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Module Summary

Overview of Module

Student will learn the basics of Transportation Maintenance within the transportation industry.  The activities in this module explore transportation maintenance within the public works sector, Smart Bridge design, and railroad efficiencies.  Optional activities could include guest speakers on numerous topics and field trips to a bridge or rail yard prior to having the students complete lessons two or three as well as extra activities inside each lesson to gain more in depth knowledge on any one topic.  
Primary Career Cluster:  Transportation, Distribution, and Logistics
Primary Career-Cluster Pathways:  Facility and Mobile Equipment Maintenance

Related Occupations:  Civil Engineer, Facility Maintenance Manager and Engineer, Aircraft Mechanics and Service Technicians, Automotive Master Mechanics, Automotive Specialty Technicians, Avionics Technicians, Bus and Truck Mechanics and Diesel Engine Specialists, Electrical and Electronics Installers and Repairers- Transportation Equipment, Electronic Equipment Installers and Repairers- Motor Vehicles, Mobile Heavy Equipment Mechanics, Motorboat Mechanics, Motorcycle Mechanics, Signal and Track Switch Repairers, Rail Car Repairers, Rail-Track Laying and Maintenance Equipment Operators, Recreational Vehicle Service Technicians

Recommended Grade Level: Middle School

Recommended Subject Areas:  Transportation and Logistics, Introduction to Technology, and Technological Systems

TDL Cluster Knowledge and Skills and Performance Elements Addressed

· ESS01.01 Complete required training, education, and certification to prepare for employment in a particular career field.

· ESS01.03.04 Apply data and measurements to solve a problem.
· ESS02.02 Demonstrate use of the concepts, strategies, and systems for obtaining and conveying ideas and information to enhance communication in the workplace.

· ESS02.04 Evaluate and use information resources to accomplish specific occupational tasks.

· ESS02.07 Interpret verbal and nonverbal cues/behaviors to enhance communication with co-workers and clients/participants.

· ESS03.01 Employ critical thinking skills independently and in teams to solve problems and make decisions.

· ESS04.02 Employ technological tools to expedite workflow.

· ESS04.04 Operate Internet applications to perform workplace tasks

· ESS09 07 Identify and explore career opportunities in one or more career pathways to build an understanding of the opportunities available in the cluster.
· TRPD01.01  Develop and manage preventive maintenance plans and systems.
· TRPD01.02 Maintain and improve facilities, equipment, and system performance.
Science (NGSS) for “Exploring Transportation Maintenance”:
· 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-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.

· HS-PS2-1. Analyze data to support the claim that Newton’s second law of motion describes the mathematical relationship among the net force on a macroscopic object, its mass, and its acceleration.

· HS-PS3.C: Relationship Between Energy and Forces

· HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.
· 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.
National Learning Standards

International Technology Education Association (ITEA), Standards for Technological Literacy (STL)

· Standard 2--Students will develop an understanding of the core concepts of technology.

· Standard 3--Students will develop an understanding of the relationships among technologies and the connections between technology and other fields of study.

· Standard 6--Students will develop an understanding of the role of society in the development and use of technology.

· Standard 9--Students will develop an understanding of engineering design.

· Standard 12--Students will develop abilities to use and maintain technological products and systems.

· Standard 17--Students will develop an understanding of and be able to select and use information and communication technologies.

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

National Geography Standards: The World in Spatial Terms

· Standard 1  Understand how to use maps and other geographic representations, tools, and technologies to acquire, process, and report information from a spatial perspective.

· Standard 2  Understand how to use mental maps to organize information about people, places, and environments in a spatial context.

· Standard 3  Understand how to analyze the spatial organization of people, places, and environments on Earth's surface.

Common Core Standards
Language Arts
· SL.8.1. Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 8 topics, texts, and issues, building on others’ ideas and expressing their own clearly.
· WHST.6-8.4. Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.

· WHST.6-8.7. Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and generating additional related, focused questions that allow for multiple avenues of exploration.

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.
· A-CED 1. 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. 
· 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).
· S-IC 6. Evaluate reports based on data. 

