 

Students may not attach their bridges to the chairs and must be able to hold at least 20 pennies in the middle. 
Extension Lower: 

Students may attach their bridges to the chairs and have no minimum amount of pennies that it must be able to hold. 
Activity Tittle: Arm Cantilever Mini-Activity
Activity Goal/Objective: After completing this activity, students will be able to describe what a cantilever is and how it functions.  
Approximate Time Frame of Activity:

10-15 min.
Materials Needed (please be specific are the materials per student? Group? Class? ):

· Heavy book- one per student
· Bag with straps- one per student
Activity Overview and Scientific Background: Cantilever- a projecting structure supported at only one end, such as a shelf bracket or diving board.
1. Place a heavy book in a bag with straps.

2. Ask: Do you think you could support this weight with one arm? (Kids will probably say yes)

3. Have kids first place the bag straps over their arms near the shoulder, and then over the tips or their fingers. 

4. Ask: Is it equally easy to support the weight in both places?  (it is much easier to support the bag close to the shoulder, near the fixed base of the end. Cantilevers support loads by bending. A cantilever can support more weight closer to its fixed end. Examples of cantilevers in structures include balconies and awnings.)
Extension Higher: 

Have students try to come up with real world examples on their own. 
Extension Lower: 

No lower extensions available. 

Activity Tittle: Cantilever Activity Part 1
Activity Goal/Objective: After completing the activity, students will better understand cantilevers, how to build them, and how to be scientifically objective. 
Approximate Time Frame of Activity:

45 min. – 1 hour
Materials Needed:

· 35 straws- per student
· 35 paper clips- per student
Activity Overview and Scientific Background: 
1. Give students time to freely explore with the straws and paper clips. Ask your students, “What can you build with 10 straws and 10 paper clips?” and let the students explore their ideas. (Building out (particularly cantilevers) will be a good deal more difficult with paper clips.) 

2. As their structures begin to take shape, suggest that they use bent paper clips as hangers for weights to test the physical strength of the structures.

3. After they have explored (approximately 15 minutes), they will be building cantilevers (free standing structures anchored to a point) using 25 straws and 25 paper clips. Start with one straw taped to the wall or tabletop with strong tape. Other straws may be pinned (or fastened with clips) to this straw and may rest against the wall or tabletop but may not be taped.

a. How far out from the wall or tabletop can you build with out using more tape?

b. What is the strongest cantilever you can build 18 inches out from a wall or tabletop?

4. The question of rules and what is fair inevitably arises in these challenges. This is and important question, as it forms the basis for scientific objectivity and fair testing. For building out from the wall or tabletop, questions such as, “Are the structures allowed to droop, and if so, how much?” and “where is it fair to hang the weights?” often arise. The place where weights are hung is even more important for cantilevers. When we hear students protest “it’s not fair” when a group hangs their weight in close to the wall or table, we know that they have a key part in understanding of torque; that is the effect depends on the distance of the weight from the pivot.
Extension Higher: 

Give students less direction. 
Students should be encouraged to test the strength, stability, and durability of their structures. In this way, they gain insights into the behavior of structures that are subjected to outside forces, and they can see how to improve their structures so as to strengthen weak points. In addition to hanging weights on structures, they can be “wind tested” using a large piece of cardboard as a fan. You can also leave the structures intact overnight, to discover which ones are still standing in the morning. 
Have student share their particularly strong or weak bridges with the rest of the class. Discuss and chart the shapes, which were discovered to be successful. Ask the following questions:

· What shape seemed to be the weakest/strongest?

· What part of the bridge seemed to collapse first?

· Where was the bridge weakest?

· What would you use to make the paper bridge even stronger?

· What do you think would happen if you could anchor the bridges to the desk? Why?
Extension Lower: 

Give students more direction.

Activity Tittle: Cantilever Activity Part II
Activity Goal/Objective: After completing this activity, students will understand how to make cantilevers stronger, and how to test strength and durability of a structure.
Approximate Time Frame of Activity:

30 min.
Materials Needed:

· Structures from pervious activity

· Cardboard- 2-4 large pieces

· Small weights
Activity Overview and Scientific Background:  

1. Students should be encouraged to test the strength, stability, and durability of their structures. In this way, they gain insights into the behavior of structures that are subjected to outside forces, and they can see how to improve their structures so as to strengthen weak points. In addition to hanging weights on structures, they can be “wind tested” using a large piece of cardboard as a fan. You can also leave the structures intact overnight, to discover which ones are still standing in the morning. 

