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PATHWAY:  
Engineering, Graphics & Design
COURSE:  

Survey of Engineering Graphics
UNIT 10: 

ENGR-SEG-10 Static Analysis & Project: Bridge Design
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Annotation: 
Students will be introduced to statics—the branch of mechanics that considers analyses of loads, such as force, torque and moment, on physical systems in static equilibrium—through the use of puzzles, reading and writing assignments, and individual and group projects. The majority of the work centers around bridge design and application of the concepts founded from Newton’s Laws. 
Grade(s):  

	
	9th

	X
	10th

	X
	11th

	X
	12th


Time:  
20 Hours
Author: 
Dr. Catherine Turner
Students with Disabilities:

For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation.
[image: image2.jpg]% FOCUS STANDARDS




GPS Focus Standards: 
ENGR-SEG-1.

Students will identify the elements of working drawings. 

a) Identify the different types of sectional views and their purposes. 

b) Identify the different types of auxiliary views and their purposes. 

c) Identify pictorials. 

d) Identify various methods of tolerancing. 

e) Read technical blueprints.   

f) Read metric and imperial scales.
ENGR-SEG-3.

Students will draw auxiliary views. 

a) Prepare drawings containing primary and secondary auxiliary views. 

b) Prepare drawings containing auxiliary sections.
ENGR-SEG-4.

Students will draw isometric and oblique drawings. 

a) Prepare, in detail, isometric and isometric exploded drawings. 

b) Prepare cabinet and cavalier drawings.
GPS Academic Standards:
ELA9RL5.
The student understands and acquires new vocabulary and uses it correctly in reading  and writing.
MM1P3.
Students will communicate mathematically.
MM3P1.
Students will solve problems (using appropriate technology).  

MM3P2.
Students will reason and evaluate mathematical arguments.  
MM1P4.
Students will make connections among mathematical ideas and to other disciplines.
SCSh4.
Students will use tools and instruments for observing, measuring, and manipulating scientific equipment and materials.
ELA11LSV1.
The student participates in student-to-teacher, student-to-student, and group verbal interactions.
National / Local Standards / Industry / ISTE:

CTAE-FS-4.
Problem Solving and Critical Thinking: Learners define and solve problems, and use problem-solving and improvement methods and tools.
CTAE-FS-7.
Safety, Health and Environment: Learners employ safety, health and environmental management systems in corporations and comprehend their importance to organizational performance and regulatory compliance.
CTAE-FS-8.

Leadership and Teamwork: Learners apply leadership and teamwork skills in collaborating with others to accomplish organizational goals and objectives.
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Enduring Understandings: 
Comprehension of statics in relation to bridge design provides knowledge in an important engineering field that can be applied to and used within a variety of professional teams. A thorough understanding of the relationships between the forces involved in static equilibrium is vital for achieving proper design of a new structure, in addition to an understanding of the human and economic factors that also affect its design and construction. 
Essential Questions: 
· Why do bridges either collapse or not collapse?

· Why does engineering design require research and development?
· How do we reinforce the design of a structure to hold more weight?
· How do certain human factors impact final products in relation to bridge design and construction?
· Why are prototypes important in new product development? 
Knowledge from this Unit:  
Students will be able to: 
· Understand when objects are in static equilibrium. 

· Conduct scientific inquiry to solve a real-world problem.
· Understand motion and force.
· Relate a historical perspective to being useful in present design.
· Analyze precision, tolerance, accuracy and approximate error in measurement situations.
· Develop an understanding of engineering design.
· Understand the role of troubleshooting, research and development, invention, innovation, and experimentation in engineering design and problem solving.
· Understand the impact of teamwork in engineering problem solving.
· Determine the impact of functionality along with aesthetics.
· Recognize that problems have several design solutions.
Skills from this Unit:  
Students will:
· Determine measurements and design a product through techniques, tools, and formulas.
· Construct a design using knowledge of force.
· Work efficiently and effectively as a team.
· Design and build a prototype that will hold increasing weights.
· Apply an understanding of human factors in design.
· Articulate efficiency ratings and critical load impact on a structure.
· Design and test a structural engineering model.
· Measure and report information from trials and compare results with prototypes.
· Modify and improve a product through data analysis and interpretation. 
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Assessment Method Type: 
	X
	Pre-test

	X
	Objective assessment - multiple-choice, true- false, etc.