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

	· Identify the various types of public works careers 

· Differentiate between various types of transportation maintenance equipment

· Identify construction designs of local bridges.

· Explore construction techniques and processes used when building local bridges 

· Understand the importance of proper maintenance.

· Examine the implementation of remote sensors and the role of GPS in the maintenance of bridges.


	· Complete a maintenance inspection of a piece of equipment 

· List proper maintenance and repair practices. 

· List proper railroad maintenance and repair practices.
· Design and test a 3D bridge based on set qualifications.



Measurement Criteria

The students will be tested on their knowledge of transportation maintenance and the skills needed in the career field.  This testing will occur in the form of application during the three lessons of this module.  
· Lesson 1 includes participation during presentation and equipment maintenance activity,   and the Ticket out of Here assignment.  
· Lesson 2 includes participation during the presentation and the Bridge Design Report for assessing the 3D bridge design work.  
· Lesson 3 includes participation during the presentation and the Building the Biggest Railway Worksheet.  
You could also give students a lab grade for their participation/safety during the equipment checklist activity.  No summative assessment is included besides the optional activities.

Teacher Notes

Lesson 1: If you cannot find a piece of transportation equipment to use for a maintenance checkup, you could always contact a local business and see if they could stop by that day and perform if for your students.  The optional activity of re-designing a transportation vehicle is pretty open-ended and could be done in a number of 3D modeling softwares.

Lesson 2: You will want to install the West Point Bridge Builder software prior to class starting.  Also, this lesson would be better served if it were completed after a basic bridge design lesson, such as the Road and Rail Infrastructure lesson on the TransportationCareers.org website.  

Lesson 3: You cannot order the video on the Discovery website but the YouTube links are usually pretty reliable.

Other Items: Contact local railroad/transportation companies are a great way to find a guest speaker and/or field trip location.

Time Required to Complete Module (Estimated):  8 @ 45-minute class periods (360 minutes) to complete the 3 lessons; however, you may elect to use only one of the lessons and the time estimated for that lesson is on the plan.  The optional activities add 15 @ 45-minute class periods (675 Minutes) onto the total time.

Materials Needed

· Transportation Maintenance Equipment PowerPoint Presentation

· NYSDOT Fundamentals of Bridge Maintenance and Inspection PDF

· Railroad Maintenance PowerPoint Presentation

· Building the Biggest Railway Video

· Computers with Internet access and (Optional) computer-aided design or drawing software

· (Optional) Poster board, rulers, various other drawing materials

· (Optional) Cardboard, balsa wood, glue, hobby knife, various other construction materials

	Lesson 1
	Public Works Vehicles and Equipment Maintenance

	Time Estimate:  2 classes @ 45 minute period’s w/optional activities for additional 6 classes @ 45 minute periods.

	Objectives

	· Identify the various types of public works careers 

· Differentiate between various types of transportation maintenance equipment

· Complete a maintenance inspection of a piece of equipment

Optional:
· Redesign a public works vehicle for more efficiency.

	Materials & Resources

	· Transportation Maintenance Equipment PowerPoint Presentation 
· Computers & internet
· Paper and pencils.  
· Pieces of transportation equipment at your school or a local business

· Optional activity will require 3D design software.  
· Websites:  
· http://www3.apwa.net/IAmPublicWorksVideo
· https://www.dot.ny.gov/programs/trns-maint-train/eval-guides  

	Agenda

	Step
	Minutes
	Activity

	1
	15 
	Introduce the topic of Public Works to students.  Use the “I am Public Works” Video found at http://www3.apwa.net/IAmPublicWorksVideo 
Ask students to brainstorm a list of jobs that are considered public works in your community.

	2
	20 

	Guide students into a discussion based on the jobs list brainstormed in Step 1.  This discussion should focus on what types of equipment and maintenance is needed to complete those public works jobs.  
Use the Transportation Maintenance Equipment PowerPoint Presentation to help further understanding and guidance to the topic of transportation maintenance.  Have students take notes (you could give a participation grade for the notes).

