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Recommended Teaching Time: 17.5 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.

For information and updates about accessing the Module Examinations, visit www.nccer.org/testing. The pass-
ing score for submission into NCCER’s Registry is 70% or above for the Module Exam. Record the testing results 
for each trainee on the Registration of Training Modules form and submit the form to the Training Program Spon-
sor.

Performance Tasks

Performance Task 1 (Learning Objective 2)
• Assuming an insulation thickness of 2 inches 

(5 cm), determine the number of courses of 
block, the number of lags, and the bevel angle 
required on the lags for a given vessel.

Performance Task 2 (Learning Objective 2)
• Insulate the sidewall of a vessel using lags, 

curved segments, or scored block.

Performance Task 3 (Learning Objective 2)
• Insulate the head of a vessel.

Objectives

Learning Objective 1
• Describe board and block insulation products 

and their applications.
 a.  Describe common and special-use board 

insulation products.
 b.  Describe common and special-use block 

insulation products.
 c.  Describe the vapor retarder systems used for 

block and board insulation in below-ambient 
service.

Learning Objective 2
• Explain the layout and installation methods for 

board and block insulation.
 a.  Explain how to estimate, lay out, and cut 

lags.
 b.  Explain how to install board and block 

insulation on curved surfaces.
 c.  Explain how to insulate the head of a vessel.

Module 19207 reviews the characteristics of the board and block forms of the common insulation materials 
covered in other modules in the NCCER Mechanical Insulating curriculum. This module describes in detail the 
fabricating and installation of board and block insulation on large-diameter pipes, vessels, and vessel heads.
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Appropriate PPE as designated 
by instructor or training 
facility provider, including the 
following:

Safety glasses with side 
shields
Work gloves
Long-sleeved shirt of heavy 
material
Proper footwear
Hearing protection
Hard hat
Proper breathing protection
Face shield

Banding tensioners
Bungee cords
Calculators
Construction T-squares
Elevated cutting surface
Hand or table saws (carbide 
toothed)
Keyhole saws

Markers, fine-point permanent
Mechanical vessels or curved 
surfaces for installing insulation
Pin-welding control unit and 
cables
Pin-welding guns with 
appropriate collets
Razor knives
Rigid board and block insulation 
(e.g., CalSil/expanded perlite or 
cellular glass)
Semi-rigid board insulation 
(e.g., fiberglass, mineral wool, 
or polymeric foam)
Steel or aluminum banding and 
banding seals
Tape measures and steel rulers
Vapor retarder mastic or 
membrane and application tools
Weld pins and clips
Wire for chokers
Performance Profile Sheets

Classroom Equipment and 
Materials

Whiteboard
Markers
Pencils and paper
Calculators
PowerPoint® Presentations for Module 
19207
DVD player or a computer with a DVD 
drive
LCD projector and screen
Computer with Internet access
Module Review answer key
Module Examinations

Equipment and Materials for Laboratories and 
Performance Testing

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

Mechanical Insulation Design Guide, National Institute of Building Sciences. Available at
www.wbdg.org/guides-specifications/mechanical-insulation-design-guide.

National Industrial and Commercial Insulation Standards Manual, Midwest Insulation Contractors Associa-
tion (MICA).

The following websites offer resources for products and training:

National Insulation Association (NIA). www.insulation.org

“Exploring Insulation Materials: Microporous Insulation” (online article), National Insulation Association 
(NIA). July 2013. www.insulation.org/io

“Dome Calculator,” David South, Jr. Monolithic Dome Institute. March 24, 2009. www.monolithic.org

There are a number of online resources available for trainees who would like more information on board and 
block insulation. 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.
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Safety Considerations
The following safety considerations should be emphasized:

• Remind trainees that they must have the required PPE any time they are in the shop or job site 
environment.

