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Overview 
The Naval bases, advance bases, Seabee camps, and equipment of the Navy were all 
built from plans drawn on blueprints. They are operated, checked, and maintained 
according to information found on those same blueprints. When the equipment fails in 
service or is damaged in battle, blueprints aid the repairman. When new parts are to be 
made or a facility is expanded, blueprints provide the necessary information. Planning, 
scheduling, and manpower and material estimating are based on the information 
contained in these blueprints. This chapter discusses the function and care of blueprints 
and the importance of being able to read and work from them. 
This chapter will also discuss electrical diagrams and schematics. Diagrams and 
schematics are maps that indicate the configuration of circuits and circuit connections 
and components of electrical equipment. When properly used, they are an invaluable 
aid in the installation, troubleshooting, and repair of electrical components. 
Understanding and being able to use blueprints and schematics will be some of the 
most important work assignments you will have as a Construction Electrician. 

Objectives 
When you have completed this chapter, you will be able to do the following: 

1. Identify definitions and terms associated with drawings and specifications 
2. Understand the contents and limitations of construction drawings 
3. Understand the use and contents of blueprints 
4. Describe the types and contents of plans 
5. Describe the different types of specifications utilized 
6. Describe the different types of construction drawings and diagram. 
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Prerequisites 
None 
This course map shows all of the chapters in Construction Electrician Basic. The 
suggested training order begins at the bottom and proceeds up. Skill levels increase as 
you advance on the course map. 
 

Test Equipment, Motors, and 
Controllers           

C 
E 

Communications and Lighting Systems            

Interior Wiring and Lighting            

Power Distribution           

Power Generation   

Basic Line Construction/Maintenance 
Vehicle Operations and Maintenance  

B 
A 

Pole Climbing and Rescue  S 

Drawings and Specifications  I 

Construction Support  C 

Basic Electrical Theory and 
Mathematics   

Features of this Manual 
This manual has several features which make it easier to use online. 

• Figure and table numbers in the text are italicized. The figure or table is either next 
to or below the text that refers to it. 

• The first time a glossary term appears in the text, it is bold and italicized. When your 
cursor crosses over that word or phrase, a popup box displays with the appropriate 
definition. 

• Audio and video clips are included in the text, with an italicized instruction telling you 
where to click to activate it. 

• Review questions that apply to a section are listed under the Test Your Knowledge 
banner at the end of the section. Select the answer you choose. If the answer is 
correct, you will be taken to the next section heading. If the answer is incorrect, you 
will be taken to the area in the chapter where the information is for review. When you 
have completed your review, select anywhere in that area to return to the review 
question. Try to answer the question again. 

• Review questions are included at the end of this chapter. Select the answer you 
choose. If the answer is correct, you will be taken to the next question. If the answer 
is incorrect, you will be taken to the area in the chapter where the information is for 
review. When you have completed your review, select anywhere in that area to 
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return to the review question. Try to answer the question again. 
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1.0.0  COMMON TERMS and DEFINITIONS 
To be able to work with, and from, drawings and specifications, you must know the 
terms commonly associated with planning, estimating, and scheduling. Listed below are 
few of the terms you will need to do your job.  

