ENGR 214: Statics 
Balsa Wood Bridge Project 
What you will have to deliver and when:
	Deliverable/Activity 
	Points 
	Due Date 

	Design Proposal 
	20 
	Friday 11/4

	Bridge Model 
	20 
	Monday 11/14 

	Constructed Bridge (test day) 
	30 
	Tuesday 11/22, Wednesday 11/23

	Failure Analysis 
	30 
	Monday 12/12, Tuesday 12/13 

	TOTAL 
	100 


Introduction 
Each team (2 students) will design a bridge that will be made of balsa wood and wood glue. The bridges will be modeled and optimized using the online modeling software. Teams will then build their bridges out of balsa wood and carpenter glue provided by the instructor. Bridges will be tested to failure and efficiency load will be determined. At the conclusion of the test, each team will be required to perform a detailed failure analysis of their bridge. 

Your team is free to build more than one bridge; however, you will only need to conduct the failure analysis on one of your bridges. 

Design Proposal 
Prior to building your bridge, each team will write a design proposal outlining the specifics of your chosen design. Your design proposal must be typed and should consist of the following: 

• A list of design constraints and objectives. Use the information listed under the bridge construction to help you come up with a complete list. 

Example: 

	Design Constraint 
	Description 

	Materials 
	Bridges will be constructed with balsa wood and glue supplied by the instructor. Balsa wood will be no larger in cross section than 1/8 inch square. 

	Span 
	The bridge must span a gap of 30 cm between two level platforms 


	Design Objective 
	Description 

	Weight of Bridge 
	Keep the weight of the bridge as low as possible in order to maximize the efficiency loading. 

	Aesthetics 
	Bridge should be aesthetically pleasing. 


• Sketches and descriptions of at least three design concepts for your bridge design. 

• One paragraph for each design concept that outlines the advantages and disadvantages of the design, particularly in the context of the structural engineering concepts we have covered in class (e.g. two-force members, truss systems, stress concentrations, etc…). 

• Selection of at least one concept to pursue for your final bridge design and construction. 

• A paragraph explaining why you chose the design you did. 

Bridge Modeling – Optimizing your Design: 
Teams will model their bridges using free online bridge builder software. The software is available at http://www.jhu.edu/~virtlab/bridge/truss.htm. You will want to use the software to model your bridge as closely to the actual design as possible. 

Start with the final design presented in your design proposal. Model the bridge you designed and use the software to determine the forces in each member (a scaled version of your bridge is acceptable). Change the design to see what happens to the forces in the members. Use the software to optimize your bridge design. You will probably need to go through multiple iterations of your design. Keep in mind that you want to keep your bridge as light as possible. 

Summarizing your finding: 

1. Introduction paragraph explaining how you designed your model. Discuss any external loading you applied to the bridge. 

2. Include a printed copy of your original bridge design and your optimized bridge design. If you are not able to improve on your design, you will need to show adequate evidence (multiple plots of designs with higher forces in members). For each bridge, show the forces that exist in the members. 

3. Include a paragraph explaining the difference between the original design and the optimized design. What are the advantages and disadvantages of the designs? 

4. Based on the cross-section of your bridge members, determine the maximum stress in your optimized bridge. Note the location and value of this stress. 

5. From your investigation and preliminary calculations, how and where do you expect your bridge to fail? 

6. Conclusion: summarize your findings. 

Bridge Construction: 
A. Design Specifications: 
1. The bridge will span over a gap of 30 cm between two level platforms (measuring 5 x 15 x 5 cm) on the test stand. Since the span is 30 cm, the bridge will have to be somewhat longer to rest on the platforms. 

2. The bridge supports will only be able to rest on the platforms. No glue or attachments can be made to the top or sides of the test stand. No braces can be placed against the sides of the test stand or extended to the floor. 

3. The minimum bridge width is 5 cm. 

4. There is no limit on height or distance below the test stand (as long as it will allow enough room for the test bucket of sand under the bridge). However, keep in mind that the bridge supports will only be able to rest on the platforms (refer to #2). 

5. The bridge will support a fixed load at the center of the 30 cm span. Since it is not required to support moving loads, the bridge could more properly be termed a structure. No scale path or roadway for movement across the bridge is required. 

6. The loading block will support a concentrated load (bucket of sand) at the center of the 30 cm span. You can support the loading block at the top, middle, or bottom of your structure. Refer to the Testing Requirements section for more information regarding the size and position of the loading block. 

