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Design Project Assignment:
Trussed Bridge Design
Activities 4 and 5 - Design and Build a Trussed Bridge
Introduction

In these two activities your team will design bridges using the computer, choose an optimum design, choose components to give an adequate safety margin, layout the bridge on paper, and build the bridge according to your plan.
Learning Objectives of the Assignment:

This design project will incorporate skill building, aesthetic and technical considerations, quantitative analysis, and prototyping.  The specific learning objectives are:
Critical Thinking:
· Apply design process to a complex structure.

· Use computer aided design and prototyping to test a design.
Quantitative Literacy:
· Understand scaling processes.  Translate computer calculations of forces on steel members in a “real” bridge to forces our paper members will experience when we load our model bridge.  Use Excel for calculations.
· Practice aesthetic and technical bridge design

Ethics and Social Responsibility

· Understand the need for factors of safety in design and how they are calculated.  Apply to a real situation.
· There are instructions for using the program in Learning Activity #4 in the West Point Bridge Design Manual (available at the website listed in the reading assignments page).  We will also be reviewing how to use the program in class.
Task

· Designing your Bridge 
· Use the West Point Bridge Design Program.  You can download it and use it at home. If desired.
· Constraints:  Use a bridge 12 m.  below the original grade, with a total span of 32 m.  Do not design your bridge with any piers in the water – it must be self supporting between the ends in order for us to be able to test it.  This is highlighted because our competition is more restrictive than what is allowed by the software.
· Test the bridge in the program.  Size the members so that the bridge works.  You must use hollow tubes for the compression members, as paper strips don’t carry compressive force (red color when the bridge is being loaded).  Use carbon steel members (the default material).
· Individual Designs:  Each student will complete at least one bridge design, and then the team will select which bridge to optimize and build. Each team’s writeup must consider 4 dridge designs, so somebody (or the team as a whole) will have to design a 4th bridge.  Document each design by saving a picture in Word (use print screen) and saving the load and cost reports.  You will need to at least have the cost and weight of each bridge as well as the screen shot in your final documentation.  Do this for each of the 4 bridges.
· In addition to this material there will be some other writing components, TBA.
· Choosing a design:  Use a Pugh analysis to document your individual designs and your bridge selection process.  Choose 1 Bridge as the Final Design.
· ​Scaling your design
· When you are satisfied with your design in the program, open the load report and copy it to the clipboard (hit the copy button in the Report/Load Test chart).  Then open MS Excel and click the top right cell.  Select the command Edit/Paste Special/Text and the chart should appear in the Excel file.  You can use this file to scale the loads to relate to your test loads.  Also save the bridge design itself, a screen shot of the bridge, and the cost report.  Make an additional column for the file giving the member lengths you will be using in your model (multiply given lengths by 0.8/32).
· In order to scale the program’s bridge design to the prototype you will be building, you will multiply all the dimensions in the program by a scale factor of 0.8 m/32 m.  Thus, all the bridges designed by the class will have a span of 0.8 m, and the distance between all the deck beams will be 100 mm (10 cm).  

· Scale the forces obtained in the load test to a force of 10 kg/total test load for one truss.  You will be given a formula to compute the total test load.  Then multiply member forces in the test load report file by this factor to get approximate member forces for your truss.  Use your member capacity graphs to size the members.  If some of the members are overloaded, reduce the test load from 10 kg so that all the members will work. This is all described in the notes for Monday, Nov. 19, 2007. See the Daily Record for a copy.
· Building your bridge
· Layout your truss design using metric graph paper.  You will need to tape the graph paper together to span the entire truss.  Use a layout technique similar to that used for the sample trusses in the website.  Make sure that member centerlines meet at a point at the joints, or your truss will have problems.

· Build your truss using manila file folders.  For instructions on how to build the various members and connect them, refer to the sample truss instructions in Learning Activity #1 in the West Point Bridge Design Manual.  A copy will be available in the classroom. Cross bracing between the trusses is important for stability.  For simplicity, use an x-braced scheme for the cross bracing similar to the sample truss.  Use the same deck beams outlined for the sample truss (6mm x 15 mm).  
· Testing:  
· We will test the model bridges on Thursday December 6 (12:20-14:20) this is the date and time scheduled for finals. Here is no final, but we will use this ntime to see if you came close to determining the truss capacity.  Bridges will be graded on whether they work and the cost.  An additional bonus will be given to the most attractive.
Materials Needed:  Same as for the first bridge.