1.1.0 Definitions 
Activity estimates consist of a listing of all the steps required to construct a given 
project. Activity quantities provide the basis for preparing material, equipment, and 
manpower estimates. They are used to provide the basis for scheduling, material 
deliveries, equipment, and manpower.  
Bill of material (BM) is a tabulated statement of the material required for a given 
project. It contains such information as stock numbers, unit of issue, quantity, line-item 
number, description, vendor, and cost. Sometimes the bill of material will be submitted 
on either material estimate sheets or material takeoff sheets; the two sheets contain 
similar information. Usually, the takeoff sheet is an actual tally and checkoff of the items 
shown, noted, or specified on the construction drawings and specifications. 
Construction activities are a breakdown of master activities. They identify functional 
parts of the project and are often assigned to a particular company (Bravo/Charlie) or 
rating. 
Detailed estimates are precise statements of quantities of material, equipment, and 
manpower required to construct a given project. Underestimating quantities can cause 
serious delays in construction or result in unfinished projects. A detailed estimate must 
be accurate to the smallest detail to quantify requirements correctly. 
Direct labor includes all the labor expended directly on assigned construction tasks, in 
either the field or the shop, that contribute directly to the completion of the end product. 
Equipment estimates consist of a listing of the types of equipment, amount of time, 
and number of pieces required to construct a given project. 
Estimating is the process of determining the amount and type of work to be performed 
and the quantities of material, equipment, and labor required. 
Indirect labor includes labor required to support construction operations but which 
does not, in itself, produce an end product. 
Manpower estimates consist of a listing of the number of direct labor man-days 
required to complete the various activities of a specific project. These estimates may 
show only the man-days for each activity or they may be in sufficient detail to list the 
number of man-days for each rating. 
Master activities consist of a breakdown of a complete project in sufficient detail to 
provide a comprehensive description of the project. 
Material estimates consist of a listing and description of the various materials and the 
quantities of those materials required to construct a given project. Information for 
preparing material estimates is obtained from the activity estimates, drawings, and 
specifications. 
Planning is the process of determining requirements and devising and developing 
methods and a scheme of action for construction of a project. Good construction 
planning is a combination of elements: the activity, material, equipment, and manpower 
estimates: project layout; project location; material delivery and storage; work 
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schedules; quality control; special tools required; environmental protection: safety; and 
progress control. All of these elements depend upon each other. They must be taken 
into account in any well-planned project. 
Preliminary estimates are made from limited information, such as the general 
description of projects or preliminary plans and specifications having little or no detail. 
Preliminary estimates are prepared to establish costs for the budget and to program 
general manpower requirements.  
Scheduling is the process of determining when an action must be taken and when 
materials, equipment, and manpower will be required. It shows the sequence, the time 
for starting, the time required for performance and the time for completion. 

Test your Knowledge (Select the Correct Response)
1. The process of determining the amount and type of work to be performed is the 

definition of which of the following terms? 
 

A. Scheduling 
B. Preliminary Estimates 
C. Estimating 
D. Material Estimates 

2.0.0 CONSTRUCTION DRAWINGS 
The basis for defining the required activities, measuring the quantities of material, and 
making accurate estimates is the information contained in construction drawings. You 
should read all notes and references carefully and examine all details and reference 
drawings thoroughly. Check the orientation of sectional views carefully. Verify the 
revision section near the title block to check whether the indicated changes were in fact 
made in the drawing itself. When there are inconsistencies between drawings and 
specifications, the specifications should take precedence. 
Drawings are generally categorized according to their intended purposes: preliminary, 
presentation, working, and shop drawings. 
A building project may be broadly divided into two major phases: the design phase and 
the construction phase. First, the preliminary drawings are prepared during the design 
phase. They are prepared by the Engineering Field Division (EFD) or by an architect’s 
and engineer’s (A/E) firm. The designer uses preliminary drawings for exploring design 
concepts with the user (customer), making material selection, getting preliminary cost 
estimates, and as a basis for preparing the finished working drawings. 
The presentation drawings are developed to show the proposed building or facility in 
an attractive setting in its natural surroundings at the proposed site. Since these 
drawings are actually used to sell an idea or a design, you will probably see this type of 
drawing only as a cover sheet to a set of construction drawings. 
In the second phase, after approval has been given for construction, the working 
drawings are developed. Shop drawings are supplied by manufacturers to show 
fabrication of building parts. After review by the architect and engineer, they become 
part of the working drawings. Throughout your career, you will hear working drawings 
referred to as blueprints, construction drawings, prints, or plans. Basically, these terms 
are all correct; they can be used interchangeably. 
As mentioned earlier, the construction drawings are developed from the preliminary 
drawings. The EFD and A/E, collaborate to decide both the materials to be used and the 
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construction methods to be followed. The engineer determines the loads that the 
supporting structural members will be required to bear and designs the mechanical 
systems, such as heating, power, lighting, and plumbing. 
As a crew member or a supervisor, you will find the construction drawings, 
specifications, and the bill of material your main sources of information during the 
construction and estimating phases of the project. 
Drawings are commonly indexed so you can easily find the sheet you need. The 
drawing index is located on the cover sheet or sheet 1 of the set. They are divided into 
eight categories and appear in the following order: 
1. Plot and vicinity 
2. Landscape and irrigation 
3. Architect 
4. Structural 
5. Mechanical 
6. Plumbing 
7. Electrical 
8. Fire protection 

