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PATHWAY:  
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COURSE:  

Plumbing I

UNIT 3.4: 

Plumbing Material-Copper Pipe & Fittings
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Introduction

Annotation: 

This unit discusses the materials, schedules, and properties of copper piping, fittings, and valves. Students will learn how to measure, ream, cut, join and groove copper piping, as well as how to hangs and support copper piping.

--Prior to this training, it is recommended that the student have successfully completed Core Curriculum; Plumbing Level One, Modules 02101-05 through 02105-05.


Grade(s): 
	
	9th

	
	10th

	x
	11th

	x
	12th


Time:  Each lesson should take 2 ½ hours with the total time for this unit being approximately 20 hours.

Author: Jim Steel- Lee County High School-9th Grade Campus

Additional Author(s): 


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.

Focus Standards

GPS Focus Standards: 

ACT-P1-3. Students will become familiar with the selection, handling, storage, and proper use of plumbing related construction materials. 
a. Install pipes, fittings and valves, hangers, supports, fixtures, and appliances. 

GPS Academic Standards:

SSCG15. The student will explain the functions of the departments and agencies of the federal bureaucracy. 

SEV4. Students will understand and describe availability, allocation and conservation of energy and other resources.

National / Local Standards / Industry / ISTE:

NCCER 02107-05 Copper Pipe and Fittings


Understandings & Goals

Enduring Understandings: 
· The goal of the plumber is to protect the health, safety, and comfort of the nation, job by job.

· Proper understanding of the basics of cutting, measuring and installing plumbing materials is essential to the success of a plumber.
· Working safely with a variety of materials and tools is essential to the success of a plumber.


Essential Questions: 

· How does having an intimate knowledge of the correct procedures for cutting, measuring and installing plumbing materials contribute to the success of a plumber?

· Why should working safely be on the forefront of every plumber’s mind?

· Why is the responsibility of each person to be safe?

· How can you contribute to the health, safety and comfort of the nation, job by job? 

Knowledge from this Unit:  
Upon completion of this unit, the student will be able to do the following:

· Identify the types of materials and schedules used with copper piping.

· Identify the material properties, storage, and handling requirements of copper piping.

· Identify the types of fittings and valves used with copper piping.

· Identify the techniques used in hanging and supporting copper piping.

· Properly measure, ream, cut, and join copper piping.

· Identify the hazards and safety precautions associated with copper piping.


· Select the correct hanger or support for the application.
· Select correct types of materials for copper piping systems.

· Identify types of fittings and valves and their uses.

· Select the appropriate personal protective equipment for working with copper piping.

Skills from this Unit:  
Under the supervision of the instructor, the student should be able to do the following:

· Correctly measure, cut, ream, join, and groove copper piping.


Assessment(s)

Assessment Method Type:  
	X
	Pre-test

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

	
	__ Quizzes/Tests

__ Unit test

	
	Group project

	X
	Individual project

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

	
	__ Self-check rubrics   

__ Self-check during writing/planning process

__ Journal reflections on concepts, personal experiences and impact on one’s life

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

__ Academic prompts

__ Practice quizzes/tests

	
	Subjective assessment/Informal observations

	
	__ Essay tests

__ Observe students working with partners

__ Observe students role playing

	
	Peer-assessment  

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

__ Peer editing and/or critiquing

	X
	Dialogue and Discussion

	
	__ Student/teacher conferences

__ Partner and small group discussions

__ Whole group discussions

__ Interaction with/feedback from community members/speakers and business partners

	
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

__ Application of skills to real-life situations/scenarios

	X
	Post-test


Assessment(s) Title:

· Each section has a quiz over the material covered.

· At the end of the module, there is a trade term quiz to be covered.

· Performance Tests and Written test

Assessment(s) Description/Directions:

· Section quiz: Have students complete the section quizzes

· Trade Term Quiz: have students complete the trade term quiz

· Performance tests and written tests are found in the Testing Booklet 

Attachments for Assessment(s): 

Learning Experiences
Sequence of Instruction

Safety considerations:

Ensure that students are equipped with appropriate personal protective equipment, and they are properly instructed on its use. Emphasize safety precautions specific to pipe-cutting operations. Stressed the importance of following manufacturer's recommendations when cutting or sawing pipe or when using any flame, heat, or power tools. Remind students of the environmental and physical hazards related to working soldering work.


 Lesson 1: Introduction to Copper Pipe


1.  Identify the Standards. Standards should be posted in the classroom for each lesson.
2.  Review Essential Questions.
3.  Identify and review the unit vocabulary. 
Many of the terms used in this lesson were introduced in the Core Curriculum module. Additional terms for this are:

ACR     Drawn copper     Annealing     ACR tubing     Nominal size     Formability  
4.  Lesson content: Introduction to Copper Pipe

Review the basic uses and advantages of copper piping. Emphasize the importance of checking political grounding when working with copper pipe. Discuss and explain approved lockout/tag out procedures.

