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Name: ___________________________
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Wheaton North Geology Seismic Design Competition
Competition Objectives
The objectives of the Wheaton North Geology Seismic Design Competition are: 
1. To promote the study of earthquake engineering among high school students.
2. To provide high school geology students with an opportunity to work on a hands-on project designing and constructing a cost-effective frame building to resist seismic loading.
3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.

Problem Statement
The New Madrid Seismic Zone is a major seismic zone and a prolific source of intraplate earthquakes in the southern and midwestern United States.  The New Madrid fault system was responsible for the 1811–12 New Madrid earthquakes and may have the potential to produce large earthquakes in the future. A building owner owns a parcel of land in the downtown St. Louis area. The building owner wants to construct a cost-effective structure that is designed for seismic loading as there is significant potential for future damaging earthquakes. Your team has been hired to design a building that celebrates modern architectural aesthetics and compliments the breathtaking natural beauty of Southern Illinois. [image: ]

Proposal
Your team has met with the building owner to discuss the basics of the project.  It is now your responsibility to submit a proposal.  The proposal will include a brief description of the project, a discussion about the design process and a proposed structure.  You are in direct competition with other teams so the building owner will not make a final decision until you have designed, developed and tested a scale balsa wood model.  

If the owner chooses to proceed with the services of your team, the details of the proposal will be more clearly defined and a legal agreement between owner and your team will be developed (not really).  A properly prepared legal agreement between the building owner and your team will clearly communicate a project’s terms and conditions while setting expectations for design and cost. The most successful building projects are those where open lines of communication are established, and trust and respect are mutually granted.

PROPOSAL GRADING RUBRIC 
Your proposal will be completed in two phases.  PHASE ONE - Pre-Build: Research and Design.  PHASE TWO - Post-Build: Revenue and Analysis.  Each section of your proposal will be assessed using a 5-level scale.  The criteria to earn a 5 in each section are listed below.
	5 = Extraordinary
	4 = Mastery
	3 = Proficient
	2 = Developing
	1 = Beginning
	0 = No Evidence
A blank template for Phase One and Phase Two will be posted on Google Classroom.  

PHASE ONE - Pre-Build: Research and Design (Due Monday May 8th)
1. Your company information.  Maximum credit will be awarded for information presented in a creative manner (business card, logo, etc.).  Be sure to include:
· Name of the company
· All team member names
· Name of designated company CEO
2. Letter of Intent:  Statement of Problem and Purpose
a. The purpose of the proposal is clearly and correctly stated
b. Makes connections to concepts covered in previous units, or makes connections to applications
c. Written and presented in an exceptionally professional manner.
3. Structural Reinforcement and Alternate Design Research Questions
a. All questions answered in complete sentences.
4. Description of structural engineering design concept
a. Self-created computer generated design or image of well-drawn design.  
b. Predicted Dimensions included (what are your plans?)
c. Key features identified
d. Where the idea came from (a previous design, another team’s design, an existing building, etc.).
e. Includes conclusion about why the structure design was chosen and why you think it will be the most structurally effective.

PHASE TWO - Post-Build: Revenue and Analysis (Due Wednesday May 17th) 
1. Image of completed building
2. Describe the key features of YOUR design.
a. Architecture concept
i. Explanation of aesthetic design and how this design will increase revenue for the building owner
b. Structural concept: 
i. Clear and in-depth explanation of any deviations from original design/proposal and reasons for those changes.  
ii. Clear and in-depth explanation problems associated with building a model to match the proposed design.
3. What happened during YOUR test?  Did any parts of the design seem to fail before the rest? Why?
4. What specifically would you change about your design?
5. Look at the acceleration averages we collected on the test days.  Can you identify a relationship between the force measured by the sensor and design features (height, width, bracing style, etc.)?  Explain by using data.
6. Of all the structures we've seen, which design features were most effective? What made the designs effective?

Final Annual Building Income Results
Because this is a competition, teams will earn points based on their final annual revenue.  The 1st place team will earn the maximum points and the last place team will earn the minimum.  Teams will be scored as follows:
1st Place = 5 (Extraordinary)
2nd Place = 4 (Mastery)
3rd Place = 3 (Proficient)
4th Place = 3 (Proficient)
5th Place = 2 (Developing)
6th Place = 1 (Beginning)

Your grade for this project will be a combination of your proposal and the final annual building income results. For example:
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Model: Strong Ground Motion Testing
To verify the seismic load resistance system, a scaled balsa wood model, representative of the real building design will be constructed and tested. The model will be subjected to multiple ground motions, which represent different return period earthquakes. In order to ensure life safety the building model must not collapse during shaking. 

