Names___ANSWER KEY_________

WEST POINT BRIDGE: Partner Assignment
Directions: Form pairs where one person may use this and another may open the West Point Bridge HELP section (worth 1000 points). 

How do we design the best bridge? Let's go on an Information Hunt, looking for clues.

Find the words and definitions in West Point Bridge Design HELP and fill in the blanks below.

1.      Click on HELP. Then select Help Topics.

2.      You can type the word you’re looking for, or scroll down.  Once you see the word, double click on the word you want to look up.

A. Materials: 

1.      Look up materials.  List the 3 different types of materials

2.      Scroll down to Notes and Tips. Read the section. 


List strength and expense for each type of material.

  

	
	Type of material
	Strength (weak to strong)
	Cost (least to most)

	1.
	Carbon Steel
	Carbon Steel
	Carbon Steel

	2.
	High Strength Low-Alloy Steel
	High Strength Low-Alloy Steel
	High Strength Low-Alloy Steel

	3.
	Quenched and Tempered Low-Alloy Steel
	Quenched and Tempered Low-Alloy Steel
	Quenched and Tempered Low-Alloy Steel


B. Cross-Sections

1. Go back to Index. Look up cross-section.  Choose Cross-Section from menu.  List the 2 different types of cross sections. 

2. Go back to Index. Look up cross-section.  Choose the line that names the 2 cross section types. from the menu. 

3. Look for the boxes that describe when it is most economical to use each type of cross section. HINT: The colors are shown when they design their first bridge and test it for forces and stresses. 
	Type of cross section
	Better to use for:

(tension or compression)
	Shown as what color

(blue or red)

	Solid Bar
	Compression
	Red

	Hollow Tube
	Tension
	Blue


C. Engineering Design Process: What are the steps?

1. Go back to Index. Look up engineering design process.  Choose The Engineering Design Process from the menu. 

2. List the 7 steps. 

1. Identify the problem

2. Define the problem

3. Develop alternative solutions

4. Analyze and compare alternative solutions

5. Select the best alternative

6.  Implement the solution

7.  Evaluate the results
How do we optimize our bridge design? Let's go on an Information Hunt, looking for clues.
A.
Find the How to Design a Bridge page from the help index.  What is the objective?

Your objective is to create an optimal bridge design.
B.
Go to each step of the Design Process flowchart.  Read about the step, especially the Notes & Tips section.  Enter one important fact from each step.

¨     Select a Site Configuration

·
Elevation of the deck above the high water level

·
Choice of standard abutments (simple supports) or arch abutments (arch supports)

·
Height of arch abutments (if used)

·
Choice of a pier or no pier

·
Height of pier (if used)

·
Choice one or two cable anchorages or no cable anchorages
¨     Decide on a Truss Configuration

· chords (top and bottom)

· verticals (also called vertical members)

· diagonals (also called diagonal members)

· floor beams

· deck

· pinned support (also called a fixed bearing)

· roller support (also called an expansion bearing)

· abutments (or piers)
¨     Draw Joints

· To draw a joint, you must be in the Drawing Board Mode.
· Joints can only be placed on the snap points on the Drawing Board.  

· Joints cannot be placed outside the maximum and minimum elevation restrictions noted in the Design Specifications.

· Two joints cannot be placed at the same location.

¨     Draw Members

· To draw a member, you must be in the Drawing Board Mode.

· When you create a new member, the member properties currently displayed in the Member Properties lists are automatically assigned to the new member.  These properties can be changed later.  (See Change the Properties of a Member for more information.)

· When you create new members, their member numbers are assigned automatically.  To display the member numbers, click the View Member Numbers button.

· Two members cannot be drawn between the same pair of joints.

· If a member fails the slenderness check, it will be automatically highlighted in magenta.

· If you accidentally draw a member in the wrong location, you can click the Undo button to remove it, or you can delete the member.

· For site configurations with a high pier, members cannot be drawn through the intermediate pier.

· Your structural model can have no more than 120 members.
¨     Load Test Your Design

· The Load Test  button is located on the Main Toolbar.  It can also be accessed from the Test menu.

· The Load Test button and the Drawing Board button work like "radio buttons."  Only one of the two can be depressed at any given time.  When you click one, it remains depressed until you click the other.
¨     Strengthen All Unsafe Members

To determine if any members in your structural model are unsafe, use either of the following two methods:

1. After the load test is complete, return to the Drawing Board and look at the picture of your structural model.  Any member that is  highlighted in red is unsafe in compression.  Any member that is highlighted in blue is unsafe in tension.  If no members are highlighted, there are no unsafe members in your structural model.

2. View the two Load Test Results columns on the right side of the Member List.  Any member highlighted in red is unsafe in compression, and any member highlighted in blue is unsafe in tension.  

