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Lesson Plans for Module 19105

CharaCteristiCs of PiPe

Module 19105 Characteristics of Pipe i

Recommended Teaching Time: 5 hours
This Lesson Plan (LP) is divided into sections that correspond to the sections in the Trainee Guide module. As you 
plan your class times, review the objectives, content, and lesson plan outline for the section you plan to teach. 
Allow sufficient class time for demonstrations, laboratories, field trips, and testing. Each class period should also 
include time for administrative tasks and periodic breaks.

Be sure to gather the required equipment, materials, visual aids, and answer keys. Using your access code, 
download the PowerPoint® presentations and Performance Sheets for this module from NCCER’s Instructor Re-
source Center at www.nccerirc.com. 

It is advisable to assign the reading of a module section prior to the classroom instruction. The Section Review 
and Module Review questions may be assigned as homework. At their discretion, instructors may assign addi-
tional homework to meet the teaching objectives.

Performance Testing may be administered at any suitable time in the course of the module training. Tasks are 
graded pass/fail. Trainee performance and proficiency during practice sessions that meets or exceeds the stan-
dards for a task can be accepted as Performance Task completion. Complete the Performance Profile Sheet for 
each trainee.

The final class is generally reserved for a brief review and the Module Examination. For information and updates 
about accessing the Module Examinations, visit www.nccer.org/testing. The passing score for submission into 
NCCER’s Registry is 70% or above for the Module Exam. Record the testing results for each trainee on the Regis-
tration of Training Modules form and submit the form to the Training Program Sponsor.

Prerequisites
Core Curriculum

Performance Tasks

 This is a knowledge-based module; there are 
no Performance Tasks.

Objectives

Learning Objective 1
• Describe pipe properties and construction.

 a. Describe pipe properties and sizing.
 b. Describe pipe construction.

Learning Objective 2
• Describe pipe system components.

 a. Describe pipe support components.
 b.  Describe special-purpose pipe system 

components.

Module 19105 covers the properties and construction of common types of pipe used in commercial and indus-
trial applications. It provides information about pipe and mechanical insulation sizing and describes steel, cast 
iron, copper, and plastic piping. It also describes various pipe system components, including hangers, anchors, 
expansion provisions, valves, and heat tracing systems.
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ii  NCCER – Mechanical Insulating  

Classroom Equipment and Materials
Whiteboard/chalkboard
Markers/chalk
Pencils and paper
PowerPoint® Presentations for Module 19105
DVD player
LCD projector and screen
Computer
Internet access during class (optional)
Module Examinations
A short section of iron pipe
A short section of steel pipe
A short section of copper tubing
A short section of plastic pipe
Short sections of piping insulation to fit each pipe and 
tubing sample
A suitable measuring device for measuring pipe and 
insulation diameters and thicknesses

A short section of steel pipe that has been butt welded
One or more pipe hangers
One or more pipe supports
One or more pipe anchors
One or more expansion loops
One or more expansion joints
One or more bellows expansion joints
An example of a heat tracing system, or access to a 
piping system equipped with heat tracing
One or more valves
One or more regulators
One or more strainers
One or more orifices
As an alternative, have access to a piping system that 
contains valves, regulators, strainers, and orifices

Additional Resources
This module presents thorough resources for task training. The following reference material is recommended 
for further study.

The following websites offer resources for products and training:

Plastic Pipe and Fittings Association (PPFA), www.ppfahome.org

Plastics Pipe Institute (PPI), www.plasticpipe.org

There are a number of online resources available for trainees who would like more information on pipe. A search 
for additional information may be assigned as homework to interested trainees.

Instructors should view any videos that may be identified in the lesson plan before using them to ensure their 
suitability. The videos can provide examples of both proper and improper work processes and behaviors. Be 
prepared to stop the videos at appropriate times to point out and discuss both proper and improper conduct and 
techniques.

Instructors are also encouraged to locate additional audiovisual aids available on the Internet, make personal vid-
eos, and take still pictures related to the subject matter and add them to the PowerPoint® presentations through-
out the program.