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

 1. Describe board and block insulation products and their applications.
a. Describe common and special-use board insulation products.
b. Describe common and special-use block insulation products.
c.  Describe the vapor retarder systems used for block and board insulation in below-ambient 

service.

Kickoff Activity
Access the YouTube video “Expanded Polystyrene Foam Products Discovery Channel Video How It’s Made” 
uploaded to the EPSFoamPro YouTube channel on 28 September, 2009 (5:23 min), www.youtube.com.

This video provides an excellent overview of the manufacture of expanded polystyrene (EPS) foam products, 
one of the many board insulation materials available to mechanical insulators.
Be sure to prescreen this and other videos to verify that they follow accepted safety practices and follow 
methods accepted in the industry. At the conclusion of the video program, ask the trainees if they have any 
questions regarding safety practices or methods, if applicable.

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.

Training Tip
Question the trainees as to their experience with the NCCER Mechanical Insulating curriculum. If 
they are taking this module in its expected sequence, then the first section should be simply a review 
of familiar material. If trainees are taking this module as a stand-alone course or out of sequence with 
earlier levels, then the material should be taught more thoroughly.

Section 1.0.0
Introduce the topic of rigid block and board insulation by reminding trainees that insulation installation 
methods relate to the forms of the insulation more than their materials.
Briefly describe the terms relating to the different forms of rigid and semi-rigid board and block 
insulation.

Board and Block InsulatIon and theIr descrIptIons

Section One
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Sections 1.1.0–1.1.3
Review the definition of board insulation.

Review the characteristics of fiberglass board insulation and the variety of products available.

Review the characteristics of mineral wool board insulation and its products.

Review the characteristics of rigid polymeric foam board insulation, their compositions, and the 
products available.

Section 1.1.4
Discuss the characteristics of relatively uncommon board insulation products:

• Alumina-silicate board
• Calcium silicate board
• Microporous composite board

Section 1.2.0
Describe the block form of rigid and semi-rigid insulation.

Section 1.2.1
Review the characteristics of calcium silicate and expanded perlite insulation.

Describe the forms that CalSil and perlite block insulation are supplied in.

Identify the basic tools required for cutting and shaping CalSil and perlite block materials.

Section 1.2.2
Review the characteristics of and typical applications for cellular glass insulation.

Describe the standard product forms of cellular glass foam insulation and the tools normally used to 
cut and shape it.

Alert trainees to the friable nature of cellular glass foam and the precautions required when working 
with it.

Section 1.2.3
Discuss the characteristics of relatively uncommon block insulation products:

• Alumina-silica fiber
• Microporous block insulation

Sections 1.3.0–1.3.1
Describe the concerns with constructing effective vapor retarder systems with rigid and semi-rigid 
board and block insulation.

Review the characteristics of the various types of mastics used for vapor retarders as well as jacket 
coatings over board and block insulation.

Note the advantages and limitations of the different types of mastics.

Board and Block InsulatIon and theIr descrIptIons

Section One
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Board and Block InsulatIon and theIr descrIptIons

Section One

Section 1.3.2
Review the need for vapor retarder boundaries on cold-service and below-ambient systems.

Review the types of vapor-retarder jackets and membranes available for use with board and block 
insulation.

Briefly mention that most insulating and vapor retarder systems include some form of jacketing for 
protection.

Wrap Up Activities

1.  Have the trainees answer the 1.0.0 Section Review questions and review the correct answers with 
them.

2.  Ask trainees if they have any questions about the forms of board and block insulation compared to 
other forms of insulation they may be familiar with. For classes that don’t have a lot of experience 
with the earlier levels of the Mechanical Insulating curriculum, ask more detailed questions over the 
topics covered in this session.
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Safety Considerations
The following safety considerations should be emphasized:
• Remind trainees that they must have the required PPE any time they are in the shop or job site 

environment.

Classroom and/or Lab Equipment

Calculators

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

 2. Explain the layout and installation methods for board and block insulation.
a. Explain how to estimate, lay out, and cut lags.
b. Explain how to install board and block insulation on curved surfaces.
c. Explain how to insulate the head of a vessel.