To strengthen an unsafe member, use either of the following two methods:

1. Increase the member size.  Choose the next larger member size, then run the load test again to see if the larger member is strong enough.  Repeat the process until the member passes the load test. 

2. Use a stronger material.  If the unsafe member is carbon steel, try changing it to high-strength steel; if it is high-strength steel, try quenched and tempered steel.  Then run the load test again to see if the increased strength of the new material is sufficient.

To use either method, you will need to change the properties of a member.
¨     Optimize the Member Properties

Once your structural model has no unsafe members, your design is successful.  However, your design is not optimum until you minimize its cost.  The first step in optimizing your design is to minimize the cost of your current truss configuration by optimizing the member properties--material, cross-section, and member size.  At this stage in the design process, you should not change the shape or configuration of your current structural model.

To optimize the member properties:

1. Ensure that you understand how the West Point Bridge Designer 2010 calculates the cost of your design.  In particular, understand the trade-off between material cost and product cost.

2. Minimize the material cost.  There are several approaches you might use to minimize material cost; the following procedure is recommended for inexperienced designers:

(1) Start by using the lowest cost (but weakest) available material--carbon steel--for all members.  

(2) Select an appropriate cross-section for each member.  It is usually best to use solid bars for  tension members and hollow tubes for compression members.  For more information, see Solid Bar or Hollow Tube?

(3) Now use a systematic trial and error procedure to determine the smallest possible member size for every member in the structural model.  Starting with a successful design, decrease the size of every member to the next smaller available size.  (See Change the Properties of a Member for more information.)  If the member passes the slenderness check, then run the load test again.  If any member fails, its size is too small; change it back to its previous (larger) size.  For each member that is safe, decrease its size again, and run the load test.  Keep reducing its size until the member fails either the slenderness check or the load test, then increase its size by one.   If you use this process systematically for every member in the structural model, you will ensure that every member is as small (and inexpensive) as it can possibly be without failing.

(4) Finally, go back and check if using either of the other two materials--high-strength steel or quenched and tempered steel--will reduce the overall cost of the design.  Both of these steels have significantly higher yield stress than carbon steel, so using them will allow you to reduce the size of members without reducing their strength.  But both high-strength steel and quenched and tempered steel are more expensive (in dollars per kilogram) than carbon steel.  You will need to use trial and error to determine if the benefit of increased strength is sufficient to offset greater cost of the high-strength steels.  It is permissible to use two or three different materials in the same design.

(5) Once you have adjusted the materials, cross-sections, and member sizes to minimize the material cost of your design, be sure to run the load test once more to ensure that all members are safe.

3. Optimize, based on product cost.  When you minimized the material cost (above), you probably introduced a large number of different products into your design.  Thus, even though your material cost is low, your product cost is probably quite high, and your total cost is almost certainly not optimum.  Use the following procedure to find the best balance between these two competing cost factors:

(1) Check the Cost Calculations Report to see how many products are currently included in your design.  In particular, identify any products that are used for only a few members in your structural model.

(2) Change the properties of these particular members to match the next larger (or next stronger) available product in your current design.  For example, suppose your design includes two 40 mm solid carbon steel bars and four 60 mm solid carbon steel bars.  Change the two 40 mm bars to 60 mm bars.  This modification will increase the material cost somewhat, but will reduce the number of products by one.  This modification will probably not reduce the safety of the structure, since you are making the two 40 mm members stronger.  If the reduction in product cost exceeds the increase in material cost, the change is a good one.  If not, reject the change by clicking the Undo button.

(3) Continue this trial-and-error process of selectively increasing member sizes (or using stronger materials) to reduce the total number of products in the design.  Generally, you will find that reducing the number of products creates substantial cost savings at first; however, as the degree of standardization increases, the cost savings get progressively less.  Ultimately, too much standardization will cause the total cost of the design to rise.  The design that minimizes total cost is the optimum.

(4) Before moving on to the next step in the design process, be sure to run the load test one more time, even if all of your modifications involved making members larger.  Increasing the size of a member makes that member both stronger and heavier.  When member weights increase, the total weight of the truss increases.  As a result of this increase in load, member forces will also increase, and some members which were previously safe might become unsafe.
¨     Optimize the Shape of the Truss

A truss is an arrangement of structural members that are connected together to form a rigid framework.  In most trusses, members are arranged in interconnected triangles, as shown in the example below:

As a result of this configuration, truss members carry load primarily in axial tension and compression.  Because they are very rigid and they carry load efficiently, trusses are able to span large distances with a minimum of material.