Safety Considerations
This module will likely be taught exclusively in the classroom environment. However, instructors may teach 
or demonstrate portions of it in the shop or in the vicinity of functioning equipment. Electrical and mechani-
cal safety must be emphasized at all times. Trainees should be carefully observed to ensure that they wear 
the proper PPE, follow safe practices, and give due respect to the hazards of energized and operating sys-
tems. Any work performed on functioning equipment must be completed under the direct supervision of 
the instructor.
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Section One

PiPe ProPerties and ConstruCtion

Safety Considerations
The following safety considerations should be emphasized when introducing trainees to the piping 
insulation environment:

• Remind trainees that some forms of PPE may be required any time they are in a shop or on a job site.

Resources
Internet access during class (optional)

Objective
When trainees have completed this section, they should be able to do the following:

1. Describe pipe properties and construction. 
 a. Describe pipe properties and sizing. 
 b. Describe pipe construction.

Instructional Methods
Research has shown that varying instructional methods periodically throughout class sessions helps to 
engage and hold trainees’ attention. The PowerPoint® presentation that you received with this lesson 
plan is keyed to the sections of the Trainee Guide indicated below and has been designed for use with 
this lesson plan.

Kickoff Activities
Divide the class into two competing teams. Alternating between the teams, allow each one a total of 
two chances to answer the question being displayed on the PowerPoint® slide. Record any correct 
answers as they are made on chart paper. After each team has had two turns, advance to display the 
final question, which can be answered by either team. Advance to reveal the correct answers on the 
slide and compare them to the answers recorded on the chart paper. Point out that the upcoming 
classroom sections will cover properties of pipe and pipe insulation; the construction of steel, cast iron, 
copper, and plastic piping; pipe support components; and special-purpose pipe system components.

Section 1.0.0
Discuss how insulation mechanics are not responsible for installing or maintaining pipe systems, but 
how a working knowledge of pipe, tubing, connections, fittings, and valves can greatly improve an 
insulation mechanic’s ability to plan and work more effectively.

Section 1.1.0
Discuss how all pipe and tubing is identified by size. Identify the four dimensions used to express pipe 
and tubing sizes–outside diameter (OD), inside diameter (ID), wall thickness, and length. Explain how 
pipe sizes are nominal. Emphasize that insulation is based on outer diameter dimensions.
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PiPe ProPerties and ConstruCtion

Section One

Section 1.1.1 
Talk about sizing conventions for steel pipe and copper tubing. Explain how iron pipe size (IPS) defines 
the nominal inside diameter of a pipe. Discuss how mechanical insulation for a 6" IPS pipe is labeled 6" 
IPS, but is sized to fit the 65⁄8" outside diameter of the pipe.

Discuss how copper tubing size (CTS) is a nominal measure of the inside diameter of copper tubing. 
Point out that mechanical insulation for a 6" CTS tube is labeled 6" CTS, but is sized to fit the 61⁄8" outer 
diameter of the tube. Identify other types of pipe and tubing and discuss how almost any pipe will be 
sized according to IPS or CTS standards. Talk about how piping insulation is available for almost any 
pipe and how some insulation is sized to fit both IPS and CTS pipe.

Discuss how pipe schedules are used to define pipe wall thickness and how the same insulation will 
fit all schedules of the same size pipe. Explain how metric pipes are sized according to the Diametre 
Nominal (DN) standard, which provides similar, but not exact size equivalents to IPS sizes. Point out 
that DN sizes in Australia use the term NB, for Nominal Bore. Point out that copper tubing is made 
with several wall thicknesses for different applications.

Teaching Tip
Have examples of carbon steel pipe, cast iron pipe, copper tubing, plastic PVC pipe, and piping 
insulation to fit each pipe and tubing sample for trainees to examine. Use a suitable measuring device 
to clarify the relationships between pipe and insulation diameters and thicknesses.

Section 1.1.2
Explain how pipe insulation sizes are expressed in two dimensions, nominal pipe size and pipe 
insulation thickness. Talk about how insulation thickness is the nominal thickness of the insulating 
material. Discuss how a project plan might call for a greater insulation thickness than is available and 
how insulation materials can be nested to achieve the required thickness.

Section 1.2.0 
Talk about how pipes that are commonly used in commercial and industrial applications are 
typically made from steel, copper, cast iron, or plastic.

Section 1.2.1 
Discuss how most carbon steel pipe that requires insulation ranges from 1⁄2" through 12" in diameter. 
Point out that steel pipes are sized by the IPS standard and available in sizes starting at 1⁄2", increasing 
in incremental sizes. Identify and discuss standard steel pipe lengths and schedules. Talk about the 
three basic classifications and uses of carbon steel pipe and how most industrial applications requiring 
steel pipe use black iron. Discuss ways that steel pipe can be connected to other pipe or to fittings, 
valves, or other equipment using fittings or flanges. Talk about how steel pipe sections can be welded 
together. Explain how flanges that are used to join pipe are insulated.