2.1.0 Working Sketches 
A working sketch is a drawing made from the working drawings to clearly express a 
tasking and to provide a quick reference to job requirements. It is drawn to help show 
actual conditions on the job, the size of pipe to be installed, or the location of 
connections to be made. The sketch should show as much detail as possible to help 
your crew during installation or troubleshooting. A working sketch will usually show the 
work you want your crew to accomplish in a selected area and will provide ready 
reference to jobsite conditions. 
A crew should have a working sketch with them while working. It will show them how, 
what, where, and when things happen in the sequence of the job. Your first step in 
making a working sketch is to draw the symbols representing all the fixtures or 
equipment to be installed and locating them within the room. Try to draw them in the 
sequence of installation and to include measurements. The amount of detail you use in 
a working sketch will be determined by the crew’s experience, the complexity of the 
systems involved, and the need for cooperation with other trades working on the jobsite.  

2.2.0 As-Built Drawings 
Upon the completion of a facility, the crew leader or project supervisor should provide 
marked prints that indicate any construction deviations. The information the prints must 
show is all features of the project as actually built. As-built drawings should be reviewed 
after they are completed. This review assures that all information appearing on the 
drawings shows the exact as-built conditions. 
From the as-built drawings, record drawings are prepared. These drawings are the 
original construction drawings corrected according to the as-built marked print. They 
provide a permanent record of as-built conditions. The final record drawings must be 
kept up to date at all times. If this maintenance requires a change to the record drawing, 
then this information should be passed on and the record drawings updated.  
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2.3.0 Symbols 
One of the most important symbols to use right at the beginning of a new job is the 
directional symbol. This symbol, usually an arrow labeled "N" for north, enables the 
reader of a construction drawing to orient it. A drawing is properly oriented when it is 
held so that the north arrow shown on the drawing is pointing toward north. Construction 
Electricians sometimes find themselves standing in open ground with only a drawing 
and an area staked off by the Engineering Aid, who tells them where to start shoveling 
for an underground conduit run. The drawing must be properly oriented so the reader 
can relate the information on it to the surrounding area. Understanding common 
standard symbols, such as the north arrow mentioned above, is a must for someone 
who expects to do well in electrical construction work. 
Some of the most common symbols in construction work are listed in Figure 3-1. Study 
these symbols carefully. A good way to memorize them is to copy each symbol several 
times while thinking of the electrical component or device it represents. Learn to relate 
each symbol mentally to the component it represents whenever you see the component. 
For example, as you pull the wire through a conduit in a floor slab, you might try to recall 
the symbol mentally for "wiring concealed in floor." When you walk into the company 
office and see a duplex receptacle outlet, you should think about its symbol. This 
practice will enable you to associate symbols to actual electrical devices. This type of 
training will help you become a better Construction Electrician. 
Although the symbols in Figure 3-1 are the most common standard symbols, they are 
by no means the only ones you will see in your work. Sometimes a symbol for a 
particular component or device may have been created by the architect or engineer who 
developed the drawing. For various reasons, some of the symbols on a drawing may 
not be standard. Many times you will figure out what a symbol means by analyzing it 
and thinking about what it looks like. The legend on a drawing should show any 
nonstandard symbols and their meanings. 
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Figure 3-1 – Electrical symbols used in construction. 
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Figure 3-1 – Electrical Symbols used in construction continued. 
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Figure 3-2 shows more standard electrical symbols which you may encounter. 

Figure 3-2 – Electrical symbols used in construction. 
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Figure 3-2 – Electrical symbols used in construction continued. 
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Figure 3-2 – Electrical symbols used in construction continued. 
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Figure 3-2 – Electrical symbols used in construction continued. 
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Figure 3-2 – Electrical symbols used in construction continued. 
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Figure 3-2 – Electrical symbols used in construction continued. 
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Figure 3-2 – Electrical symbols used in construction continued. 
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Figure 3-2 – Electrical symbols used in construction continued. 
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Figure 3-2 – Electrical symbols used in construction continued. 
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2.4.0 Types and Weights of Lines Found on Drawings 
Figure 3-3 shows the types of lines an electrician must be able to read and understand. 
These lines are shown as they may appear on a drawing.  