Truss Bridges

Trusses have been used extensively in bridges since the early 19th Century.  Early truss bridges were made of wood.  The classic American covered bridges are all trusses, though the wooden truss members are covered by walls and a roof, for protection from the elements.  Later truss bridges were made of cast iron and wrought iron.  Most modern trusses are made of structural steel.  Truss bridges can be found in many different configurations, but virtually all have the same basic component parts.

There are many other types of bridges.  These include beam bridges, arches, suspension bridges, and cable-stayed bridges.
¨     Find the Optimum Truss Configuration

Design is inherently an iterative process.  To achieve a truly optimal design, you will probably need to try many different truss configurations.  As you might guess, however, there are millions of possible configurations, and you probably won't have time to try them all!  How can you find the optimum, without modeling and testing every possible truss configuration?  One approach is to consider alternative configurations in a very systematic way.  Select a configuration, optimize its member properties, and carefully observe how changes in the configuration affected the cost of your design.  Keep track of which changes produce reductions in cost and which do not.  Then use these observations to guide the selection of your next alternative configuration.

To find the optimum truss configuration:

1.  Try a different deck location.  If your first design was a deck truss, try the corresponding through truss configuration, and vice versa. 

2. Try a different standard truss configuration.  For example, if your first design was a Pratt truss, try a Howe or Warren configuration.

3. Try reducing the length of the compression members in the truss.  The compressive strength of a member is a function of its length.  As a member gets longer, its compressive strength decreases substantially--it has much less resistance to buckling.  For this reason, the cost of a truss design can sometimes be reduced by shortening one or more compression members.

4.  Try inventing your own truss configuration, or copy the configuration of an actual bridge.  Here are some examples of actual bridge configurations you might consider:

5.  Recognize that each of these through trusses could also be designed as a deck truss.
¨     Find the Optimum Site Configuration

· The West Point Bridge Designer 2010 allows for 98 possible site configurations, consisting of various combinations of deck elevation, support type, and support height; and four possible load cases, consisting of various combinations of deck material (i.e., deck weight) and truck loading.  The total cost of the bridge equals the site cost plus the truss cost.  Each site configuration supports the bridge in a different way, and thus each one has a different site cost.  Each load case has a different effect on the steel truss, and thus each one is likely to result in a different truss cost.  

· Even though the site cost makes up a substantial portion of the total cost of the bridge, picking the configuration with the lowest site cost will not necessarily result in the lowest total cost.  In general, site configurations that have a low site cost tend to have a relatively high truss cost and vice versa.  

· A site configuration with a high deck elevation will generally have a relatively low site cost, because a higher deck requires little or no excavation.  But a configuration with a high deck elevation also has a greater span length.  A longer span requires a larger, heavier truss, which results in a higher truss cost.

· Arch abutments cost more than standard abutments, and tall arch abutments cost more than short ones.  Thus site configurations that use arches tend to have higher site cost.  But because of the V-shape of the river valley, arch abutments also reduce the span length (for a given deck height)--the taller the abutment, the shorter the span.  Arch abutments also provide more lateral restraint than standard abutments.  Both of these factors tend to cause the truss cost to be less for arches.

· Building a pier in the middle of a river can be quite expensive.  Thus configurations with piers have significantly higher site costs than those without piers.  But the pier also divides one long span into two short ones, and two short trusses are usually much less expensive than a single long one.

· Cable anchorages are also expensive, but they provide for additional support (e.g., the cable supports of a cable-stayed bridge) and thus can reduce the truss cost significantly.

· The choice of deck material affects both the site cost and the loads applied during the Load Test.  Medium-strength concrete is less expensive than high-strength concrete but results in a thicker deck, which is heavier.  High-strength concrete is more expensive but results in a thinner deck, which is lighter.  Thus the less expensive deck material tends to result in a higher truss cost, while the more expensive deck material results in a lower truss cost.

· Your choice of truck loading has no effect on the site cost but will have a significant effect on the truss cost.

· Engineering design always involves tradeoffs, and the tradeoff between the cost of a structure and the cost of its supporting substructure is a critically important aspect of most real-world bridge designs.  

· So which site configuration and load case will result in the lowest total cost?  The only way you can answer this question is by trial and error, combined with careful logical reasoning.  

¨     Choose the Optimum Design

· Selection of the deck elevation, support configuration, and deck material will determine the site cost of your project.  The site cost is displayed at the bottom of the Site Design Wizard and is automatically updated with each change of deck elevation or support configuration.

· An optimal design is one that satisfies all of the design specifications, passes a simulated load test, and costs as little as possible.

· In particular, understand the trade-off between material cost and product cost.

· Student may use any of the above optimization answers as well for this fact. 
¨     Record Your Design

1. Save your design as a bridge design file.    

2. Print a drawing of your design.

3. Print the load test results.
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