Teaching Tip
Have samples of black iron pipe, galvanized steel pipe, stainless steel pipe, threaded fittings, flanges, 
grooved fittings, and a butt-welded pipe for trainees to examine.
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Section One

PiPe ProPerties and ConstruCtion

Section 1.2.2
Identify and discuss common uses and types of cast iron pipe. Talk about cast iron pipe connections 
and how the connections are insulated.

Section 1.2.3
Identify and discuss common uses of copper tubing and piping. Talk about the different ways to 
connect lengths of copper piping or tubing. Point out that copper tubing uses the CTS sizing method, 
from 1⁄2" through 6". Explain how brazed and soldered connections are insulated by grooving-out or 
compressing the straight pipe insulation.

Section 1.2.4
Identify and discuss common uses and types of plastic pipe. Point out that most plastic pipe used in 
commercial and industrial applications is made from PVC. Talk about how plastic pipe sizes and ODs, 
connectors and fittings, and insulation treatment are the same as what is used for steel pipe.

Wrap Up Activities

1. Hold up a sample of each item listed in slide 32 of the PowerPoint® presentation for Section 1. If 
necessary, provide hints to help the trainees. For instance, state that the insulation sample is labeled 
4" IPS and ask what it would be used to insulate. Perhaps describe the weld sample as a hint. Allow 
trainees enough time to write down answers on their paper. Then ask them to call out the items they 
identified. Discuss the answers as they are called out. Reveal the answers on the slide and allow for 
discussion of any additional information or correct answers. This exercise is intended to encourage 
discussion, critical thinking, and decision-making.

2. Have the trainees complete the 1.0.0 Section Review questions and review them with the trainees 
before moving on.
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Section Two

PiPe system ComPonents

Safety Considerations
The following safety considerations should be emphasized when introducing trainees to the piping 
insulation environment:

• Remind trainees that some forms of PPE may be required any time they are in the shop or on a job 
site.

Resources
Internet access during class (optional)
Have the Review Question answer key available for review prior to administering the Module Exam.

Objective
When trainees have completed this section, they should be able to do the following:

2. Describe pipe system components. 
 a. Describe pipe support components. 
 b. Describe special-purpose pipe system components.

Instructional Methods
Research has shown that varying instructional methods periodically throughout class sessions helps to 
engage and hold trainees’ attention. The PowerPoint® presentation that you received with this lesson 
plan is keyed to the sections of the Trainee Guide indicated below and has been designed for use with 
this lesson plan.

Kickoff Activities
Use the Jeopardy-style answers on the slide to check the trainees’ understanding of pipe system 
components. Use this activity to generate a discussion about pipe system components. Point out that 
this classroom section focuses on providing trainees with information about pipe hangers and supports 
and other special-purpose pipe system components. Also inform trainees that a review will occur at the 
end of this section, followed by the Module Exam.

Section 2.0.0 
Talk about how support components and other special-purpose components are used in piping 
systems. Explain that these components may or may not require insulation, but that insulation 
mechanics must be familiar with them.

Section 2.1.0 
Discuss how pipe hangers and supports are used to secure piping systems to overheads and vertical 
surfaces, and how these components must be able to support the piping and the material flowing 
through the piping.
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Section Two

PiPe system ComPonents

Section 2.1.1 
Identify and discuss different types of pipe hangers and supports used to secure cold piping systems 
and hot piping systems. Explain how hangers are sized to allow pipe insulation to pass through them. 
Describe how high-temperature and high-pressure systems use roller hangers to compensate for 
pipe movement caused by temperature and pressure fluctuations.

Teaching Tip
Have samples of pipe hangers and supports available for trainees to examine.

 Section 2.1.2 
Explain how pipe anchors are used to stabilize piping and control the direction of pipe expansion. 
Identify and discuss ways to secure piping using anchors. Talk about the need to insulate pipe anchors 
used in low-temperature applications and how the insulation should be installed.

Teaching Tip
Have samples of pipe anchors available for trainees to examine.