Trim line: a light, continuous line along which the tracing is trimmed to square the 
sheet.  
Border line: a heavy, continuous line that outlines or borders the drawing. The drawing 
is complete within this lined border. 
Main object line: a heavy, unbroken line used to show visible outlines or edges that 
would be seen by people looking at the article, house, or building. The main object line 
is one of the most important lines because it outlines the main wall lines on plans and 
sections. It shows clearly the important parts of the construction and emphasizes the 
outline of the elevations.  
Dimension line: a light line drawing outside the structure or detail to show the distance 
between two points. This thin line is drawn between extension lines with an arrowhead 
terminated on each end. Between the arrowheads, the distance will be given either at a 
break in the line or just above the line. On some drawings, the scale and the distance 
between the two points may not agree; in such cases, the distance will be given in a 
dimension line. 
Extension line: a line that touches and is used with dimension lines. This line extends 
out from the edge or the point at which the dimension is to be determined. 

Figure 3-3 − Construction drawing lines. 
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Equipment line: a light, continuous, unbroken line used to show the location of 
equipment, such as transformers, panels, and galley equipment. This line is used to 
allow the electrician to install the necessary conduit in the proper location during rough-
in work. 
Broken line: a line with wavy breaks in it at intervals. It is used to indicate those parts 
that have been left out or to indicate that the full length of some part has not been 
drawn. The broken line is used in detail drawings where only a section of the object is to 
be shown. 
Hidden (Invisible) line: a line that is made up of medium lines with short evenly spaced 
dashes. It is used to indicate an edge or edges hidden under some other part of the 
structure or concealed edges. 
Center line: a line that is made up of thin lines made up of alternating long and short 
dashes and is used to indicate the center of an object and symmetry about an axis. 
Section line: a solid line that has arrowheads at each end that point in the direction in 
which the section is to be built. This line tells just where the section line has been cut 
through the wall or building. The sections are indicated, in most cases, by the letters A-
A, B-B, and so forth, although numbers are sometimes used. Do not overlook these 
section lines on a plan. To obtain a clear picture of the construction at the particular 
point indicated, always refer to the section detail called for by the letter or number. 
Stair indicator line: a solid line with an arrowhead indicating the direction of the run. 
For example, Up 12-R means that there are 12 risers from floor to floor and that the 
stairs go up. A riser is the vertical part of the step; the flat part on which one steps is the 
tread. In most cases, the floor plan indicates only the run of stairs half the distance 
between floors. For example, the ground floor indicates a broken line that tells you the 
steps continue up. The next floor plan shows the stair indicator line half the distance to 
the first floor, down. 
Break line: a thin solid-ruled line with freehand zigzags used to reduce the size of a 
drawing required to delineate an object and reduce detail. 
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2.5.0 Schedules 
The schedule is a systematic method of presenting notes and information in tabular 
form to make it easily accessible to the craftsman and specification writer. One example 
of a commonly used lighting fixture schedule is shown in Figure 3-4. Similar schedules 
such as the room finish schedule and the mechanical equipment schedule (not shown) 
are very helpful and also should be reviewed. 

2.6.0 Scale Representation 
An architect cannot make his drawings full size. For convenience, he reduces all 
dimensions to some scale. He selects some smaller dimension to represent a foot and 
reduces all dimensions to this unit. A floor plan or an elevation is often drawn at l/48 the 
size of the real building. A drawing 1/48th size would be drawn at a scale of 1/4" = 1'0". 
Each l/4 inch on the drawing equals 1 foot on the actual building. Different scales are 
used to show different areas of the drawings. While floor plans and elevations are 
commonly drawn l/4" = 1'0", detail drawings are drawn at a larger scale, usually 1" = 
1’0”. Sometimes full-scale drawings are used to show a small detail. The scale is 
normally noted in the title block or beside each drawing on the print. 

Figure 3-4 − Schedule representing commonly used lighting fixtures. 
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Scaled drawings are made using an architect’s scale (Figure 3-5). An architect’s scale 
has 11 scales (Table 3-1). The numbers at each end of the architect’s scale designate 
the scale. Figure 3-6 shows an enlarged view of part of an l/4-inch scale. Each division 
on the scale equals 1 foot on the actual building. The small divisions to the right equal 1 
inch on the building, thereby allowing more accurate measurement. This scale is read 
from right to left. Architects and drafters use an architectural scale to draw blueprints. 
Figure 3-7 shows how the scale is used to check a measurement on a blueprint. Note 
how the small divisions (at the right) are used to get exact measurements, in this case, 
8 feet 8 inches. 