	
	__ Quizzes/Tests

_x_ Unit test

	X
	Group project

	X
	Individual project

	X
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	_x_ Self-check rubrics   

_x_ Self-check during writing/planning process

__ Lab Book
__ Reflect on evaluations of work from teachers, business partners, and competition judges

__ Academic prompts

__ Practice quizzes/tests

	X
	Subjective assessment/Informal observations

	
	__ Essay tests

_x_ Observe students working with partners

__ Observe students role playing

	X
	Peer-assessment  

	
	__ Peer editing & commentary of products/projects/presentations using rubrics

_x_ Peer editing and/or critiquing

	X
	Dialogue and Discussion

	
	__ Student/teacher conferences
_x_ Partner and small group discussions

_x_ Whole group discussions
__ Interaction with/feedback from community members/speakers and business partners

	X
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

_x_ Application of skills to real-life situations/scenarios

	X
	Post-test


Assessment Attachments and / or Directions: 
Bridge Pre-Test

Bridge Pre-Test Possible Answers Key

Instructor’s Note: Several assignments listed within the lesson plans below are available for serving as assessments; some may be graded for completion and some for content. The list of all attachments for such assignments is also provided at the end of the ‘Lesson Plans’ section.  Students will take a Post-test at the end of the unit, which is found in the ‘Culminating Performance Task’ section of the unit plan.
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•
LESSON 1: INTRODUCTION TO STATIC ANALYSIS

1.
Identify the standards. Standards should be posted in the classroom.

ENGR-SEG-1.

Students will identify the elements of working drawings. 

a) Identify the different types of sectional views and their purposes. 

b) Identify the different types of auxiliary views and their purposes. 

c) Identify pictorials. 

d) Identify various methods of tolerancing. 

e) Read technical blueprints.   

f) Read metric and imperial scales.
ENGR-SEG-3.

Students will draw auxiliary views. 
a) Prepare drawings containing primary and secondary auxiliary views. 

b) Prepare drawings containing auxiliary sections.
ENGR-SEG-4.

Students will draw isometric and oblique drawings. 

a) Prepare, in detail, isometric and isometric exploded drawings. 

b) Prepare cabinet and cavalier drawings.
2.
Review Essential Questions. Post Essential Questions in the classroom. 
· Why do bridges either collapse or not collapse?

3.
Identify and review the unit vocabulary. Terms may be posted on word wall.
	Abutment
	First Condition for Equilibrium
	Inertia
	Joints
	Members

	Bridge


	Truss
	Metric
	Vector
	Deck

	Center of Gravity


	Load
	Scalar
	Statics
	Chords

	Compression
	Modulus of Elasticity
	Second Condition for Equilibrium
	Tension
	Buckling

	Conservation of Mass or Energy
	Yield Stress
	Static Equilibrium
	Torque
	Iteration

	Deck


	Gravity
	Span
	Triangle
	Pythagorean Theorem

	Gusset plates
	Newton’s Laws of Motion
	
	
	