The building will be subjected to two ground motions of increasing intensity. The structural
response to the two ground motions will contribute to the annual seismic cost. Structures will be subjected to 2 scaled and modified ground motions named Ground Motion 1 and Ground Motion 2. 

1. Ground Motion 1
a. Low intensity
b. 10 seconds
c. Measured with accelerometer (SparkVUE Acceleration Sensor)

2. Ground Motion 2
a. High intensity
b. 10 seconds
c. Measured with accelerometer (SparkVUE Acceleration Sensor)

3. Ground Motion 3
a. If the structural model survives Ground Motion 1 and 2, a third aggressive ground motion will be used to destroy the structure.
b. Ground motion 3 will not be included in the annual seismic cost.

Scoring
A cost-benefit analysis will be carried out to determine the most cost-effective building. This will be done by balancing the revenue with the initial building cost and seismic cost. 
· The Annual Revenue will be computed as a function of the floor area to be sold or rented. Bonuses in revenue will be given to those teams with the best architecture and best proposal. These bonuses account for the positive effect quality architecture and good communication can have on increasing the value of the floor to be sold or rented. 
· The Annual Building Cost will be obtained as a function of the weight of the building model. Penalties that increase the initial cost will be applied to those models that do not meet all the structural model requirements. 
· The Annual Seismic Cost will be based on the building’s seismic performance. Structural damage to the building will be determined by assessing if the structure collapses.  Also, the building is assumed to house equipment that is sensitive to acceleration. Damage to this equipment will be a function of the measured roof acceleration.

The winner of the competition will be the team whose building is not deemed collapsed after all ground motions with the highest Final Annual Building Income. Teams whose buildings are deemed collapsed will be ranked in a lower category than teams whose buildings are not deemed collapsed.


Annual Revenue
1. Rentable Floor Area (see rules for definition of 'rentable')
a. The Annual Revenue is equal to the sum of each rentable floor area multiplied by its respective revenue per square inch factor.
$2000 per year per square inch for floors 1 through 2 
$1250 per year per square inch for floors 3
$1750 per year per square inch for floors 4
$2000 per year per square inch for floors 5 - 6
$2250 per year per square inch for floors 7
$3000 per year per square inch for floors 8 - 10

2. Architecture Bonus
a. The architecture will be judged based on the aesthetic appeal of the structural model.
b. The structures will be judged by Wheaton North Faculty and Students.
c. Bonuses to revenue
		Rank	Bonus %
		 1st	    10%
		 2nd	    8%
		 3rd	    6%
		 4th	    4%
		 5th	    2%
		 6th	    0%
3. Proposal Bonus
a. This bonus accounts for the positive effect of having effective communication skills that could increase the value of the floor to be sold or rented. 
b. The proposal bonus will be awarded based on the proposal accuracy when judged against the teams’ structural model. 
c. Bonuses to revenue
		Rank	Bonus %
		 1st	    10%
		 2nd	    8%
		 3rd	    6%
		 4th	    4%
		 5th	    2%
		 6th	    0%









Annual Building Cost
The Annual Building Cost will be obtained as a function of the Construction Cost, Additional Construction Cost, Land Cost, and Design Life.
1. Construction Cost 		= $50,000 x Weight (grams)
2. Additional Materials		= $200 x centimeters of additional balsa wood
3. Additional Const. Cost		= $200,000 x Number of Violations
4. Land Cost 			= $35,000 x Area of Building Footprint (in2)
5. Design Life 			= 100 years



Annual Seismic Cost
The Annual Seismic Cost will be based on the building’s seismic performance and a calculated Annual Economic Loss.  Models will be exposed to 2 ground motions of increasing intensity.  Economic Loss will be calculated in three ways based on if and when a model collapses.  A Seismic Design Competition Chair deems a structural model has collapsed if any of the following happens: 
· 50% or more of the floors are not level 
· 50% or more of the frame members or walls attached to the base plate are separated from the base plate or the structural model 
· 50% or more of the floor dead loads are considered damaged 

1. Building does not collapse during ground motion #1 or #2.
a. An accelerometer will be attached to the model roof to measure the peak roof acceleration.  The maximum (+) and (-) amplitudes will be averaged.
b. Damage to building equipment will be a function of the measured roof acceleration.  This function is a cumulative normal probability density function relating peak roof acceleration and equipment damage as a percentage of equipment cost and construction cost.  The mean is the average of all max accelerations and Standard Deviation = 0.7
c. The cumulative distribution function will be computed using the NORMDIST function in Microsoft Excel.