 
Figure 3-5 − Architect’s scale. 
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Table 3-1 − Architect’s Scales. 

Scale Relation of Scale to Object 

16 1” = 1’ 

1/4 3” = 1’ 

1/8 1’ 1/2” = 1’ 

1/12 1” = 1’ 

1/16 3/4” = 1’ 

1/24 1/2" = 1’ 

1/32 3/8” = 1’ 

1/48 1/4" = 1’ 

1/64 1/16” = 1’ 

1/96 1/8” = 1’ 

1/128 3/23” = 1’ 

 

 

Figure 3-6 − Enlarged view of part of a 1/4 inch scale. 

Figure 3-7 − Using a scale to check a measurement on a blueprint. 
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2.7.0 Modular Dimensions 
Some blueprints are drawn so that features on the structure fall within a set module or 
measure. A modular system is based upon a grid with a set measure, normally 4 inches 
or a multiple of 4 inches, such as 16, 24, or 48 inches. Walls, floor levels, and openings 
are dimensioned to fall on 4-inch modular lines. This approach reduces building costs 
by coordinating building sizes with standard-sized building materials. For example, 
studs with finish are approximately 4 inches thick and are spaced on 16- or 24-inch 
centers. Plywood panels and drywall sheets come in standard 4-foot by 8-foot sheets. 
Figure 3-8 shows a modular light-frame house used for a small residential building. The 
building is laid out in such a way that standard modular-based building materials can be 
used. Often, modular construction is used to develop complete, finished panels or 
rooms. This process allows standard-size building parts to be fabricated, taken to the 
building site, and erected into place. 

 

2.8.0 Metric Dimensions 
Metric measurement is becoming more common in the United States on construction 
working drawings. NAVFAC drawings now have dimensions in both metric and English. 
The metric scale is used in place of the architect’s and engineer’s scales when 
measurements and dimensions are in meters and centimeters.  

Figure 3-8 − Exploded view of a typical light frame modular house. 
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When you are using scales on a drawing, do not confuse the engineer’s scale with a 
metric scale. They are very similar in appearance. You will often find metric dimensions 
used on blueprints from other countries. Metric drawings are dimensioned in millimeters 
(mm). There are 25.4 millimeters to an inch. A meter is 39.37 inches, a few inches 
longer than an English yard.  
Scales of 1:100 and 1:200 are common scales for metric drawings. One millimeter on 
the drawing represents 100 or 200 millimeters on the actual building.  
Metric blueprints developed in the United States are normally marked “METRIC.” Those 
developed in countries that use the metric system-, however, have no metric notations.  

Test your Knowledge (Select the Correct Response)
2. Which of the following categories is NOT part of a drawing index? 
 

A. Landscaping 
B. Fire Protection 
C. Technology Placement 
D. Irrigation 
 

3. Which of the following construction drawing lines represents a hidden 
dimension? 

 
A. Broken 
B. Hidden 
C. Center 
D. Section 

3.0.0 BLUEPRINTS 
Blueprints are reproduced copies of mechanical or other types of technical drawings. 
The term blueprint reading means interpreting the ideas expressed by others on 
drawings whether the drawings are actually blueprints or not.  
Drawing or sketching is the universal language used by engineers, technicians, and 
skilled craftsmen. Whether this drawing is made freehand or with drawing instruments, it 
is used to convey all the necessary information to the individual who will then fabricate 
and assemble the mechanical device. 

3.1.0 Parts of a Blueprint 
The size, format, location, and information included in the various blocks of military 
blueprints are prepared according to the Military Standards (ML-STD-100) (latest 
revision) Engineering Drawing Practices. American National Standard Institute (ANSI) is 
the mandatory publication used by the Navy for graphic (IEEE 315-1975) and electrical 
wiring (IEEE Y32.9-1972) symbols. Blueprints contain six parts. These standards are 
used on electrical diagrams and electrical drawings. The following paragraphs briefly 
describe the parts of a blueprint. 
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3.1.1 Title Block 
The requirements that determine what information must be included in a title block 
(Figure 3-9) vary. The title block, however, will always contain the title of the drawing, 
the signature of the approving authority, the drawing number, the sheet number (when 
the drawing is one of a set of several sheets), and the number of sheets in the project 
set.  
The Naval Facility Engineering Command (NAVFACENGCOM) also requires the 
following information in title blocks: the name and location of the activity; the 
specifications and contract numbers (if any); the preparing activity, including the 
architect-engineer (A-E) firm, if applicable; and the surnames of the personnel 
concerned in the preparation of the drawings. The code identification number 80091 is 
to appear in the title block of all NAVFACENGCOM drawings as well as a sheet 
designation letter (I - Index, C - Civil, A - Architectural, S - Structural, M - Mechanical, P 
- Plumbing, E - Electrical, and W - Waterfront). 