	3
	45 

	Have students brainstorm another list of what types of transportation maintenance equipment might be used/housed at your school.  (Instructor note: you will want to make sure you get approval from your school to see if this step is okay.)  
Based on the list generated and what your school has, have students locate the appropriate equipment maintenance checklist from the NYSDOT website: https://www.dot.ny.gov/programs/trns-maint-train/eval-guides  Students then will then go to this piece of equipment in the school and have the school engineer or the instructor give a brief demonstration on how they would perform the maintenance check on that piece of equipment.  If you have time, you could do this on more than once piece of equipment!

	4
	10 

	To wrap-up this activity, have students complete a “Ticket out of Here.”  Students will be asked to answer the following question: What does transportation maintenance mean to you and your everyday life?  
Also students will need to ask one question about the activity that they would like to learn more about.  You can use this as a form of formative assessment.

	Optional Activity
	5
	15 

	Have students select a public works vehicle that is used in their local community and document the various tasks that it performs.

	
	6
	45 

	Have students examine the design of the public works vehicle and determine how it might be redesigned to make it more efficient.

	
	7
	165 

	Instruct students to use computer-aided drawing software to redesign the public works vehicle. Have them then make a chart displaying the current vehicle's design and their design improvement proposal.

	
	8
	45 

	Have students present their ideas to the rest of the class and provide justification for their recommendations.


	Lesson 2
	Smart Bridge Design & Maintenance

	Time Estimate:  4 classes @ 45 minute period’s w/optional activities for additional 4 classes @ 45 minute periods.

	Objectives

	· Identify construction designs of local bridges.
· Explore construction techniques and processes used when building local bridges Understand the importance of proper maintenance.

· List proper maintenance and repair practices.

· Examine the implementation of remote sensors and the role of GPS in the maintenance of bridges.
· Design and test a 3D bridge based on set qualifications.
Optional
· Construct a scale-model of a bridge

	Materials & Resources

	· Website:  

· http://www.pbs.org/wgbh/nova/tech/smart-bridges.html 

· West Point Bridge Builder software available at https://sourceforge.net/projects/wpbdc/ 
· NYSDOT Fundamentals of Bridge Maintenance and Inspection PDF

· Handout 1, Bridge Design Report 

· Computers & internet
· Paper and pencils
· For the optional activity, you will need cardboard, balsa wood, glue, hobby knife, and various other construction materials to construct the bridges.  

	Agenda

	Step
	Minutes
	Activity

	1
	20 
	Introduce the topic of bridge maintenance by having students watch the 10 minutes clip from PBS NOVA on Smart Bridges assessed at http://www.pbs.org/wgbh/nova/tech/smart-bridges.html 

Have students discuss what they saw in the video and ask them to make a list of bridges in their community.

	2
	25 
	Show students examples of bridge maintenance issues by using pages 10 through 25 of the NYSDOT Fundamentals of Bridge Maintenance and Inspection PDF attached in this lesson.  This file also has a good section that introduces bridges terminology if students have not had any exposure to that prior to this lesson.  These examples will give the students a good idea of what causes maintenance issues on bridges.  

Have students take notes (you could give a participation grade for the notes).

	3
	90 
	Have students design and plan a bridge that will be the most inexpensive but safe.  Students will be using West Point Bridge Builder software that you can download at https://sourceforge.net/projects/wpbdc/   

To help focus the students on this project, please tell them that they will have to explain how they plan on monitoring their bridge while in use.  This will be done with a written report and screen capture of their design.  There is a file included in this module entitled Bridge Design Report that will help student’s layout the final project.  I would tell students to use a TRUSS: 24 m Deck, No arch bridge layout so that they are all designing the same kind of bridge.  You could chose to let students do whatever design they want but it is tougher to compare them to one another.

	4
	45 
	Have students share out their designs/results of their bridge designs.  Make sure to focus on the monitoring aspect while assessing each student’s bridge report.

	Optional
	5
	180 
	Direct students to construct their bridge design out of balsa wood, cardboard, or other materials.  Students will then test their bridges for weight when completed.

