

Hyatt Puzzle
What part(s) of the walkways failed?  Given the overall design as constructed, what parts of the support structure could have failed to cause both the second and fourth-floor walkways to collapse?  What evidence would you look for to decide which part actually failed?
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The fourth-floor walkway was suspended from the roof by three sets of hanger rods.  The rods passed through longitudinally welded box beams and were capped with washers and nuts which held up the walkway by pressing on the underside of the box beams.

The second-floor walkway was suspended from the fourth-floor walkway by another set of hanger rods.  These rods were held up by washers and nuts pressing on the top surface of the 4th-floor box beams.  The rods passed through box beams for the second-floor walkway

and were again capped with washers and nuts pressing against the underside of the 2nd-floor box beams.

Long I-beams running down the sides of each walkway were suspended from the box beams by angle brackets.  At right is a close-up view of the construction of the 4th-floor walkway and its connections to the hanger rods.

FAILURE BY DESIGN
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Hyatt Clue: The Design Change 
To help one pick from the alternatives, a valuable clue is a design change that occurred.  The original conceptual design did not have one set of hanger rods going to the fourth-floor walkway and then another set from it to the second-floor walkway.  Instead, originally there were to be long hanger rods attached to the roof and passing through the box beams under the fourth-floor walkway and continuing down through the box beams under the second-floor walkway.  The schematic at right shows the original design for the connection between the hanger rod and the fourth-floor walkway.


Original design
[image: image3.wmf]This original design called for extremely long hanger rods, which were difficult to manufacture and install.  Another problem was that the design did not use sleeve nuts, but somehow threads for a nut had to appear 6.1 m along each rod.  This would have either required a specially manufactured rod with extruding threads at that location, or a rod with threading 6.1 m down its length from one end.


As-built

[image: image4.wmf]The steel company subcontracted for the hanger work proposed a simple design change which was approved by the structural engineers for the project.  The change consisted of replacing each single long hanger rod with a pair of rods offset on the fourth-floor walkway’s box beams, as seen earlier and shown again at right.  This allowed for easy installation of a nut and washer below the beam to support the fourth-floor walkway, and another nut and washer above the beam supporting a hanger rod for the second-floor walkway.  This greatly reduced the expense and complexity of the construction.

The size of the washers and nuts and the design of the box beam were NOT changed when this change in the 4th-floor connection was made.

Now which part(s) do you think most likely failed?

FAILURE BY DESIGN
Hyatt Quantitative Problem
A common misconception is that the design change halved the number of people the walkways could support.  In fact, the change had a much more dramatic impact on the number of people that could be supported.  Knowing that the walkways as built could barely support themselves and with some data from the National Bureau of Standards, we can calculate the probable impact of the design change:
An investigation by the National Bureau of Standards reported: 

1. 
The Kansas City Building Code required a minimum support value of 151,000 newtons for each hanger rod/box beam connection in the original design.

2. 
A test showed that each connection could, on average, support only 90,000 newtons.  This was only 60% of the required minimum for the original design.

3. 
The design change doubled the load on the fourth floor box beam, so the code would have called for a support value of 302,000 newtons at the fourth floor connections, yet as-built those connections could still only support 90,000 newtons. 

Q:
Assume that the two walkways themselves each weighed 220,000 N.  Each of the six 4th-floor hanger rod/box beam connections could support 90,000 N, as could the six 2nd-floor connections.  How many 150 lb (667 N) people could the walkway connections support

a) as built?

b) as originally designed?

c) if built with the original design, but meeting code?
FAILURE BY DESIGN
Balsa Bridge Building
courtesy of Pitsco (www.pitsco.com)

Objective:
Design and engineer a bridge using 1/8 inch x 1/8 inch balsa wood to hold as much mass as possible over a 12-inch span.

Construction:
1. 
The overall width of the bridge may not exceed 3 inches.