3.1.4 Drawing Number 
All blueprints are identified by a drawing number that appears in a block in the lower 
right-hand comer of the title block. The drawing number is especially important, both for 
filing the blueprint and for locating it if it is specified on another blueprint. 

3.1.3 Revision Block 
The revision block is usually located in the upper right-hand comer of the blueprint and 
is used for recording changes (revisions) to the print. All revisions are noted in this block 
and are dated and identified by a letter and a brief description of the revision (Figure 3-
10).  
 

 
 
 
 

Figure 3-9 − Title Block. 

Figure 3-10 − Revision Block. NAVEDTRA 14026A 3-26





3.1.4 Scale 
The graphic representation of the project is drawn to some proportion of the actual size 
of the project. One-eighth inch on such a drawing is equal to a foot of the actual size of 
the project. Although the original drawing is scaled accurately, your drawing will be a 
copy of that original and will not likely be the same size as the original drawing. The 
copy may have been reduced slightly or may have stretched or shrunk because of 
temperature and humidity. Because of these factors, do not rely on measurements 
taken by laying a rule on the drawing. For example, do not assume that a number of 
units (as 1/8-inch increments) on the drawing is equal to that same number of feet on 
the project. This may or may not be true. The assumption can result in expensive and 
time-consuming rework. Play it safe and read the dimensions shown on the drawing. 

3.1.5 Legend or Symbols 
The legend, if used, is generally placed in the upper right-hand comer of a blueprint 
below the revision block. The legend explains or defines symbols or special marks 
placed on a blueprint. A symbol may have more than one meaning. It should be noted 
that not all symbols used are from a single standard. The important thing is that you 
understand the meaning of the symbols on the drawing on which you are working. The 
legend will give you that meaning. The legend in Figure 3-11 shows the symbols and 
their meanings from the partial floor plan below it. 

Figure 3-11 − Legend with partial floor plan. 
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3.1.6 Bill of Material 
On a blueprint, the bill of material block contains a list of the parts and material, 
identified by stock number or other appropriate number, used on or required by the print 
concerned. The block also lists the quantity of those parts or materials used or required.  
The bill of material often contains a list of standard parts, known as a parts list or 
schedule. Many commonly used items, such as machine bolts, screws, fittings, and 
valves, have been standardized by the military. Figure 3-12 shows a bill of material for 
an electrical plan.  

Test your Knowledge (Select the Correct Response)
4. Preparation instructions for construction blueprints can be found in which of the 

following publications? 
 

A. ML-STD-100 
B. ML-STD-200 
C. ML-STD-300 
D. ML-STD-400 

4.0.0 PLANS 
You will be working with several types of plans and drawings. These may range from 
simple shop drawings and sketches, made perhaps by your immediate supervisor, to 
construction blueprints created by engineers. For the most part you will be working with 
plans created by architects and engineers. In Seabee construction, a complete set of 
plans for a project consists of civil, architectural, structural, electrical and mechanical 
plans, or drawings. You will spend the majority of your time with electrical drawings, but 
you will need all of these plans together to obtain a full picture of your part of a project 
and how to accomplish it.  