	
	6
	
	Direct students to identify bridge stress points in their computer-aided design and highlight places on the model where they would place remote sensors to alert maintenance technicians of problems.


Exploring Transportation Maintenance



Handout 1, Lesson 2
Bridge Design Report

Name: __________________________
Date: _________ Class: ____________
Image Directions:  You will need to insert a print screen image of your bridge below into the open space.  To do so, follow these instructions.   1) Once you have the bridge on your screen that you want to copy – press the “prt scr” key (upper right of keyboard).  Note: this step will occur in West Point Bridge Builder Software, all others in this document.  2) Nothing will be visible to you – but you just copied the screen image to the clipboard.  3) Open you document and right click anywhere on the page and select “paste”.  4) Your screen image is now on your document and you can adjust it  by right clicking on it and selecting “format picture”.

Bridge Design Report Write-up Directions:  In the space below, please type a project report about your bridge design.   Be sure to include why you designed it the way you did,  what were the challenges you faced while completing this task, and what types of monitoring are being provided with you design.  Please use complete sentences and give as much information as you think will help describe your completed bridge design.

	Lesson 3
	Efficient Railroad Maintenance

	Time Estimate:  2 classes @ 45 minute period’s w/optional activities for additional 5 classes @ 45 minute periods.

	Objectives

	· Understand the importance of proper maintenance.

· List proper railroad maintenance and repair practices.

Optional
· Explore construction techniques and processes used for building railroads.

· Identify construction designs of past and present railroads.

	Materials & Resources

	· Computers & internet

· Paper, pencils, Poster board, rulers, various other drawing materials, etc.  ,
· Railroad Maintenance PowerPoint Presentation 

· Handout 2, Building the Biggest Railway Worksheet 
· Websites:

· http://www.youtube.com/watch?v=Kss5Qaewcs8  

	Agenda

	Step
	Minutes
	Activity

	1
	25 
	Introduce Railroad Maintenance with the Railroad Maintenance PowerPoint Presentation.  Students should take notes over the presentation (can be used for participation grade).

	2
	45 
	Students will watch the Discovery Channels show entitled Building the Biggest Railway.  While watching the video, students will complete the Building the Biggest Railway Worksheet. The video is broken into 6 parts and can be accessed on YouTube at http://www.youtube.com/watch?v=Kss5Qaewcs8   

Students will be focusing on 10 maintenance or construction facts about railroads that they learned by watching this show.

	3
	20 
	After the completion of the video, please have each student share two or three of their facts.  You may want to have students put their pencils down or collect the sheets first as a way to monitor for participation.  This activity will summarize this topic but further activities are included to expand student learning.

	Optional Activities
	4
	45 
	Have students investigate the history of railroad technology and compare historic construction practices to what is used and done today. Research should be documented.

	
	5
	90 
	Direct students to write a report that outlines current procedures for railroad maintenance. Students should compare railroad maintenance procedures to those required by other rail-based systems (e.g., subways, roller coasters).  

	
	6
	90 
	Instruct students to create a chart displaying the most frequent types of repair procedures and a timeline showing the evolution of rail technology.
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Handout 2, Lesson 3
Building the Biggest Railway Worksheet

Name: _____________________

Date: _____________

Directions: Based on the video you will watch about railroad construction and maintenance, please list 10 facts that you did not know about railroad maintenance or construction prior to watching this video.  Please write your answers using complete sentences.
1) ________________________________________________________________________________________________________________
2) ________________________________________________________________________________________________________________
3) ________________________________________________________________________________________________________________
4) ________________________________________________________________________________________________________________
5) ________________________________________________________________________________________________________________
6) ________________________________________________________________________________________________________________
7) ________________________________________________________________________________________________________________
8) ________________________________________________________________________________________________________________
9) ________________________________________________________________________________________________________________
10) ________________________________________________________________________________________________________________

Teacher                    

   Assessment Material
Final Evaluation Criteria
This will be based on participation, following directions, and overall grasp of principles and concepts of transportation maintenance. You can use a compilation of all of the items completed through-out this module to evaluate the knowledge and growth of each student.  You could assign a point value to all of the activities/projects (see list below).