2. 
The overall length of the bridge may not exceed 15 inches.

3. 
The bridge shall allow a 1-inch wide x 3/4-inch thick board to pass through it over the roadbed.

4. 
The bridge shall have no structures below the abutments that support the bridge.

5. 
The bridge shall allow a 3/8-inch bolt to pass through the center of the bottom of the bridge unobstructed (for testing).

6. 
The bridge shall be constructed entirely of 1/8-inch x 1/8-inch balsa wood.

7. 
Any common adhesive may be used at the joints of the wood members.

8. 
Adhesives may be used only at joints.

9. 
Wood joints may be notched if desired.

10. 
The mass of the bridge may not exceed 40 grams.

Competition:
1. 
The mass of the bridge will be determined before testing.

2. 
All bridges will use the same test device.

3. 
The bridge will be tested using a 1-1/2-inch wide x 10-inch long x 3/4-inch thick wood block with a hole in its center for the testing mechanism.

4. 
The bridge is placed on the bridge tester, with the span set at 12 inches.

5. 
The teacher will attach the testing mechanism to the bridge.

6. 
When the testing mechanism is ready, the student will begin to add sand to the bucket at the rate he or she chooses.

7. 
There will be a 10-minute time limit on adding sand to the bucket.

8. 
The student will continue to add sand to the bucket until the bridge collapses, and the bucket falls.

9. 
The mass of the sand will be measured.

10. 
The bridge supporting the greatest load is the winner.

11. 
In the event that the bucket is completely filled without breaking for more than one bridge, then, of those bridges, the one that has the least mass wins.

Variations:
$ 
Vary the length of the span of the bridge from 8 inches to 24 inches.

$ 
Assign dollar amounts to supplies (wood and glue), and judge the bridges on cost efficiency (cost per pound of load held).

Products for this competitive event can be found in the Pitsco Competitive Events Theme Catalog.
FAILURE BY DESIGN
Toothpick Bridge Building
courtesy of Pitsco (www.pitsco.com)

Objective:
Design and engineer a bridge using toothpicks (or Blunt End Structure Sticks) to hold as much mass as possible over a span of 6 inches.

Construction:
1. 
The overall width of the bridge may not exceed 3 inches.

2. 
The overall length of the bridge may not exceed 9 inches.

3. 
The bridge shall allow a 1-inch wide x 3/4-inch thick board to pass through it over the roadbed.

4. 
The bridge shall have no structures below the abutments that support the bridge.

5. 
The bridge shall allow a 3/8-inch bolt to pass through the center of the bottom of the bridge unobstructed (for testing).

6. 
The bridge shall be constructed entirely of toothpicks (or Blunt End Structure Sticks).

7. 
Any common adhesive may be used at the joints of the wood members.

8. 
Adhesives may be used only at joints.

9. 
The mass of the bridge may not exceed 20 grams.

Competition:
1. 
The mass of the bridge will be determined before testing.

2. 
The bridge will be tested using a 1-1/2-inch wide x 4-inch long x 3/4-inch thick wood block with a hole in its center for the testing mechanism.

3. 
The bridge will be placed on the bridge tester, with the span set at 6 inches.

4. 
The teacher will attach the testing mechanism to the bridge.

5. 
When the testing mechanism is ready, the student will begin to add sand to the bucket at the rate he or she chooses.

6. 
There will be a 5-minute time limit on adding sand to the bucket.

7. 
The student will continue to add sand to the bucket until the bridge collapses and the bucket falls.

8. 
The mass of the sand will be measured.

9. 
The bridge supporting the greatest load is the winner.

Variations:
$ 
Vary the length of the span of the bridge.

$ 
Assign dollar amounts to supplies (toothpicks and glue) and judge the bridges on cost efficiency (cost per pound of load held).

$ 
Model the bridge after a local or famous bridge.

Products for this competitive event can be found in the Pitsco Competitive Events Theme Catalog.
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