 Section 2.2.0 
Talk about how some pipe system components perform special functions, such as allowing for thermal 
expansion and contraction in the system, or enabling material flow inside the system. 

 Section 2.2.1
Identify and discuss how expansion loops, expansion joints, and bellows expansion joints allow for 
thermal expansion and contraction. Discuss the amount of linear expansion for different types of pipe 
at various temperatures.

Teaching Tip
Have samples of expansion loops, expansion joints, and bellows expansion joints available for trainees 
to examine.

 Section 2.2.2 
Discuss the importance of maintaining the proper temperature of heated material in a pipe system. 
Explain how heat-tracing systems use hot fluid, steam, or electricity to provide heat to help maintain 
the temperature of a pipe’s contents. Talk about how pipe insulation design specifications take into 
account the added space required to accommodate heat-tracing systems.

Teaching Tip
Have an example heat tracing system, or have access to a piping system that is equipped with a heat 
tracing system, available for trainees to examine.
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Section Two

PiPe system ComPonents

 Section 2.2.3 
Discuss how piping systems typically contain valves and other specialty components such as 
regulators, strainers, orifices, and other devices. Emphasize the importance of understanding the 
function and service requirements of these components before proceeding with insulation work 
involving them.

Teaching Tip
Have samples of valves, regulators, strainers, and orifices that might be found in a typical piping 
system available for trainees to examine. If a piping system that is equipped with these components is 
available on site, the trainees can be taken there to examine the components.

Wrap Up Activities

1. Go through the clues in the PowerPoint® presentation for Section 2 (slides 18 through 21), and have 
trainees come up with answers based on the clues.

2. Complete the 2.0.0 Section Review questions as a group exercise.
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module review and examination

Module Review
Ask the trainees if they wish to review any particular information from the module. Have the trainees 
complete the Module Review at the end of the module. Alternatively, if the Module Review was 
assigned as homework, have them retrieve their answers.

Review the answers to the Module Review prior to administering the module exam. Ask again if the 
trainees need clarification on any particular knowledge areas.

Examination 
Administer the module exam. As they begin, remind trainees that they must answer at least 70 percent 
of the questions correctly to pass the module exam.

Wrap Up Activities
Ask the trainees if there were any problem areas on the exam that they wish to discuss, and ask them 
to identify a favorite and least favorite part of this module. As an alternate or if time allows, briefly 
introduce the next topic in your planned teaching sequence.

Instructor
Record the testing results as required. The results for exams administered through online testing 
systems are recorded automatically in the Registry System.
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Module 19105 

Answer Keys

SECTION REVIEW ANSWER KEYS

SECTION ONE

 Answer Section Reference Objective
 1. b  1.1.1 1a
 2. a  1.2.4 1b

SECTION TWO

 Answer Section Reference Objective
 1. d  2.1.1 2a
 2. a  2.2.2 2b
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Module 19105 

Answer Keys

MODULE REVIEW ANSWER KEY

 Answer Section Reference
 1. b  1.1.0
 2. c  1.1.1
 3. a  1.1.2
 4. c  1.1.2
 5. b  1.2.1
 6. c  1.2.4
 7. b  1.2.4
 8. b  2.1.1
 9. a  2.2.1
 10. d  2.2.2

TRADE TERMS QUIZ ANSWER KEY

1. Inside diameter (ID)
2. Nesting
3. Heat tracing
4. Pipe insulation thickness
5. Pipe size
6. Pipe systems
7. Iron pipe size (IPS)
8. Butt weld
9. Copper tubing size (CTS)
10. Socket weld
11. Outside diameter (OD)
12. Nominal
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NCCER makes every effort to keep its textbooks up-to-date and free of technical errors. We 
ap pre ci ate your help in this process. If you find an error, a typographical mistake, or an in-
ac cu racy in NCCER’s curricula, please fill out this form (or a photocopy), or complete the on-
line form at www.nccer.org/olf. Be sure to include the exact module ID number, page num-
ber, a detailed description, and your recommended cor rec tion. Your input will be brought 
to the attention of the Authoring Team. Thank you for your assistance.

Instructors – If you have an idea for improving this textbook, or have found that additional 
materials were necessary to teach this module effectively, please let us know so that we may 
present your suggestions to the Authoring Team.

NCCER Product Development and Revision
13614 Progress Blvd., Alachua, FL 32615

Email: curriculum@nccer.org
Online: www.nccer.org/olf
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