		Roofs Resistant
to Very Strong Winds 
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Objective:  In lesson 4 & 5 you learned about the extreme power of severe weather and the devastating impact of natural disasters like tornadoes and hurricanes.  Read the following information to learn how the construction style of a roof can help “hurricane proof” a house.  More importantly, follow the link in the “Patented” section to see visuals of actual wind weakening inventions.  Use ingenuity to build your own shoebox house & roof and wind weakening invention that will make you lots of money, protect homes, and save lives.
Materials needed:  1 -1 shoebox with lid   2- cardboard, paper, or some other type of material for your roof  3- your “patented wind weakening invention” Your patented idea cannot be just a bunch of staples, tape, or glue.  I will allow use of 6 staples or thumbtacks, or two 12 inch piece of tape to fasten your roof.  There is no limit to staples or tape in fastening your wind weakening invention to your house.
Other requirements:  You must use a common, barn, or round roof style as seen below.  You should create a plan on paper first as stated in the rubric.  Follow the rubric for other guidelines. Use the information provided below to learn about roof styles, lift and aerodynamics, and how roof pitch affects wind speed lifting strength.  Again, your invention should be a wind weakening one, not a roof fastening one.   
Testing:  Have fun using the box fans on low, medium, or high to test your house at any time during the construction phase.



When the strong winds of a hurricane strike a house, usually it is the roof that is first to be blown away. Then, without the joists that hold the tops of the walls together, the walls blow down. Modern construction techniques try to solve this problem in a brute force way by using special metal attachment devices to more securely connect the roof structure to the top of the walls to keep the roof from slipping off the top of the house. The idea is that the horizontal pressure of the wind could push the roof sideways off the substructure unless it was securely fastened to that substructure.
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In pictures taken while a hurricane was in the process of hitting one of the Hawaiian islands, it became obvious that roofs were not slipped sideways, but rather were lifted upwards from the walls. In effect the two slopes of a roof formed an airfoil, which, while not as efficient in shape as that of an airplane wing, was still sufficient to lift the necessary tonnage needed to rip the roof and its attachments from the substructure. Indeed Clemsen University determined that during a category five hurricane the lift could be up to 100 pounds per square foot. This, for a normal house, calculates to 100 tons, and that is in all likelihood more than the house AND its foundation weigh.
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Aerial videos had been taken of this area both prior to (←) and after (→) the hurricane's passage. What was seen in the aftermath was that all of the steep roofed houses still had their roofs, while those that were much less steep were missing their roofs and usually their walls also. Flat roofed buildings usually showed collapse, probably due to their inability to drain the rainwater away fast enough and the weight of the water caused the collapse. But the other observations supported the notion of lift. If the roof was steep, the "wing" stalled, but if it was shallow, then it was more nearly like an airplane's airfoil and provided sufficient lift to destroy the house, and those houses were indeed decapitated or worse - the supporting walls collapsed, too.
For a moment let us turn to airplanes. The velocities of highly damaging hurricane winds are approximately those of the airspeed of a departing or landing 747 jetliner which weighs many tons. In other words, that airspeed on those airfoils is sufficient to lift many tons. This concurs with what was determined previously by Clemson University. 

The roofs of even modest homes approach or exceed the area of most 747 wings. And even with less than optimal aerodynamics, is it any wonder that roofs are lifted from houses? Indeed, even were the roofs perfectly attached to the substructure, it is not unbelievable that the lift during a hurricane could lift the whole house - perhaps concrete slab and all! You might think that a house is hugely massive, but consider how many trucks were used to deliver all the lumber, shingles, siding, etc. Those trucks could easily ride in a 747 cargo plane. This means that no amount of reinforcement of the structure would prevent the maximum damage. As medical doctors would say, "Attack the cause and not the symptoms." Thus the way to attack the 'cause' is to "foil the airfoil." This can be either done by proper design of a new house (e.g.: steeper roof), or retrofitting an existing home in some way. (Do not misunderstand that the reinforcing methods are not necessary. By no means! They will protect the structure under less than maximum conditions. But for minimizing roof damage, nothing would be simpler and less costly than finding a way to defeat the lifting power of the wind on the roof's airfoil. And that method is described next.) 