2. Have student share their particularly strong or weak bridges with the rest of the class. Discuss and chart the shapes, which were discovered to be successful. Ask the following questions:

· What shape seemed to be the weakest/strongest?

· What part of the bridge seemed to collapse first?

· Where was the bridge weakest?

· What would you use to make the paper bridge even stronger?

· What do you think would happen if you could anchor the bridges to the desk? Why?

3. Bridges illustrate the effect of weight or another force at a distance from a pivot or support point (torque), and they also provide experience with beams.
Extension Higher: 
Have students test strength and wind resistance of structure.
Extension Lower: 

Have students test strength or wind resistance of structure. They pick which one. 

Activity Title: Straw Bridges
Activity Goal/Objective: After completing this activity, students will be able to construct bridges that are as long as possible while being able to support the weight of a golf ball hung in the middle. 
Approximate Time Frame of Activity:

45 min. – 1 hour
Materials Needed (please be specific are the materials per student? Group? Class? ):

· Straws (50)- per student
· Masking tape (1 roll)- per class

· Measuring tape or ruler- per class

· Golf balls (12)- per class

· Paper clips (2 boxes)- per class
Activity Overview and Scientific Background: 
1. Introduce activity- Design a bridge that will enable a car to drive across. Suggest that before, they start designing; they think of bridges that they have seen. Review the designs looking for structural elements. 
2. Do demonstration- 
a. Show several ways to connect straws: by jamming the end of one straw into the end of another, by jamming a partially opened paper clip in the ends of two straws, or by pinning straws together with straight pins.  

b. Make a square using four straws attached at the corners with pins. Let them see how flimsy it is: the slightest push will collapse it. Ask how they could stop it from collapsing. One-way is to brace it with cross members, forming triangles. How many different ways could there be to make triangles? (lots, depending on the placement of the cross pieces.) Remark that triangles make structures stronger, and that kids might look for triangles in buildings and bridges. 

3. Pass out materials and allow students to start building.

4. Once students are ready for testing, give them a golf ball and string to test their structure. 
Extension Higher: 

Give students stipulations that they have to follow. For example, that they can only connect straws a certain ways, a certain amount of times.
Extension Lower: 

Allow students to use masking tape to connect straws together, and to help make the structure stronger. 
Activity Tittle: Columns: Can a Toilet-Paper Tube Support your Weight?
Activity Goal/Objective: After completing the activity, students will be able to explain why columns become stronger when filled with small particles. 
Approximate Time Frame of Activity:

15-30 min.
Materials Needed:
(Per student or do as a demonstration)

· 2 empty toilet-paper tubes
· Sand or salt

· Dishpan, tray or cardboard box lid

· Masking tape

· Sturdy chair 

· Funnel
Activity Overview and Scientific Background: 
1. Make a Prediction- Predict whether a toilet paper can withstand the compression caused by your weight. Explain the reason for your prediction.
2. Try it out- Place an empty dishpan, tray, or box lid on the floor. Stand an empty toilet paper tube (the column) on one end in the pan.

3. While holding on to the back of the chair with both hands, gradually press straight down on the top of the column with one food. Continue increasing your weight on the column until it collapses. Use this scale to rate the column’s strength:

a. Very weak! It crumples or breaks with hardly any force

b. Only fair- it can’t withstand much force.

c. Pretty good- it takes a lot of force to break it

d. Super strong! We can’t break it

4. Observe the collapsed tube to see where it failed. How can you make the column stronger, using only tape and sand? Repeat Step 2 using the second toilet-paper tube and your new design.

Extension Higher: 

Is there any difference in strength between a column filled with small particles, like sand or salt, and a column filled with big particles, like marbles or pebbles? Make a prediction and test it. 
Extension Lower: 

Do above as a demonstration. 

 Activity Tittle: Human Arch Mini-Activity
Activity Goal/Objective: After completing this activity, students will be able to describe what an arch and a buttress is, and how they are used to support each other. 
Approximate Time Frame of Activity:

15-20 minutes
Materials Needed:
· None
Activity Overview and Scientific Background: Arch- A curved structure that converts the downward compression force of its own weight, and of any weight pressing down on top of it, into a force along its curve. This results in an outward and downward force along the sides and base of the arch. Buttress- A side support that counteracts an outward pushing force, the way bookends keep books on a shelf from sliding sideways. Buttresses are often used to support the sides of archers and tall cathedral walls, where they counteract the outward thrust.
1. Have two kids form an arch by placing their palms together and leaning toward each other, sliding their feet as far back as they can. Caution them no to lose their balance. Ask: Where do you feel a push or a pull? (pushing on their hands)