A. Types: Explain the difference between the terms tubing and piping. Discuss the types of copper tubing and how each type represents a series of sizes with different wall thickness is. Discuss and explain the difference between drawn copper and annealed copper, and how each is produced.
B. Sizing: Explain how nominal sizes are used to measure copper piping. Discussed the difference between outside and inside diameter, and explain which to use when ordering pipe.
C. Labeling: Explain how copper piping is labeled, interview the information that is identified on these labels.
D. Applications: Using tables 1 on page 7.3, discuss local copper tubing color codes. Instruct students how to refer to local code when selecting the appropriate copper pipe toward application.
E. Material Storage and Handling: Review techniques for safe storage and handling of copper pipe.
F. Performance Testing (Task 1)

Lesson 2: Fittings and Valves


1.  Identify the Standards. Standards should be posted in the classroom for each lesson.
2.  Review Essential Questions.
3.  Identify and review the unit vocabulary. 

Many of the terms used in this lesson were introduced in the Core Curriculum module. Additional terms for this are:

Pressure drops     Compression joint     Ferrule     Drop-forged     Roll grooved     Bullhead tee     
4.  Lesson content: Fittings and Valves

Using table 2 on page 7.5 review the common types of copper fittings and their uses.

A. Water Supply Fittings:  Explain dielectric unions may not be used in hot water systems. Explain when solder and adapter fittings may be used. 
B. Water Supply Valves: Review the four valve methods used to control flow through a piping system:

· Move a disc or plug into or against a passageway.

· Slide a flat cylindrical or spherical surface across a passageway.

· Rotate a disc or ellipse around the shaft extending across the diameter of the pipe.

· Move a flexible material into the passageway.
Discuss the common files used for lines:

· Gate


· globe

· Ball

· compression, stopped, and waste

· check

· stop

C. DWV Fittings: Review the common types of DWV fittings and their uses.
D. Alternative Fittings:  Explain how press fittings and Bullhead tees are formed. Discuss problems that can result tee fittings are not properly installed. Bring in a tee-pulling tool. Demonstrate how to use this tool to drill into a section of pipe and created a connection.  Discuss the advantages of creating one brazed joint to form the tee connection.
E. Performance Testing (Task 2): Emphasize importance of working with the instructor, practicing safety precautions, and performing all the tests that the student has been trained to do.

Lesson 3: Measuring, Cutting, Bending, Joining and Grooving


1.  Identify the Standards. Standards should be posted in the classroom for each lesson.
2.  Review Essential Questions.

3.  Identify and review the unit vocabulary. 

Many of the terms used in this lesson were introduced in the Core Curriculum module. Additional terms for this:

Sizing tool     Sweat joint     Flare Joint     Capillary action          
4.  Lesson content: Measuring, Cutting, Bending, Joining and Grooving

Emphasize importance of working with the instructor, practicing safety precautions, and performing all the tests that the student has been trained to do.

A. Measuring: 

Review the methods for measuring copper pipe:

· End -to -End

· End -to -center

· center -to -center

· End –to-face

· Face-to-face

· face-to-back

· Center-to-face

· End-to-back

Set up stations with sections of copper pipe and tools for measuring. Have students practiced measuring the sections of pipe using the various methods. Have students compare their measurements to check for accuracy.
B. Cutting:  Discuss the different types of tools used to cut copper include: handheld tube cutter, internal tube cutter and hacksaws. Review the steps to use a handheld tube cutter. Explain how to cut larger size drawn tubing. Using a handheld tube cutter, demonstrate how to cut copper tubing, and explain why this tool is preferred to a hacksaw or midget cutter. Using an internal tube cutter and a sizing tool, and demonstrate how to trim the extended ends and how to bring a deformed pipe back into roundness.
C. Bending: Using a section of copper pipe, demonstrate how to bend the pipe without flattening the tube. Discuss the advantages of bending, rather than cutting, copper pipe. Explain have to use a tube bending spring to prevent the pipe from collapsing.
D. Joining:  Review the techniques used to join copper pipe:

· Soldering: Explain how the soldering process works, and discuss methods and materials used to solder copper pipe. Bring in and demonstrate how to safely use an acetylene torch. Review the procedures to solder copper tubing. Ensure that students understand how to safely and properly use a soldering torch.
Discuss a variety of tools used to solder copper tubing to include:

· tube cutter

· fitting brush

· solder

· flux brush

· soldering torch

· Creating compression joints: Review the procedure to create a compression joint. Demonstrate how to make a compression joint.
· Creating flare joints: Explain when Fleur joints may be required. Review the steps to make a flare joint with a single-and double-thickness flare. Demonstrate how to use a flaring tool to expand and a section of copper tube. Demonstrate how to create a flare joint.

E. Grooving
F. Performance Testing (Task 3 and 4)

Lesson 4: Installing, Insulating and Pressure Testing


1.  Identify the Standards. Standards should be posted in the classroom for each lesson.
2.  Review Essential Questions.
3.  Identify and review the unit vocabulary. 