	
Three fundamental
shapes of roofs:
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Common
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Barn
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Round 
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	COMMON ROOFS
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CONSTRUCTION: 
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In order to test the lift of wind on a common pitched roof, the setup to the right was constructed of a fan, an electronic scale on a table, and a roof of variable pitch attached to the pan of the electronic scale. The scale itself substituted for the body of the substructure of a house. The Lift was directly measured as the fan blew at different speeds horizontally across the roof from the side.
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RESULTS: It is seen that very steep roofs have little lift, but that nearly flat ones have a great amount of lift. This is unfortunate since less steep roofs are easier to build requiring less material. Thus construction costs and wind stability run counter to each other. One final aspect of new construction would be the orientation of the new roof to the winds. Since many homes are built on mountainous terrain such as in the Caribbean, and Japan, the lessons learned here would be to situate the house so that the winds hit from the sides and not from the ends. Of course, this can only be done when one can predict the direction of storm winds such as if the home were to be built in a valley where crosswinds would never be strong. 

In addition to increasing the steepness of the roof, it would be worthwhile adding as new construction the retrofitting device described in the next section. This would further diminish the lift on the proposed roof by a factor of 40%. 
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	BARN ROOFS
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A second very common style of roof often seen on homes is the Dutch colonial, and of course on farmers' barns. These rustic barns should not be taken lightly as within them is often the farm family's livelihood - expensive equipment, livestock and hay and grains. Often the barn's contents are more valuable than those in the farmhouse itself. Shown to the right are the lift curves of a typically shaped barn roof when the wind approaches from the side. 
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	ROUND ROOFS
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While a round or cylindrical roof is rarely seen on homes, it is often seen on skating rinks, supermarkets and older sports arenas and gymnasiums. As this study has moved from simple roofs to barn roofs and now to round ones, we see that we are approaching the curve and smoothness of design of the airplane wing. Shown to the right is with the wind striking the roof from the sides and going over the top. The first thing noticed is that with the plain roof, the lift dramatically increases as the curve flattens. This would be expected as the roof approaches the curvature of an airplane wing's airfoil. 



Patented! Idea help!
Learn how to use the United States Patent and Trademark Office as you investigate how one man who made a major breakthrough along the lines talked about above - not by strengthening the roof, but rather by weakening the wind by foiling the airfoil. Mr. Ponder thought outside of the box! This is an extremely important concept for young scientists - looking at a problem from a totally different perspective. While everyone else was inventing metal clips to hold the rafters and roofing boards more strongly together to make a stronger roof, Mr. Ponder thought it'd be easier and more effective to weaken the wind. 

1. Follow this link for a shortcut to Mr. Ponder’s patented wind weakening inventions: http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=0&f=S&l=50&TERM1=5918423&FIELD1=&co1=AND&TERM2=&FIELD2=&d=PTXT 

You can expand on Mr. Ponder's invention by running several of your own experiments. 

a. What is the effect of the height of the wind spoilers? Make spoilers of different heights, affix them to your roof, and take measurements. Plot (spoiler height/total area of roof) versus (change in weight of your roof when the fan is blowing from that when the fan is off). Notice that Mr. Ponder did not publish that work. Does that negate his patent? No. What type of patent does Mr. Ponder have - for a general concept, or for a specific design? 

b. What is the effect of his spoiler on a roof that is "L"-shaped, or other more complex shape? Can you ascertain any type of roof that is so "lift-prone" that they shouldn't be built? And which cannot be "saved" by adding Mr. Ponder's spoilers? 

If the shortcut link above does not work you can find the inventions this way:
1. Type in this URL: http://www.uspto.gov 

2. See "Patents"? Under it are several options. Click on "Search." 

3. Look under "Issued Patents" and click on "Quick Search." (You could more easily click on "Patent Number Search" and get the answer immediately, but let's do Quick Search because it will expose you to a screen that will be useful to you later, when you don't know the patent number and you want to find out if something has been patented.) 

4. In the top box type in this patent number: 5918423; ignore the other write in boxes and click SEARCH 