2. Have a third kid gently pull down on the top of the arch to test its strength. Ask: How difficult is it to break the arch? (not difficult)

3. Have the group brainstorm ways for two more kids to join the arch and make it stronger, but without braking up the space beneath the arch. Guide them to the idea by asking the arch-makers how stable their legs feel. Then repeat Step 2 and compare the results. (The buttresses exert an inward force on the sides of the arch that balances the outward force created by the load pressing down on the top of arch.)
Extension Higher: 

Have students explain how buttresses work. 
Extension Lower: 

Give students the definition of a buttress and then have them use that to figure out how to support the arch. 
 Activity Tittle: Shear on the Deck Mini-Activity
Activity Goal/Objective: After completing the activity, students will be able to explain what shearing is. 
Approximate Time Frame of Activity:

10-15 minutes
Materials Needed (please be specific are the materials per student? Group? Class? ):

· A deck of cards
Activity Overview and Scientific Background:  Shear- a force that causes one part of a material to slide past another.
1. Place a deck of cards on a table. Invite a kid to push sideways on the top part of the deck so the cards “smear” sideways, demonstrating the sliding action of shear force. Shearing stress on two parts of a structure that are bolted or nailed tether can break the bolts or nails in tow.
2. Why is this important for bridges?
Extension Higher: 

Have students look around the classroom to find examples of where this could be an issue. 
Extension Lower: 

 Have students give real-world examples of where this may be an issue.
Activity Tittle: Newspaper Towers: What’s the tallest tower you can build using only two sheets of newspaper?
Activity Goal/Objective: After completing this activity, students will understand how to increase stiffness of flimsy materials, and why it works. 
Approximate Time Frame of Activity:

10 minutes
Materials Needed (please be specific are the materials per student? Group? Class? ):

(per group of two)
· 2 unfolded sheets of newspaper

· ruler

· hand wipes for cleanup
Activity Overview and Scientific Background: The strength of a building material can depend on how it is used. Pleating or rolling paper can increase its stiffness. By crumpling, folding, and otherwise reshaping the flimsy flat sheets and by forming a wide base, kids can make the newspaper stand up. Many forces are at work on towers. Gravity and the dead load of the tower push down, the ground pushes back up, and small air movements push from the side. A foundation distributes the load into the surrounding ground material and can help balance the sideways wind force. The size of the foundation depends on the strength of the supporting ground. A foundation placed in rock can be smaller than a foundation placed in sand or mud.
1. Icebreaker- hold up an index card and announce that you want to stand it up on a table. Ask kids if they think you can do this. (They will probably laugh and say no.) Stand the card up on one edge so that it falls over. Ask: Is there anything I can do to make this card stand up? (kids may suggest changing the shape of the paper by folding it, curving it into a column, or tearing the bottom to make “feet.”)
2. Lead the activity- Remind kids to brainstorm all the ways they can alter the paper. Encourage them to think about shapes and stability. Reinforce that looking at what other groups are doing is OK; this is not a competition between groups, but rather a chance to learn from other’s discoveries.

3. As groups finish and measure their towers, take a group “tour” of the results. Ask: What forces are affecting these towers? (use one tower as a model to point out that gravity and the dead load of the lower are pushing down, the surface is pushing back up, and small air movements are adding forces from the sides.) What different solutions did groups come up with to counteract these forces? What is similar about the taller structures? (Encourage kids to point out creative uses of shapes, fastening techniques, wide bases, and other solutions to balancing and stiffening their towers.)
Extension Higher: 

Kids may use the tape to stiffen the newspaper, particularly at the base, or to hold stable shapes such as triangles or columns together. 
Extension Lower: 

Discuss the difference between dead load (the weight of the tower itself) and live load (the weight of the golf ball).

 Activity Title: Make pyramids out of sugar cubes
Activity Goal/Objective: Students experiment with building materials.
Approximate Time Frame of Activity:
30 min.
Materials Needed (please be specific are the materials per student? Group? Class? ):

· Sugar cubes
· Liquid glue- several for class
Activity Overview and Scientific Background:  

1. Give students materials: sugar cubes and glue
2. Instruct students to create sugar cube pyramids. Caution against eating sugar cubes.
Extension Higher: 

Have students come up with pros and cons for practically using pyramids. 
Extension Lower: 

Assist students with coming up with pros and cons for practically using pyramids. 