7. The maximum mass of the bridge should not exceed 30 grams (approximately one ounce). 

8. The center span of the bridge cannot deflect more than 2.0 cm below the surface of the platforms. 

B. Material Requirements: 
1. The materials used in the construction of the bridge should consist only of commercially available balsa wood stock and wood glue. The cross section of the balsa stock can be no larger than 1/8 inch square. No other materials are allowed. 

2. The mass of the structure should not exceed 30 grams. 

3. Unlimited lamination (bonding together layers of wood) is not allowed. 

4. No coating the outside of the bridge with glue or paint is allowed. 

C. Performance Goal: 
1. The designs will be judged by measuring the maximum load (at failure) supported at the center of the 30 cm span. This number will then be divided by the initial mass of the bridge to determine the efficiency load. The design that has the best efficiency load will be the winner. 

Efficiency Load = Load Supported (grams) / Mass of the bridge (grams) 
2. The total load supported includes the mass of the bridge, loading block, bucket, and sand. 

3. The mass of the loading block and bucket used to place the load on the bridge is not included in the 30-gram bridge weight. 

D. Testing: 
1. The testing load will be applied using a small loading block that has a bucket suspended below it. Dry sand will be added (by you!) to the bucket at a slow, steady rate until either an audible cracking sound together with visual evidence indicates the failure of some structural member or glue joint of the bridge, or until a suitable reference point on the roadway at the center of the span has been lowered by more than 2.0 cm. All decisions of the judge (instructor) are final. 

2. The loading block will be provided by the instructor. 

3. This loading block is not part of the bridge structure and is not included within the 30 gram weight limit. 

4. The loading block will be placed at the center position of the 30 cm span. It is the designer's responsibility to provide a location to support the loading block. 

5. The dimensions of the loading block are approximately 5 x 5 x 2 cm. A chain is attached from below to the center of the plate as shown in the figure. During loading, the 5 cm edges of the loading plate will be parallel to the longitudinal axis of the bridge. The load will be applied by the means of a loading hook hanging from the eyebolt. 

E. Tips: 
1. Clamp glued pieces for about half and hour (use protective strips to avoid damaging the balsa). If you don’t have any clamps, you can use clothespins. 

2. Reinforce key joints with balsa plates to increase strength. 

3. Design for strength at the load application point. 

4. Design a place for the loading block piece (the loading block is not part of your structure) so that the balsa does not crush under the loading block as the weight increases. 

5. Check your weight well ahead of time. A good plan is to weigh materials and develop a materials budget. Remember to reserve 15% for glue and extra reinforcement weight. 

Failure Analysis: 
Using the failure load, please calculate the following: 

1. Determine the breaking strength of the bridge. You will need to conduct an analysis of the bridge to determine where it broke. Note: The breaking strength of the bridge is not going to be equal to the breaking strength of the balsa wood. We will not be able to determine the material properties of the balsa wood from this test. Why? 

2. Conduct a simple force analysis (method of joints, method of sections) on your bridge. Determine the force in at least 5 key members of your bridge. Use this to determine the stress in these members. 

3. Speculate as to why your bridge failed. Briefly discuss your bridge design – how did it fail? What was the stress in the bridge at the point of failure? How does this compare to the stresses in the other members? Where was the weak link? Did your bridge fail where you expected it to fail? If you made two bridges, how does their breaking strength compare. 

Final Report Poster 
Your Final Report poster (or powerpoint presentation) should include the following: 

1. A basic outline of what you did (project statement, design objectives & constraints, testing method) 

2. A large drawing or photo of your bridge 

3. List of assumptions made for analysis 

4. Detailed calculation showing how you found the breaking strength (stress) and at point of fracture and in key members of your bridge. Show the location of the members on which you chose to conduct the force analysis. Why did you decide to analyze these members? (you may want to show a sketch of your bridge here) 

5. Compare your breaking strength with that of balsa wood. Explain any discrepancies. 

6. Summarize key results (forces/stress in all members analyzed) 

7. Expectations: where did you expect your bridge to fail? Why? Show the model of your optimized bridge design. Compare of your modeled bridge to the actual bridge (did it fail as expected?). 

8. A brief conclusion. 

Note: You may want to include sample calculations on additional paper outlining the steps you took to determine the force and stress in one of the bridge members. 

The report should be submitted in a poster format or powerpoint format. We will discuss the details of this in class. There is a digital camera available to take photos of your bridge before, during, and after testing. We will also be able to use one of our video cameras.