4.
Give students the Bridge Pre-Test. Refer to the Bridge Pre-Test Possible Answers Key for checking their answers. The pre-test is designed to be graded for effort/completion only and not for knowledge, as it sets a benchmark for learning in this unit. Students will take a post-test after covering all material in this unit plan. 
5.
Present the Minneapolis Bridge Collapse: NASA PowerPoint; this is a short presentation that examines the collapse of the Interstate-35 West Bridge in Minneapolis, Minnesota, in 2007. It encompasses unit vocabulary terms as well as the process of bridge design. Note: this attachment is in PDF format rather than a PowerPoint document. It was obtained from NASA’s website, http://pbma.nasa.gov/docs/public/pbma/images/msm/I-35Collapse_ViTS.pdf. 
6.
Instructor’s note: Ahead of time, print and cut out each vocabulary term and its definition using the Static Analysis Vocabulary Definitions Sheet and place the slips of paper in a small container for students to draw out of. Plan to divide students into groups so that every vocabulary term is distributed. It may be necessary that groups/pairs of students receive two terms each. Students will need internet access to complete the activity.
7.
Divide students into pairs/groups and have one student from each group draw the appropriate number of slips of paper from the container.  
8.
Instruct each group to research the term/phrase on the internet for about ten minutes and write down ten facts about the word. The facts should be taken back to the classroom where the students construct a poster showing the top three most important facts about the vocabulary term/phrase. Students should assess their work using the Vocabulary Poster Self-Grading Rubric Worksheet, which may be turned in for a completion grade.
9.
Place the posters around the classroom and advise students to study each others’ posters and take notes for ten to fifteen minutes. Have students complete the Static Analysis Crossword Puzzle Online Activity. Students’ exploration of posters should help them with completing the crossword puzzle; however, a computer lab with internet access is necessary. 
10.
Distribute new copies of the Vocabulary Poster Self-Grading Rubric Worksheet. Students are to evaluate another team’s poster using the rubric to turn in for another completion grade. 
•
LESSON 2:  EXPLORING FILE-FOLDER BRIDGES 

1. Review Essential Questions. Post Essential Questions in the classroom.
· Why does engineering design require research and development?
2.
Present the Designing and Building File-Folder Bridges PowerPoint.  
3.
Have the students form teams and follow the directions (provided in the PowerPoint) to build and then test a file-folder bridge. A completion grade is recommended. 
•
LESSON 3: FORCE FACTORS OF BRIDGE DESIGN—TEAMWORK & SOFTWARE USE 

1. Review Essential Questions. Post Essential Questions in the classroom. 

· How do we reinforce the design of a structure to hold more weight? 
2. Instructors have options to carry out this lesson’s activity. (1) Instructors may download the free software called West Point Bridge ahead of time in a computer lab with internet access; (2) have students download the software themselves when in a computer lab; (3) assign students to complete this activity outside of class as homework. The software is available on the website, http://bridgecontest.usma.edu/. 
3. Divide students into groups of two or have them pair up themselves. Distribute the West Point Bridge Partner Assignment Worksheet. This may take students a good bit of time to complete; they will use the information, index, and glossary of terms provided by the West Point Bridge software to complete the worksheet, which also contains step-by-step instructions for navigating through the software.

4. Instructor’s Note: Instructors may choose to also distribute to students the West Point Bridge Partner Assignment Answer Key once each pair of students has completed the worksheet. The answer key contains some content in a “reader-friendly” format which may help students clarify the larger picture of statics and bridge design. Instructors may prefer to have students turn in their completed worksheets to mark any errors and/or provide constructive comments before allowing them to read the answer key; this may help students better absorb the information by comparing and contrasting an answer marked wrong with the correct one.   
5. Have students turn the assignment in for a grade. 
· LESSON 4: BRIDGE DESIGNING AND ECONOMIC FEASIBILITY 

1. Review Essential Questions. Post Essential Questions in the classroom.

· How do certain human factors impact final products in relation to bridge design and construction?
2. Distribute the Dunlap’s Creek Bridge Assignment Handout. Students will need to research Dunlap’s Creek Bridge on the internet. The handout consists of a proposal to design a bridge to replace a historic bridge called Dunlap’s Creek Bridge. Upon completion of the design, students will write a short paragraph justifying that their design is the most economically feasible one possible. Directions are provided for students on the handout. 
3. A completion grade is recommended; instructors have the option of having students construct their bridge design using the software of their choice, West Point Bridge software, or drafting equipment.  

