Careers in Transportation Curriculum Project

Teaching Guide 

For

Road and Rail Infrastructure:  Bridge Design
Revised 2018

Table of Contents

Acknowledgements 

Ben Brachle & Mike Rogers
Bryan Senior High School
(402) 557-3155
benjamin.brachle@ops.org & mike.rogers@ops.org
Reviewed and Comments/Materials provided by Matt Dunning, Lawrence Gardner High School, Topeka, KS.

Teaching Activity 

· Overview of Module

· Module Focus  (Pathway, Job Titles, Related Subject Matter)
· TDL Cluster Knowledge and Skills and Performance Elements Addressed
· Next Generation Science Standards
· National Learning Standards Addressed

· Objectives

· Measurement Criteria 
· Teacher Notes

· Time Required to Complete Module

· Support Materials and Resources Necessary for Completion of Module

Lesson Outline
· Includes  TDL Bridge Unit PowerPoint and TDL Bridge Quiz PowerPoint in separate files for this module
Teacher Assessment Materials

· Final Evaluation which includes measurement criteria

Appendix

Glossary of Terms

Module Summary

Overview of Module

Students will be introduced to road and rail infrastructure, particularly the fundamentals of bridge design.  Students will be required to complete a bridge design project.  

Primary Career Cluster:  Transportation, Distribution, and Logistics

Primary Career Pathway:  Transportation Systems/Infrastructure Planning, Management, and Regulation, Transportation Operations
Related Occupations:   Civil Engineer, Department of Transportation (DOT) Officer, Engineering Technician, Environmental Compliance Inspector, 
Environmental Engineer, Public Transportation Inspector, Railroad Inspector, Regulator, Surveying and Mapping Technician, Traffic Technician, Transportation Engineer, Urban and Regional Planner

Recommended Grade Level: 9th-10th grades
Recommended Subject Areas:  Introduction to Transportation, Distribution, and Logistics, Physical Science Courses, Engineering, JROTC, Geography

Cluster Knowledge and Skills and Performance Elements

· ESS03.01.04 Create ideas, proposals, and solutions to problems.

· ESS03.01.05 Evaluate ideas, proposals, and solutions to problems.

· ESS09.01.02 Demonstrate flexibility and willingness to learn new knowledge and skills.

· ESS10.02.01 Develop goals and objectives.

· ESS10.02.02 Prioritize tasks to be completed.

· TRPE01.01.01 Develop plans to maintain transportation infrastructure.

· TRPE01.01.02 Develop plans for new, improved or discontinued transportation infrastructure (e.g., highways, airports, train terminals, ports, intermodal facilities).

· TRPE01.03.01 Develop plans to improve system utilization and traffic flow.

Next Generation Science Standards

· MS-PS2-2. Plan an investigation to provide evidence that the change in an object’s motion depends on the sum of the forces on the object and the mass of the object.

· MS-PS2.A: Forces and Motion 
· MS-PS2.B: Types of Interactions

· MS-ETS1-1. Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions.

· MS-ETS1-2. Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem. 

· MS-ETS1-3. Analyze data from tests to determine similarities and differences among several design solutions to identify the best characteristics of each that can be combined into a new solution to better meet the criteria for success.

· HS-PS2-4. Use mathematical representations of Newton’s Law of Gravitation and Coulomb’s Law to describe and predict the gravitational and electrostatic forces between objects. HS-PS2.A: Forces and Motion 
· HS-PS2.B: Types of Interactions

· HS-ETS1.A: Defining and Delimiting Engineering Problems

· HS-ETS1-3. 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.
Common Core Standards

Mathematics
· N-Q 1.  Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.

· N-VM-1. Recognize vector quantities as having both magnitude and direction.  Represent vector quantities by directed line segments, and use appropriate symbols for vectors and their magnitudes (e.g., V,(V(, ((V((, v).

· A-CED1.  Create equations and inequalities in one variable and use them to solve problems, including equations arising from linear and quadratic functions, and simple rational and exponential functions.

· A-REI 3. Solve linear equations and inequalities in one variable, including equations with coefficients represented by letters. 
· G-MG 1.  Use geometric shapes, their measures, and their properties to describe objects (e.g., modeling a tree trunk or a human torso as a cylinder).

· G-MG.3. Apply geometric methods to solve design problems (e.g., designing an object or structure to satisfy physical constraints or minimize cost; working with typographic grid systems based on ratios).
National Learning Standards

International Technology Education Association, Standards for Technological Literacy:

· Standard 16. Students will develop an understanding of and be able to select and use energy and power technologies.

· Standard 18. Students will develop an understanding of and be able to select and use transportation technologies.

Objectives

	What I Want Students to Know
	What I Want Students to be Able to Do

	· Understand the fundamental principles of “loads.” 

· Understand the basic fundamentals of bridge design.
	· Design a structurally sound bridge using principles of compression and tension. 

.




Measurement Criteria

Students will be assessed on the bridge design project using the following criteria:

· Bridges will be structurally sound and be able to hold a predetermined dynamic load

· Bridges will be designed to come in under a predetermined budget.  