Activities/Assignments List for this Module:

· Transportation Maintenance Equipment PowerPoint Presentation

· Lab safety during transportation equipment check

· Bridge Fundamentals Review
· Bridge Design Report
· Railroad Maintenance PowerPoint Presentation
· Building the Biggest Railway Video
· Building the Biggest Railway Worksheet
Score Sheet for Assessment on each Lesson’s Activities on following page.

Final Evaluation Scoring Guides 
Grading Score Sheet for Lesson Activities

	Student Name: 
	Scoring

	Activity and Rubric
	1
	2
	3
	4

	Lesson 1, Transportation Maintenance Presentation

Student took legible, intelligent notes and participated fully in class discussion over the given topic.
	
	
	
	

	Lesson 1, Lab Safety

Student followed all safety rules and procedures during transportation equipment maintenance check.  Student was not a distraction to class/instructor.
	
	
	
	

	Lesson 2, Smart Bridge Video and NYSDOT Presentation

Student took legible, intelligent notes and participated fully in class discussion over the given topic.
	
	
	
	

	Lesson 2, Bridge Design Report

Student put time and effort into completing Bridge Design Report.  Complete sentences were used and a screenshot was properly inserted.  Special attention was paid by the student to the monitoring and safety of the bridge. 
	
	
	
	

	Lesson 3, Railroad Maintenance Presentation

Student took legible, intelligent notes and participated fully in class discussion over the given topic.
	
	
	
	

	Lesson 3, Building the Biggest Railway Video & Worksheet

Student was attentive throughout entire video and completed the assignment with 10 original thoughts on the video.  These facts were written in a legible format and were composed of complete sentences. 
	
	
	
	

	Total points
	/24

	Scoring Legend:
	1 – Poor
	2 – Average 

	3 – Above Average
	4 – Excellent


A P P E N D I X

Glossary of Terms
See PowerPoint presentations and websites below for complete list of terms.
Websites:

Alternatively Fueled Vehicles, Charlottesville, Virginia. www.charlottesville.org/Index.aspx?page=565.

American Public Works Association, http://www.apwa.net 
American-rails.com, http://www.american-rails.com/railroad-maintenance.html 

American Railway Engineering and Maintenance-of-Way Association, http://arema.org/ 
Hampton Roads Tunnels and Bridges, VDOT. www.vdot.virginia.gov/travel/hro-tunnel-default.asp
The National Railroad Construction and Maintenance Association, Inc, http://www.nrcma.org 
New York State Department of Transportation https://www.dot.ny.gov/programs/trns-maint-train/eval-guides 
Public Works, Danville, Virginia, Motorized Equipment. https://www.danville-va.gov/DocumentCenter/View/20837/8-MotorizedEquipFund_FY18-Adopted 

Public Works, Norfolk, Virginia. www.norfolk.gov/publicworks/.

Public Works, Richmond, Virginia, Snow Removal. http://www.ci.richmond.va.us/PublicWorks/SnowRemoval.aspx .

Railway Technology, Increasing Voltage across the Atlantic. www.railway-technology.com/.

Smart Bridges. www.pbs.org/wgbh/nova/sciencenow/0304/04.html.

Smart Bridges, Smart Tunnels: Transforming Wireless Sensor Networks from Research Prototypes into Robust Engineering Infrastructure. www.cl.cam.ac.uk/~fms27/papers/2009-StajanoHouWasETAL-bridges-PRELIMINARY.pdf.

Smart Roads. Smart Bridges. Smart Grids. www.online.wsj.com/article/SB123447510631779255.html.

The Transfer of Pioneering British Railroad Technology to North America. www.cprr.org/Museum/First_US_Railroads_Gamst.html.

VDOT, Construction and Maintenance. http://www.virginiadot.org/business/const/default.asp. 

VDOT, How a Road Gets Built. http://www.virginiadot.org/projects/pr-howroadblt.asp. 
Woodrow Wilson Bridge Project. https://www.aecom.com/projects/woodrow-wilson-bridge-project/ 
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