4. Distribute the Bridge Under Budget Assignment Handout to give students the challenge of designing a bridge under a specified budget. They may construct a bridge of their own design or build one from a template of the West Point Bridge Software. They should design a bridge for each of the following budgets (detailed instructions are provided on the handout): 
· Less than $200,000

· Less than $180,000

· Less than $175,000

5. Have students turn in their budgeted designs for a grade. 
· LESSON 5: STUDYING THE SUCCESS OF FAMOUS BRIDGES 

1. Review Essential Questions. Post Essential Questions in the classroom. 
· Are prototypes important in new products’ development? Why or why not? 
2. Have students use the internet to locate a simple famous bridge and write a three- to five-sentence paragraph detailing why the bridge is famous. Have students draw their bridges in the software package available or on drafting equipment. Students are to use the Famous Bridge Self-Grading Rubric Worksheet to assess their performance and turn in for a completion grade. Note: The amount of time required for each student to complete this assignment may depend on the skill-level of each student. 
3. Summary: Ask the Essential Question from the first lesson again—why do bridges either collapse or not collapse? Hold a class discussion.

•
ATTACHMENTS FOR LESSON PLANS:
Minneapolis Bridge Collapse: NASA PowerPoint

Static Analysis Vocabulary Definitions Sheet
Vocabulary Poster Self-Grading Rubric Worksheet
Static Analysis Crossword Puzzle Online Activity
Designing and Building File-Folder Bridges PowerPoint
West Point Bridge Partner Assignment Worksheet 
West Point Bridge Partner Assignment Answer Key
Dunlap's Creek Bridge Assignment Handout
Bridge Under Budget Assignment Handout
Famous Bridge Self-Grading Rubric Worksheet
Georgia Standards Physics: Optional Material Handout
•
NOTES & REFLECTION: 

If you have a very advanced class, several static-based design plans—individual and team—are available on www.tryengineering.com, including Ferris Wheel or Popsicle bridge plans. Also, the attachment Georgia Standards Physics: Optional Material Handout consists of the Georgia Standards for the physics class that covers similar material. It contains an excellent culminating task for team design of a suspension bridge and a similar design for the Mars environment. The writer of this unit uses all these lesson plans in this course and has found that the times are very fluid, dependent on the class as there are so many variables in a CTAE classroom. Few classes have made it through all the assignments as well as the additional assignments provided.
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Culminating Unit Performance Task Title: 
Bridge Post-Test
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
The post-test is very similar to the pre-test questions. This provides insight into what has been retained by the students over the course of the unit plan. The Bridge Pre-Test Possible Answers Key may be used as a key for the post-test, as well. 
Attachments for Culminating Performance Task: 
Bridge Post-Test 
Bridge Pre-Test Possible Answers Key
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Web Resources:
Source for the Minneapolis Bridge Collapse: NASA PowerPoint: “A Half-Inch to Failure: Minneapolis Bridge Collapse,” September 2009. Bryan O’Connor and Jim Lloyd, Safety and Mission Assurance. Online, http://pbma.nasa.gov/docs/public/pbma/images/msm/I-35Collapse_ViTS.pdf. 
http://bridgecontest.usma.edu/
www.tryengineering.com
Materials & Equipment: 
· Computer lab with internet access

· File-folders, scissors, glue, or Popsicle sticks (dependent on which bridge-design problems are chosen)

· Drawing equipment or software

· Printer(s)

· PowerPoint presentation media (i.e., means to show a PowerPoint presentation)

21st Century Technology Used: 
	x
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	
	Interactive Whiteboard
	x
	Calculator
	x
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	x
	Image File(s)

	
	Web Design Software
	
	Blog
	
	Video

	
	Animation Software
	x
	Wiki
	x
	Electronic Game or Puzzle Maker

	
	Email
	x
	Website
	
	


[image: image8.jpg]



Engineering & Technology











	CTAE Resource Network
	Survey of Engineering Graphics • Grades 10-12 • Unit 10
	Page 7 of 8