Teacher Notes

In order to complete this assignment, the West Point Bridge Design software or similar software is required.  West Point Bridge Designer 2007 was used in creating this assignment and can be downloaded for free from the https://sourceforge.net/projects/wpbdc/website   
Time required to complete module (Estimated):  5 50 minute periods
Module Support Materials Summary

· A computer with West Point Bridge Designer 2007 software (or newer version)

· TDL Bridge Unit PowerPoint

· TDL Bridge Quiz PowerPoint

· Handout 1, Criteria for the 1st Bridge Design
· Handout 2, Criteria for the 2nd Bridge Design
	Lesson Outline
	Road and Rail Infrastructure: Bridge Design

	Time Estimate:  250 minutes  (add 2-3 hours if optional activity is done.)

	Objectives

	1. Demonstrate an understanding of the fundamental principles of “loads.” 

2. Demonstrate an understanding of the basic fundamentals of bridge design.

3. Design a structurally sound bridge using principles of compression and tension. 



	Materials & Resources

	· A computer with WestPoinBridgeDesigner2007 software (or newer version)

· TDL Bridge Unit PowerPoint

· TDL Bridge Quiz PowerPoint

· Handout 1, Criteria for the First Bridge Design
· Handout 2, Criteria for the Second Bridge Design


	Agenda

	Step
	Minutes
	Activity

	1
	10
	Introduce/review simple vectors and their relationship to bridge design.

Example: Forces consist of magnitudes and directions, which mean they are vectors.  In order for an object to stay still the forces that act upon the object must equal each other out.  Normally the force of gravity on the car is canceled out by the ground and the car stays still.  When the car is on a bridge, the bridge must counteract the force of gravity on the car.  If the bridge is not designed well enough the force of gravity on the car is greater than on the bridge which can counteract and the bridge fails and the car falls.



	2
	30
	TDL Bridge Unit Lecture using PowerPoint
Note: Be sure to discuss the forces (vectors) shown for both truss and arch bridges. 

	3
	20
	TDL Bridge Unit Quiz PowerPoint (Answers in “Note” section of PowerPoint.)  Should not show answers during presentation. 

	4
	80
	Instructor will distribute “Handout 1” and students will start working on their first bridge design using the WestPointBridgeDesigner2007 software, 24 meter truss bridge. 

	5
	20
	Instructor will grade the first bridge and discuss good and bad designs. (see Handout 1 for grades)

	6
	70
	Instructor will distribute “Handout 2” and students will start working on their second bridge design using the WestPointBridgeDesigner2007 software, 12 meter arch bridge with 8 meter arch abutments. 

	7
	20
	Instructor will grade the second bridge and discuss good and bad designs. (see Handout 2 for grades)

	8
	2-3hrs
	Optional:

Break students up into teams and have them build a model bridge.  (Example materials for students to build the bridge out of are popsicle sticks or balsa wood.)  Then a competition could be held to see how much each bridge could hold.


This Handout will be used in the Lesson, Step 3 and also to grade the first bridge design.

	TRUSS: 24 m Deck, No arch

You must design a TRUSS bridge or grade = 0!

	Grade
	Cost of Bridge

	25
	$190,000

	24
	$200,000

	23
	$210,000

	22
	$215,000

	21
	$220,000

	20
	$225,000

	19
	$230,000

	18
	$235,000

	17
	$240,000

	16
	Working>$245,000



This Handout will be used in the Lesson, Step 5 and also to grade the second bridge design.

	12 m Deck, 8m Arch Ab.

You must design an ARCH bridge or grade = 0!

	Grade out of 25
	Cost of Bridge

	25
	$125,000

	24
	$127,500

	23
	$130,000

	22
	$135,000

	21
	$140,000

	20
	$145,000

	19
	$150,000

	18
	$160,000

	17
	$170,000

	16
	Working Arch Bridge>$180,000


Teacher                    

   Assessment Material
Module Assessment Materials

Final Evaluation Criteria
· Bridges will be structurally sound and be able to hold a predetermined dynamic load.  If the bridge falls, the grade is a “0.”

· Bridges will be designed to come in under the predetermined budget.  

Final Evaluation Scoring Guide or Rubric

See Handout 1 and 2 on previous pages.

Acceptable Student Performance
Students must design a working bridge.  The software will consider the bridge working when you set a dynamic load on the bridge.  In the WestPointBridgeDesigner2007software, a truck will be able to drive over the bridge and safely make it all the way across indicating a successful design. Once the truck is safely across, take down the amount of money used to complete the bridge and compare it to the charts above.  Charts can be modified according to the skill level of the class. 

A P P E N D I X
Glossary of Terms

Compression: The force of compression manifests itself on the top side of the beam bridge's deck (or roadway). This causes the upper portion of the deck to shorten. 

Tension: The result of the compression on the upper portion of the deck causes tension in the lower portion of the deck. This tension causes the lower portion of the beam to lengthen. 
Load: force placed on the bridge when a car or truck passes over it. 
Static Load: Force associated with a load at rest
Dynamic Load: Load characterized by forces in motion. 
Handout 1


Bridge Design Module





Handout 2


Bridge Design Module
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