Kickoff Activities
1.  If you have a classroom Internet connection and a connected digital projector, access the Surface 

Area Calculator under the Math tab at the Calculator.net website: www.calculator.net. This review 
will prepare trainees for the geometrical estimation calculations presented in this session.

Display the webpage and review the various geometries associated with mechanical systems, such 
as cylinders, rectangular vessels, spherical caps, conical frustums, and elliptical solids. All of these 
shapes can be encountered by mechanical insulators. Work through sample calculations to simulate 
the materials estimation work flow, which is a key topic of this session.

2.  Show the NIA video “Mechanical Insulation Installation Video Series: Compilation Disc,” Disc 1, if 
available. Visit www.insulation.org/products for video purchase information.

Select the “Equipment Insulation” submenu under Calcium Silicate and Expanded Perlite menu. The 
brief video sequence (17:50–19:00) provides a quick overview of typical board and block materials 
and the methods for installing them on a cylindrical vessel.

Be sure to prescreen these and other videos to verify that they follow accepted safety practices and 
follow methods accepted in the industry. At the conclusion of the video program, ask the trainees if 
they have any questions regarding safety practices or methods, if applicable.

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.

Section Two

InstallIng Board and Block InsulatIon
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Sections 2.0.0–2.1.1
Introduce the topic of installing board and block insulation materials on vessels and equipment.

Identify the preferred forms of rigid insulation for smaller-diameter vessels and equipment.
Define the term lags and explain where this form of insulation is typically used.
Explain how to determine the size, shape, and number of lags to cover the sidewall of a cylindrical 
vessel.

Section 2.1.2
Describe the suggested method for developing the template for cutting vessel sidewall lags.
Emphasize the hazards associated with using power saws when cutting rigid board and block 
insulation.

Sections 2.2.0–2.2.1
Introduce the method of covering a large vessel sidewall with V-groove board insulation.
Describe the common forms of vertical vessels that may be encountered, including various head shapes 
and those with support flanges and legs.

Review the general considerations for installing rigid board insulation on vessel sidewalls, noting 
different anchoring and securement methods.

Introduce the example vessel to be insulated described in the Trainee Guide, referring to the 
corresponding presentation slides.

Discuss the checks that should be made before starting the insulation of a vessel sidewall.

Proceed step-wise through the suggested procedure in the Trainee Guide for installing rigid insulation 
lags on the sidewall of a cylindrical vessel. Emphasize the need to stagger the joints between courses.

Explain how to secure a course of lags; demonstrate the use of the band tensioning tool.

Describe how to finish off the sidewall installation using mastic, insulating cement, and scrap pieces of 
insulation.

Section 2.2.2
Discuss the preparations typically required for insulating the head of a vessel (e.g., anchor pins 
installed or circumferential bands, and a check for interference at vessel heads).

Proceed step-wise in the Trainee Guide through the general approach for cutting, trimming, and 
installing rigid insulation on upper and lower heads of a vertical vessel.

Discuss the standard steps for finishing off the insulation of vessel heads.

Section 2.2.3
Discuss the similarities and differences between insulating small-diameter vessels with block insulation 
and larger-diameter vessels with board.

Describe the methods for anchoring board insulation using band anchors and support flanges.

Proceed step-wise through the procedure for installing board insulation on large vessels.

Section Two

InstallIng Board and Block InsulatIon
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Sections 2.3.0–2.3.1
Discuss the possible shapes of vessel heads, and describe a typical elliptical head.

Define the term gore and explain how it relates to covering a curved surface such as an elliptical head.
Note that engineering computer programs are often used by commercial insulation fabricators to create 
insulation products for vessel heads.

Identify the key measurements that must be taken to manually draft up an insulation gore pattern for a 
vessel head.