Activity Tittle: Challenge Part I/II
Activity Goal/Objective: After completing this activity segment, students will be able combine all of their knowledge learned throughout the lessons to rebuild the fallen bridge!
Approximate Time Frame of Activity:

2-3 hours total
Materials Needed:

(for class)
· Newspaper

· Straws

· Toothpicks

· Marshmallows

· Spaghetti noodles

· Skewers

· Paper clips

· Masking tape

· Ruler

· Paper cup

· Pennies/ marbles
Activity Overview and Scientific Background: 
a. Bridge Challenge- Remind kids that the span must be 45 cm (1.5 feet), so the bridge must be longer than that. Place the bridge across two desks to test its strength. Use the paper-cup load tester to test bridge. Build out of whatever materials are available. 

Extension Higher: 

Give tighter rules than previously used on activities. Have students write out explanations to use when presenting to parents, including scientific explanations. 
Extension Lower: 

 Give students the same rules as previously used on activities. Help students write out explanations to use when presenting to parents. 
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	QUANTITY
	UNIT DESCRIPTION
	SUPPLY

	10
	CONTAINERS 
	CRAYONS

	4
	BOTTLES
	GLUE

	2
	
	HOLE PUNCHERS

	10
	CONTAINERS 
	MARKERS

	2
	ROLLS
	MASKING TAPE

	1
	CONTAINER
	PAPER CLIPS

	1
	ROLL
	PAPER TOWELS

	
	MULTIPLE COLORS
	CONSTRUCTION PAPER

	
	
	DRAWING PAPER

	4
	
	RULERS

	1
	ADULT 
	SCISSORS

	10
	CHILD
	SCISSORS

	2
	ROLLS
	SCOTCH TAPE

	1
	
	STAPLER

	1
	BOTTLE
	TABLE CLEANER

	1
	SKEIN
	YARN
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	Supply Needed
	Quantity Needed
	Name of Activity

	Large roll of paper to cover tables
	1
	

	Masking tape
	2-3 rolls
	Various activities

	Straws
	70 per student (1,680)
	Cantilevers and other various activities

	Toothpicks
	24 small boxes
	Toothpick truss

	Clay
	
	

	11x17 paper
	2 reams 
	Various activities

	Spaghetti noodles (thick strands)
	2 boxes
	Spaghetti Structures

	Paper clips
	1,000
	Paper bridge, Cantilevers

	K’nex sets
	1 for every 2 students (12)
	Free build

	Golf balls
	12
	Straw Bridges

	Toilet paper tubes
	48
	Can a toilet paper tube support your weight?

	sand
	2 freezer bags full
	Can a toilet paper tube support your weight?

	Funnel
	24
	Can a toilet paper tube support your weight?

	Styrofoam cups
	144
	Air-filled collumns

	Deck of cards
	12
	Shear the deck

	rulers
	24
	Various activities

	Large craft sticks
	48
	Various activities

	Bucher paper
	1 pack
	vocabulary

	Straight pins
	48
	Design demonstration

	skewers
	35 per student (840)
	Skewers activity

	Duct tape
	2 rolls
	Lean on me

	Boxes of similar dimensions
	2/student (48)
	Lean on me

	Weights of some kind (pebbles, a block, pennies)
	5-10 per student (240)
	Lean on me

	Pennies
	400
	Lean on me/ others

	Tarp
	1
	Lean on me

	scissors
	1 per student (24)
	Various activities

	Pipe cleaners
	7 per student (168)
	Spaghetti Structures

	Newspaper
	1 per student (24)
	Various activities

	Reusable shopping bag
	24
	Arm cantilever

	Books (for weights)
	72
	Various activities

	Trays
	24
	Can a toilet paper tube support your weight?

	White casein glue
	2 tubes
	Air-filled collumns


Resource List
Recommended Books:

· Greek and Roman Art (Off the Wall Museum Guides for Kids) by Ruthie Knapp, Janice Lehmberg

· Architecture: Colors by Michael J Crosbie, Steve Rosenthal. Double-page spreads feature an architectural element of a particular color on one side and the name of the color spelled out on the other.

· Architecture Shapes by Michael J Crosbie, Steve Rosenthal. Double-page spreads feature a geometric shape on one side and a related architectural element on the other.

· Arches to Zigzags: An Architecture ABC, By Michael J. Crosbie (2000). Shows what an arch is, or a gable, or a cave. For younger kids.

· Eyewitness Building, by Philip Wilkinson, Dave King, and Geoff Dann (2000). Lavishly illustrated, like other Eyewitness books for kids, and with good explanations of most architectural terms.

· City: A story of Roman Planning and Construction, by David Macaulay (1983). 

Architecture Mix and Match Activity

	Beam
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	Arch
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	Truss
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	Suspension
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	Cantilever
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	Cable-Stayed
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General Supply Bin List
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