Many of the terms used in this lesson were introduced in the Core Curriculum module. Additional terms for this are:

Clevises     Insulation     Head
4.  Lesson content: Installing, Insulating and Pressure Testing

Discuss problems that can result if piping is not supported properly. Explain how a seismically active area can affect a piping system.

A. Types of Pipe Hangers and Supports: Review the considerations for determining specifications for hangers and supports:

· The combined weight of the pipe fittings and valves. 

· The maximum weight of the contents of the pipe might carry.

·  The material (wood, concrete, steel) the hangar would be attached to.

·  The distance from the anchor point to the pipe. 

· The potential for corrosion between the hangar and the pipes, fittings, or valves.

·  The expansion and contraction of the piping system.

·  The vibration of equipment attached to the piping system.
        Review the basic components of hangers and supports:
· Pipe attachments: Explain how pipe attachments are used to support pipe. Explain how hangers and brackets keep the piping in alignment. Bring in a variety of pipe attachments for wood-frame construction. Demonstrate how to properly use these attachments. Explain how to use pipe hangers to support vibration isolators. Review the types of vertical hangers used to fasten pipes to beams.

· Connectors: Discuss the various types of connectors. Explain how rod attachments are used. 

· Structural attachments: Explain how structural attachments are used to hang a pipe hanger assembly. 

B. Performance Testing ( Task 5)
C. Insulating Pipes: Discuss the benefits of insulating pipes. Explain how to install insulation and seal split seams.
D. Pressure Testing: Review the two methods for conducting a pressure test. Explain when it is appropriate to use a hydraulic test pump to produce the required pressure. Bring in a pressure gauge of test plug. Demonstrate how to use the gauge to conduct an air test. Discuss the consequences of using gases to pressure test a refrigerant system.
E. Review
F. Module Examination

1. Trainees must score 70% or higher to receive recognition from NCCER

2. Record the testing results on Craft Training Report Form 200 and submit the results to the Training Program Sponsor.
G. Performance Testing

1. Trainees must perform each task to the satisfaction of the instructor to receive recognition from NCCER. If applicable, proficiency noted during laboratory exercises can be used to satisfy the Performance Testing requirements.

2. Record the testing results on Craft Training Report Form 200 and submit the results to the Training Program Sponsor.

Attachments for Learning Experiences: 
Notes & Reflections: 
At the end of each module, various teaching tips are included for added activities for the students


Culminating Performance Task 
Culminating Unit Performance Task Title:  

Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
 

Attachments for Culminating Performance Task: 


Unit Resources 

Web Resources:

· Construction Education Foundation of Georgia, www.CEFGA.org
· Engineering Lab, Inc website: www.engineeringlab.com, Flux, Solder, and Cleaning (Online course), http://www.engineeringlab.com/fluxsolder.hmtl, reviewed April 2009
· Plumbing and Mechanical Website: www.pmmag.com, Throw Away Your Torches, Julius Ballanco, P.E. http://www.pmmag.com/Articles/Column/976acd62f5fc7010VgnVCM100000f932a8c0 publication date: June 2000, reviewed April 2009.

Additional Resources:

· The Copper Tube Handbook, 1995.New York: Copper Development Association

· Modern Plumbing, 1997.E. Keith Blankenbaker, Tinley Park, IL: The Goodheart-Willcox Company, Inc.

· Modern Refrigeration and Air conditioning, 1996. Andrew D. Althouse, Carl H. Turnquest, and Alfred F. Bracciano. Tinley Park, IL: The Goodheart-Willcox Company, Inc.

· Pipefitter’s Handbook, Third Edition, 1967. Forrest R. Lindsey. New York: Industrial Press, Inc.

Attachment(s): 
Materials & Equipment: 

Classroom Use

Transparencies

Markers/chalk

Blank acetate sheets

Transparency pens

Pencils and scratch paper

Overhead projector and screen

Whiteboard/chalkboard

Module Examinations

Performance Profile Sheets

National Fire Protection Association (NFPA) Chapter 13
Manufacturers Standardization Society MSS40 hanger standards

Shop use

Appropriate personal protective equipment

Copies of your local code

Access to a fire extinguisher

Sections of copper pipe

Tee-pulling tool

Fittings and valves, including:

Water supply fittings

Water supply valves

DWV fittings

Alternative fittings

Tools for measuring copper pipe

Copper cutter

Handheld tube cutter

Internal tube cutter

Sizing tool

Tools to form sweat joints, compression joints, and flare joints

Variety of soldering tools, including an acetylene torch

Tools to roll groove and cut groove copper pipe

Pipe attachments for wood-frame construction

Pressure gauge

Test plug

What 21st Century Technology was used in this unit?

	
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	
	Interactive Whiteboard
	
	Calculator
	
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	
	Image File(s)

	
	Web Design Software
	
	Blog
	
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	
	Website
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