Describe the general method for determining the number of gores required to cover a vessel head.
Proceed stepwise through the suggested method for developing the vessel head gore pattern. Refer 
frequently to the presentation slides provided with this module.

Discuss the suggested method to estimate the amount of insulating materials needed to complete the 
job.

Section 2.3.2
Describe the process of marking and cutting rigid and semi-rigid insulation boards to cover an elliptical 
vessel head.

Note the advantages of saving large scraps from cuttings for smaller insulation sections closer to the 
center of the vessel head.

Explain the approach to installing insulation on an elliptical vessel head. 

Review the securement methods possible for vessel head insulation sections.

Wrap Up Activities

1.  Ask trainees if they have any questions about the material covered. Orally quiz trainees on some of 
the key principles for installing block and board insulation.

2.  Have the trainees answer the 2.0.0 Section Review questions and review the correct answers with 
them.

3.  Ask trainees if they have any questions about the material covered. Orally quiz trainees on some of 
the important points on gore pattern development and vessel head insulation.

InstallIng Board and Block InsulatIon

Section Two
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Safety Considerations
The following safety considerations should be emphasized:

• Remind trainees that they must have the required PPE any time they are in the shop or job site 
environment.

• Consistently remind trainees of the hazards associated with using tools and equipment while 
performing work with electrical equipment and edge tools. Emphasize the safe operation of tools, 
equipment, and the need to maintain an awareness of electrically energized equipment.

Safety Equipment

Appropriate PPE to include the following:
Safety glasses with side shields
Work gloves
Long-sleeved shirt of heavy material
Proper footwear as designated by the instructor or training facility provider
Hearing protection as designated by the instructor or training facility provider
Hard hat as designated by the instructor or training facility provider
Proper breathing protection as designated by the instructor or training facility provider
Face shield as designated by the instructor or training facility provider

Lab Equipment

Banding tensioners
Bungee cords
Calculators
Construction T-squares
Elevated cutting surface
Hand or table saws (carbide toothed)
Keyhole saws
Markers, fine-point permanent
Mechanical vessels or curved surfaces for installing insulation
Pin-welding control unit and cables
Pin-welding guns with appropriate collets
Razor knives
Rigid board and block insulation (e.g., CalSil/expanded perlite or cellular glass)
Semi-rigid board insulation (e.g., fiberglass, mineral wool, or polymeric foam)
Steel or aluminum banding and banding seals
Tape measures and steel rulers
Vapor retarder mastic or membrane and application tools
Weld pins and clips
Wire for chokers
Performance Profile Sheets

laBoratorIes and performance testIng
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Objectives
These laboratory sessions are intended to support Learning Objective 2.

Performance Requirements
Under the supervision of their instructor, trainees should be able to complete the following 
Performance Tasks:

 1.  Assuming an insulation thickness of 2 inches (5 cm), determine the number of courses of block, 
the number of lags, and the bevel angle required on the lags for a given vessel.

 2.  Insulate the sidewall of a vessel using lags, curved segments, or scored block.
 3.  Insulate the head of a vessel.

Instructors are reminded that trainee performance during practice and laboratory sessions can be used 
for verification of Performance Task completion.

Instructional Methods
These sessions are devoted to practice, laboratories, and/or the Performance Tasks required for this 
module. As a result, no PowerPoint® slides have been developed for these sessions. Throughout these 
activities, ensure that trainees wear the proper PPE and exhibit safe working habits.

Demonstration
Work through the Think About It titled “How Many Lags?” in Section 2.1.1 of the Trainee Guide. 
Trainees will estimate the number of lags required to cover the sidewall of the example vessel.

• Determine the insulated diameter and circumference of the sidewall.
• Calculate the number of lags per course.
• Find the number of courses.
• Calculate the total number of lags required.

Solutions/calculations for this activity are provided at the end of this module. This activity serves as 
the demonstration for Performance Task 1.