2. If the structural model is deemed collapsed after ground motion #1, the Collapsed Building Economic Loss for the given ground motion will be equal to:
2 x

3. If the structural model is deemed collapsed after ground motion #2, the Economic Loss for the given ground motion will be equal to:



Final Annual Building Income
The team with the greatest Final Annual Building Income (FABI) will be the winning team. FABI is equal to the Final Annual Revenue (FAR) minus the Final Annual Building Cost (FABC) and Final Annual Seismic Cost (FASC).
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Structural Model Rules
This section describes the rules and limitations to be followed for the structural model. Most violations will result in penalties added to Additional Construction Costs ($200,000 x V).  Teams will be supplied with 40 - 24” 1/4x1/4 balsa wood sticks and hot glue sticks.

1. Dimensions
a. Min 8 floors (lobby is the 1st floor) + roof
b. Max Building Height = 33" tall
c. Min Building Height = 24” tall
d. Must have a 6" tall lobby
e. Floor Height = 2.5-3" tall
f. Max Floor Area = 8"x8"
g. Min Floor Area = 4"x4"
h. Each violation of this section will result in 5 added to V.

2. 
[image: ]


3. Frame Members
a. Balsa wood is the only allowable material for frame members.
b. Each individual frame member in its final state attached to the model shall fit in a 0.4 in. by 0.4 in. by 15 in. box.
c. No column is allowed to be longer than 15 inches, due to transportation restrictions 
d. Diagonal bracing can be in the vertical or horizontal plane. Bracing cannot be in 3-D as this would obstruct a room. 
e. Each violation of this section will result in 3 added to V.
4. Connections
a. Only glue shall be used between the contact surfaces of individual members.
b. Glue from one connection shall not be in contact with glue from another connection.
c. A frame member shall not have more than 50% of its entire exposed surface area covered with excess glue from connections
d. There are no restrictions on the type of glue.
e. Each violation of this section will result in 3 added to V.

5. Floors
a. A continuous set of perimeter beams shall clearly define the floor where the top of the perimeter beams defines the floor. 
b. The continuous set of perimeter beams will be checked visually.
c. Rentable floor area will be checked with a ruler or other measuring device.
d. Rentable Floor Area
i. Rentable floor area may only be within the continuous perimeter beams of the floor.
ii. Must be level.
iii. Measured perpendicular along the plane of the floor from any perimeter beam, interior beam, or vertical wall member at the floor elevation, no span to another perimeter beam, interior beam, or vertical wall member shall be greater than 4.00 in. 

6. Floor Dead Load Connections
Floor dead loads will be added to the structural model prior to shake testing. The floor dead load will require sufficient support for gravity loading and lateral seismic loading.
a. The floor dead load connection shall be designed so that the bottom of the threaded rod is resting on top of the perimeter floor beams at the following floors: 3, 5, 7, 9
b. The dead weights should be able to be installed and nuts be tightened to ensure a snug fit without breaking any of the connections, frame members, or wall members in the structural model.
c. Each violation of this section will result in 5 added to V.
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7. Base Plate
a. An 10 by 20 inch continuous wood base plate will be provided to attach the model to the shake table.  The base plate will be notched with twenty-five, ¼ holes arranged in a 5 by 5 pattern spaced 2” apart.

8. Roof 
a. The structural model roof plate will be where the accelerometer is attached for shaking. 
b. Your roof must be able to hold the 4 by 4 inch roof plate. Care must be taken when designing the roof beams to allow for two clamps to clamp the accelerometer to two opposing sides of the structural model roof plate. The structural model roof plate shall be level when attached to the structural model.
c. A violation of this section will result in 3 added to V.

9. Building Finish
a. Any violation of this section will result in the team being disqualified. 
b. Paint will be allowed on the building given it is not used in excess.  
c. Spray paint is the preferred/safest method.
d. Any other aesthetic addition must have prior approval from Mr. Hultgren.
e. Violations
i. Polyurethane wood sealers are prohibited
ii. Drips dried onto frame members
iii. Wood grain not visible due to excess paint
f. A violation of this section will result in 3 added to V.






















Basics of Building
Courtesy of Prof. B.F. Spencer, Jr. Department of Civil and Environmental Engineering,  University of Illinois at Urbana-Champaign
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Types of Force
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Strength of Materials
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Seismic Design Competition Schedule

	Unit Day
	In-Class Objectives
	On Your Own

	1
	-Seismic Design Competition Intro 
-PHASE ONE - Pre-Build: Research and Design Proposal (Chromebooks)
	-Work on PHASE 1 of the proposal
-Watch Seismic Design Competition Research and Design Video Notes

	2
	PHASE ONE - Pre-Build: Research and Design Proposal (Chromebooks)
	Finish PHASE 1- Pre-Build: Research and Design Proposal

	2
	-Building Day 1
	Proposal Phase 1 DUE (Classroom)

	3
	-Building Day 2
	

	4
	-Building Day 3
	

	5
	-Building Day 4
	

	6
	-Building Day 5
-PHASE TWO - Post-Build: Revenue and Analysis
	Work on PHASE 2 of the proposal.

