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Structural Engineering

Bridge Challenge

Introduction

Through the bridge project, the student will gain exposure to the engineering discipline problem-solving steps:  Discuss, Design, Analyze, Build, and Test.

Working as engineering teams, the students will gain hands-on experience in discussing, designing, analyzing, building, and testing small bridges.  With the information presented to them in class, they should be able to build a bridge using tension, compression, and shear members.  The objective of this project is to build the most efficient bridge (holds most weight compared to its weight) possible, using the limited materials provided.

In real engineering problems, the direct cost of a project is typically based on how much it weighs.  Therefore, engineers strive to produce structures that are lightweight but still are capable of carrying their applied loads.

Project Statement

Design and build a bridge structure, using only the provided materials, that meets the following requirements:

1) The bridge must be capable of spanning a clear opening 16 inches long.

2) The minimum bridge width and height is 2 inches.  

3) No wood piece is to exceed 6 inches in length.  

4) Provisions must be made in the design to accept the testing device.

See Figures 1 and 2 for illustrations.

The bridge with the highest structural efficiency wins.  Efficiency is measured by dividing the weight the bridge holds by its own weight.  

Materials:

Balsa Wood



4 beams (1/8 X 1/4 X 36”)

String




60 inches

Cardboard (manila folder paper)
1  8 ½ X 11” sheet

Paper (plain xerox paper)

4  8 ½ X 11” sheets

Glue






Exacto knives/razor blades

Sandpaper

Manila envelope (to hold small pieces)

Long strip of cardboard (for taping drawing down)

Hints:

· The key to winning may lie in developing the lightest bridge—not necessarily the strongest.

· Truss structures are very efficient.  See examples of real bridges.

· The weak link in most structures is the joints—make them strong!  (Make the joints work in shear by joining the wood members with gussets of small cardboard squares and triangles.)

· Use paper for shear.

· Use wood for tension and compression.

· Use string for tension only.

· Number each piece of wood on your drawing.  Mark off each piece on the balsa beams, and number each piece before you do any cutting.  (Remember that the bridge has two sides!)  This will help you keep track of small pieces, and ensure that you have enough wood to build your bridge.

· Calculate the total amount of wood required to build your bridge before you start marking the wood.  

· A bridge that spans 16 inches needs to be longer than 16 inches.

The Bridge Drawing

Bridges should be built as your drawing specifies.  If there is a design change to the bridge, the drawing must also show the change.  The bridges should be checked to ensure that they are built according to the drawings.

Begin the design process with a few rough sketches.  Once the design is firm, convert the sketch to a small-scale drawing that illustrates the top, side, and bottom views.  Use the small-scale drawing to measure how much wood the design will need.  Convert the drawing to full scale and use it to build the bridge.

Testing

The bridges should be discussed in class before they are tested.  Discuss the design and how it may work.  Which members will be in tension, in compression, and in shear?  How may the bridge fail?  How much load do you think it will carry?

Test:

· Weigh the bridge.

· Install the testing device.

· Set the bridge evenly across the 18-inch span.

· Begin adding weight.

· Record the weight at which the bridge failed. 

· Divide the failure weight by the bridge weight to determine the bridge efficiency.

Bridge Evaluation

Display your bridge on a table, with your team names and bridge number written on a paper next to the bridge.

1. In your notebook, sketch a side view of each bridge.  List the bridge number and builders’ names under each sketch.

2. Rate the top three bridges in each of these areas:  strength, efficiency, and aesthetics (appearance).  List the number of the bridge in the appropriate box below.

	
	Strength
	Efficiency
	Aesthetics

	#1
	
	
	

	#2
	
	
	

	#3
	
	
	


Be prepared to defend your choices!
3. Choose three bridges from the table above (one from each category).  Analyze their strengths and weaknesses.  Where do you think they will break?

	
	Strengths
	Weaknesses
	Breakage points

	#1
	
	
	

	#2
	
	
	

	#3
	
	
	


Structural Engineering

Bridge Sample Sketch



Structural Engineering:  Calculating Total Wood Required for Project

 Calculate the combined total length of all members used in the structure shown below.

















How many 36” lengths of wood do you need to build this bridge?  Could you build it with the amount of material you will receive for the bridge project?  (Hint:  a2 + b2  = c2)

Hints for the teacher:

· Make sure students have calculated total wood required before you give them the wood.  If they are close to 144”, they should probably re-design, because they will lose bits and pieces on each wood beam, and end up short.

· When they calculate wood required (as in the activity immediately above), they should only include the measurements of the crossbeams on the top and bottom view.  They should include all measurements from the side view.  They must double the side view total, because there are two sides.  If they do this correctly, they should end up answering that they need 8 lengths of 36” wood for the bridge drawn above.  (It actually comes out to a little more than 7, but since they cannot receive part of a beam, the correct answer is 8.)  

· Problem-solving:  Ask them how they could re-design the bridge above so it would meet the requirements of our project (4 lengths of 36” wood).  One thing they will notice is that this bridge is very tall (10”).  They can save a lot of wood by cutting down the height.

· Steps:

1. Introduce the project, show the video (To Engineer is Human, or another bridge video), and discuss tension, compression, and torsion.

2. Show sample trusses, and experiment with the bridge software.

3. Students draw the initial design, either by hand or with the software.  Calculate the wood required, and re-design as necessary. (If they did use the software, they should sketch by hand once their design has been approved).  

4. Students make an actual size drawing.  Tape sheets of graph paper together, horizontally.  This will give them room to work.  Good idea to get strips of cardboard for them to tape the drawings to—makes it easier to keep them in good condition.

5. Students number each piece of wood on the drawing.  For the top and bottom view, number only the crossbeams.  Number all pieces on the side view. 

6. Give out wood as final drawings are approved.  Students should mark each numbered member from the drawing onto their balsa wood, and number each marked section as they go.  Remind them to mark off two of each side view member.

7. Assuming they have enough wood, students can begin cutting the pieces.  Razor blades often work better than exacto knives for this step.  Encourage them to be careful with angled pieces from the side view.  It’s usually better to allow a little extra wood on those pieces, so they can cut and sand the piece to the correct angle, so it will fit smoothly between top and bottom pieces.  Have them write their names on a manila envelope, which they can use to hold all of thei pieces.

8. Glue!  (No superglue or hotmelt glue).  This takes a while!  Best to build the trusses (sides) first, then attach the cross-beams.  

9. Test!  Make sure they have allowed for the testing device in their design!!!
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