Performance Task
Under your direct supervision, assuming an insulation thickness of 2 inches (5 cm), have trainees 
determine the number of courses of block, the number of lags, and the bevel angle required on the sides 
of the lags for a given vessel. When they have completed a task, check their work for accuracy and 
quality; request rework if necessary. This laboratory activity corresponds to Performance Task 1.

Demonstration
Ensure that all trainees are wearing the appropriate PPE.

Demonstrate for a given form of rigid or semi-rigid insulation how to measure, cut, and install courses 
of insulation on the sidewall of a vertical or horizontal vessel. Be sure to demonstrate the use of 
temporary and permanent securements, and the application of adhesives and/or vapor retarders, as 
appropriate.

laBoratorIes and performance testIng
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Laboratory/Performance Task
Under your direct supervision, have the trainees insulate the sidewall of a vessel using lags, curved 
segments, or scored block. Observe trainees at all times to make sure that they are using the tools and 
materials safely and correctly. When they have completed a task, check their work for accuracy and 
quality; request rework if necessary. Have the trainees properly clean up the work area and prepare the 
tools for storage. This laboratory corresponds to Performance Task 2.

Demonstration
Ensure that all trainees are wearing the appropriate PPE.

Demonstrate how to determine the dimensions of an elliptical vessel head gore, lay out a gore pattern, 
measure and cut board or block insulation, and install the insulation on a vessel head. Demonstrate the 
use of appropriate securement systems (e.g., adhesives, bands, wires, or weld pins), and methods for 
finishing off the installation.

Laboratory/Performance Task
Under your direct supervision, have the trainees insulate the head of a vessel. Observe trainees at all 
times to make sure that they are using the tools safely and correctly. When they have completed a task, 
check their work for accuracy and quality; request rework if necessary. Have the trainees clean up the 
work area and properly prepare the tools for storage. This laboratory corresponds to Performance Task 3.

Wrap Up Activities

1.  Ensure that tools and equipment are properly cleaned and returned to their proper storage locations. 
Pick up and dispose of trash and waste.

2.  Gather the trainees together. Ask them if they discovered anything during the lab sessions that 
was new or different from what they have learned previously. Ask them if they now feel confident 
in using the tools covered in this session. Stress the importance of following the required safety 
precautions when working with the tools.

laBoratorIes and performance testIng





Module 19207 Board and Block Insulation 13

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.

module revIew and examInatIon
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Module 19207

Answer Keys

1.0.0 SECTION REVIEW

 Answer Section Reference Objective
 1. b  1.0.0 1a
 2. c  1.2.0 1b
 3. d  1.3.0 1c

2.0.0 SECTION REVIEW

 Answer Section Reference Objective
 1. b  2.0.0 2a
 2. b  2.2.1 2b
 3. c  2.3.0 2c
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Module 19207

Answer Keys

REVIEW QUESTIONS

 Answer Section Reference
 1. a  1.0.0
 2. b  1.1.4
 3. c  1.2.1
 4. a  1.2.2
 5. a  1.3.1
 6. c  2.1.0
 7. c  2.1.1
 8. d  2.2.2
 9. a  2.2.3
 10. d  2.3.1
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Module 19207

Answer Keys

THINK ABOUT IT SOLUTIONS

Section 2.1.1 How Many Lags?

Insulation Diameter:

120” + 3” + 3” = 126” (320 cm)

Insulated Circumference:

126” x π = 126” x 3.14 = 395.6” (1,005 cm)

Lags Per Course:

Divide insulated circumference by outer lag width.

395.6” ÷ 4” = 98.9 (round up to 99 lags)

Number of Courses:

Add twice the insulation thickness to tan-to-tan height for overlap at head covers.

102” + 3” + 3” = 108” (274 cm)

Divide total sidewall insulation height by length of lag.

108” ÷ 36”/course = 3 courses

Total Lags Required:

3 courses x 99 lags/course = 297 lags
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