Expanding Your Horizons

March 17, 2007

Worksop Title: “Leaning Tower of ..Spaghetti?!”

Location: Shiley Center for Science and Technology (SCST) 2nd Floor Study Room

Duration: 45mins (5 mins for follow-up survey)

Timeline 

Intro to the contest:


Tallest building for the least material cost:

Spaghetti- $0.10

Mini Marshmallows- $0.50

Large Marshmallows- $2.00


Most structurally sound under “Earthquake simulation” (if time)

Intro to the basics of building – show a quick example

Divide girls into groups of 3 or 4, each group should pick a team name and the location of their building (pick a specific town, city, region)

Building of the towers

Measure buildings and count of cost of materials

Test buildings on shaker

Announce winners for each category and distribute prizes:

Tallest structure

Most cost effective

Most structurally sound

Team skills

Creativity 

	
	Workshop 1 (10-10:50a)
	Workshop 2 (11-11:50a)
	Workshop 3 (1-1:50p)

	Intro to Contest
	10:00 – 10:02
	11:00 – 11:02
	1:00 – 1:02

	Basics of Bldg
	10:02 – 10:08
	11:02 – 11:08
	1:02 – 1:08

	Make Teams
	10:08 – 10:10
	11:08 – 11:10
	1:08 – 1:10

	Build Towers
	10:10 – 10:30
	11:10 – 11:30
	1:10 – 1:30

	Measure/Count
	10:30 – 10:33
	11:30 – 11:33
	1:30 – 1:33

	Shaker Test
	10:33 – 10:43
	11:33 – 11:43
	1:33 – 1:43

	Winners Circle
	10:43 – 10:45
	11:43 – 11:45
	1:43 – 1:45


Basics of Building

Throughout the history of architecture, there has always been a quest to build higher than what has been built before: from the ancient pyramids of Egypt, to the cathedrals of Europe, to the Empire State Building in New York City.  The tallest tower in the world today is the Taipei 101 in Taipei, Taiwan. It stands at an amazing 1,670 feet -- that's 220 feet taller than the Sears Tower.

Skyscrapers are now fairly commonplace – it’s a convenient way to put a lot of people on a small plot of land - BUT it wasn’t until relatively recently that we could even go so high. 

The biggest obstacle in building upward is the downward pull of gravity. 

Imagine carrying a friend on your shoulders. If the person is fairly light, you can support them pretty well by yourself. But if you were to put another person on your friend's shoulders (build your tower higher), the weight would probably be too much for you to carry alone. To make a tower that is 4 people high, for example, you would need more people on the bottom to support the weight of everybody above.

This is how "cheerleader pyramids" work, and it's also how real pyramids and other stone buildings work. There has to be more material at the bottom to support the combined weight of all the material above. 

Every time you add a new vertical layer, the total force on every point below that layer increases. If you kept increasing the base of a pyramid, you could build it up indefinitely. This becomes impossible very quickly, since the bottom base takes up too much available land. You’ll experience this problem with the limitations of the space you have on the shaker table.

The main technological advancement that made skyscrapers possible was the development of mass iron and steel production. Narrow, relatively lightweight metal beams could support much more weight than the solid brick walls in older buildings, while taking up a fraction of the space. 

So what happens in an Earthquake?

Americans are accustomed to thinking of earthquakes something that only Californians have to worry about. But in fact, about 90 percent of the nation's population lives in areas considered seismically active. The largest earthquake in American history hit New Madrid, Missouri in 1811. It rang church bells in Boston and changed the course of the Mississippi river!

Unlike any other natural or man-made disaster, such as a fire, earthquakes are potentially the most damaging to buildings because while most of the ground movement is usually horizontal, a quake can also rock a building up and down, like a rodeo rider on an angry bull. Our shaker will only be simulating the side-to-side movement of an earthquake.

Where you design your building is very important. Even a relatively well-designed building on soft, damp soil (such as by the ocean or at the bottom of a valley) may be in big trouble during a quake, as tremors cause the ground beneath it to turn temporarily from solid to liquid.

Another factor that has a major effect on the damage is the building material used. Brick that hasn’t been reinforced with Steel has the worst record since it has little ability to flex or move without collapsing. Wood frame buildings, or reinforced buildings, on the other hand, can hold together under quite severe shaking. 

We’ll be using raw spaghetti and marshmallows. Do you think that this is more like building with bricks or building with wood?

So what are the 3 main points that we’ve learned and can now apply to our towers:

1) If you build up, build OUT. As you build up remember to keep the base wide enough to support the increasing weight of your tower.

2) Build on sturdy ground.

3) Stay flexible! Use the marshmallows to add a little bend to your towers to keep them from toppling when the earthquake hits.

http://tlc.discovery.com/convergence/quakes/interactives/makeaquake.html

http://www.pbs.org/wgbh/buildingbig/index.html

http://www.pbs.org/wgbh/buildingbig/lab/shapes.html

http://mceer.buffalo.edu/infoservice/Reference_Services/earthquakeEducation.asp#2