	7
	-Seismic Design Testing
-Test Day Data Collection
	Work on PHASE 2 of the proposal.

	8
	-Architecture Voting
-Seismic Design Testing
-Test Day Data Collection
	Work on PHASE 2 of the proposal.

	9
	Work on PHASE TWO - Post-Build: Revenue and Analysis (Chromebooks)
	-Seismic Design Competition Proposal Phase 2 DUE (Classroom)



Seismic Design Competition Proposal Rubric			Team #:____

	Phase One: Pre-Build Research and Design

	Topic
	Extraordinary 
	Mastery
	Proficient
	Developing
	Beginning
	No Evidence
	SCORE

	Company Information
	5
All of the following are included and presented in a creative manner:  
⁌ Name of the company
⁌ All team member names
⁌ Name of designated company CEO
	4
	3
	2
	1
	0
	

	Letter of Intent: Statement of Problem and Purpose
	5
All of the following are included and presented in a creative manner: 
⁌ The purpose of the proposal is clearly and correctly stated
⁌ Makes connections to concepts covered in previous units, or makes connections to applications
⁌ Written and presented in an exceptionally professional manner.
	4
	3
	2
	1
	0
	

	Reinforcement and Alternate Design Research Questions
	5
All of the following are included and presented in a creative manner: 
⁌ All questions are answered in complete sentences.
⁌ All answers demonstrate understanding of concept
	4
	3
	2
	1
	0
	

	Description of structural engineering design concept
	5
All of the following are included and presented in a creative manner: 
⁌ Self-created computer generated design or image of well-drawn design.  
⁌ Predicted Dimensions included (what are your plans?)
⁌ Key features identified
⁌ Where the idea came from (a previous design, another team’s design, an existing building, etc.).
⁌ Includes conclusion about why the structure design was chosen and why you think it will be the most structurally effective.
	4
	3
	2
	1
	0
	

	NOTES:

	Phase Two: Post-Build Revenue and Analysis

	Topic
	Extraordinary 
	Mastery
	Proficient
	Developing
	Beginning
	No Evidence
	SCORE

	Picture of completed building
	5
⁌Digital picture included
⁌ High quality photo
	4
	3
	2
	1
	0
	

	Key Features:
Architecture concept
	5
All of the following are included and presented in a creative manner: 
⁌Explanation of aesthetic design and how this design will increase revenue for the building owner
	4
	3
	2
	1
	0
	

	Key Features:
Structural concept
	5
All of the following are included and answered in complete sentences: 
⁌Clear and in-depth explanation of any deviations from original design/proposal and reasons for those changes.
⁌Clear and in-depth explanation problems associated with building a model to match the proposed design.
	4
	3
	2
	1
	0
	

	Observations
	5
All of the following are included and answered in complete sentences: 
⁌What happened during YOUR test?
⁌Did any parts of the design seem to fail before the rest?
⁌Why?
	4
	3
	2
	1
	0
	

	Future Modifications
	5
All of the following are included and answered in complete sentences: 
⁌ What specifically would you change about your design?
	4
	3
	2
	1
	0
	

	Design Feature Analysis
	5
All of the following are included and answered in complete sentences: 
⁌ Relationship between force and design.
⁌ Data included
⁌ What designs were most effective?
⁌ Why?
	4
	3
	2
	1
	0
	

	Total Proposal Score(100 pts)
	



Final Annual Building Income Results
	Final Rank
	Income Score
	Breakdown
	
	Proposal + Final Income Score (130 pts)

	
	
	1st = 30 pts
2nd = 28 pts
3rd = 26 pts
4th = 24 pts
5th = 22 pts
6th = 20 pts
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Proposal Bonus

Team Name Phase 1 Phase 2 Final Score Rank Bonus Bonus

Team 1 25 44 69 5 2% $9,602
Team 2 365 40.5 77 2 8% $98,560
Team 3 36 485 845 1 10% | $108,000
Team 4 30 38 68 3 0% $0
Team 5 34 385 725 4 4% $18,480
Team 6 27 46 73 3 6% $53,580
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FINAL ANNUAL BUILDING INCOME

Team 1 $528,132| $117,900| Yes $121,826| $288,406.26| DQ | 4
Team2 | $1,379.840| $93.400| No $920| $1,285,519.95| 1 1
Team 3 | $1,209.600| $132.400| No $1,045 $1,076,155.33| 2 2
Team 4 $292,825| $195,100| yes $446,434| -$348,708.86| DQ | 6
Team 5 $480,480| $85,900| yes $257,876| $136,704.32) DQ | 5
Team6 | $1,035880| $126,600| yes $384,753| $524,527.32| DQ | 3
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