Figure 3-12 − Bill of material. 
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4.1.0 Civil Plans 
Civil plans, (also known as site or plot plans), encompass a variety of drawings and 
information. They furnish essential data about features, such as land contours, roads, 
utilities, trees, structures, site preparation and development, and significant physical 
features, on or near the construction site (Figure 3-13). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-13 − Civil or site plan with existing utilities.
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4.2.0 Architectural Plans 
Architectural plans show the architectural design and composition of a building. They 
include floor plans, exterior elevation plans, and door and window schedules (Figure 3-
14). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-14 − Architectural or floor plan of concrete – masonry construction. 
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4.3.0 Structural Plans 
Structural plans show the support of the building or structure, including walls, columns, 
beams, foundation, roof, and deck slab. They also show their relationship to each other 
(Figures 3-15 and 3-16). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-15 − Structural or foundation plan.
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Figure 3- − Structural plan wall sections.
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4.4.0 Electrical Plans 
Electrical plans contain the electrical distribution system plans, interior wiring drawings, 
and electrical component schedules for a building, or structure. They show wiring 
circuits, light switches, receptacles, light fixtures, and equipment (Figure 3-17). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-17 − Interior electrical plan.
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4.5.0 Mechanical Plans 
Mechanical plans include layouts and details for systems of plumbing, heating, 
ventilating, air conditioning, and refrigeration (Figure 3-18). These systems vary, 
depending on whether they are for a permanent installation with the most modern 
fixtures and equipment or for a temporary installation using less complex equipment. 
Whatever the job, you should work directly from the jobsite plans or working drawings, 
so the finished job is done properly and complies with the plans. 
The chief parts of a mechanical plan are the views of the fixtures and equipment and 
the layout and details of the system. Plans also contain written information in the title 
block; the scales; the lines, symbols, and abbreviations; the print notes; the revision 
block; the drawing, reference, and zone numbers; and the bill of material. 

4.6.0 Isometric Sketching 
You may not be able to sketch or draw objects exactly as they should look or as a two-
dimensional orthographic picture. However, with the aid of some basic rules and 
practice, you can learn to draw an isometric sketch. 

4.6.1 Purpose of the Isometric Drawing 
The purpose of an isometric drawing is to show a three-dimensional picture in one 
drawing. It resembles a picture without the artistic details. Many Construction 
Electricians have difficulty visualizing an electrical wiring installation clearly when they 
work from a floor plan to an elevation drawing and back again. The isometric drawing 
combines the floor plan and the elevation. It clearly shows the details and relationships 
of the pipes in a piping installation. 

Figure 3-18 − Mechanical plan air conditioning system. 
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Normally, isometric drawings are NOT drawn to scale on blueprints; however, when you 
sketch out an isometric drawing, you have the option of drawing it to scale. 
The isometric drawing follows certain rules or conventions to show three dimensions on 
a flat surface. These rules are as follows: 
1. Vertical lines in an orthographic elevation remain vertical in an isometric sketch. 
2. Horizontal lines in an orthographic elevation are projected at an angle of 30 degrees 

and 60 degrees in an isometric drawing. 

4.6.2 Comparison of Isometric and Orthographic Drawings 
Compare the simple rectangular block shown in the orthographic representation in view 
A, Figure 3-19, and the three-dimensional-view isometric representation in view B. 
Notice that the vertical lines of the orthographic drawing and isometric drawing (views A 
and B) remain vertical. The horizontal lines of the orthographic drawing are NOT 
horizontal in the isometric drawing but are projected at 30-degree and 60 degree 
angles, and the length of the lines remains the same in the isometric as they were in the 
orthographic. 

Once you understand the drawing in Figure 3-19, the same idea can be applied to the 
drawing of the shape of a room, as shown in Figures 3-20 and 3-21. 

Figure 3-19 − Orthographic and isometric drawings. 
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4.6.3 Drawing an Isometric View 
To determine the pipe layout, you can draw the dimensions of a room in several ways. 
Some Engineering Aids suggest that the lines of the room be drawn with fine, light lines, 
and the pipe diagram with heavy, dark lines to give the effect of a transparent room you 
can see into, as shown in Figure 3-22. This method requires drafting room equipment 
and is difficult in field sketching. 
Another means of visualizing the layout is to “section” or remove from the drawing those 
parts in front of what is important to show. The usual section in a electrical wiring layout 
leaves the ceiling and two walls out of the drawing, as shown in view C of Figure 3-22. 
A third method is simpler in that the room is shown only in a partial floor plan view, as 
shown in view D, Figure 3-22. The walls are omitted from the drawing entirely. The walls 
are understood to be there, but they are left out of the drawing so that it shows the 
piping diagram without unnecessary details. 
To lay out a 45-degree angle in an isometric drawing, draw a square and lay out the 45-
degree angle, as shown in view A, Figure 3-23. Now look at view B and you will see a 
block with a 45-degree chamfer. The chamfer is located by measuring equal distances 
from the corner that would ordinarily be there. 

Figure 3-20 − Isometric drawing of a 
room. 

Figure 3-21 − Isometric drawing of a 
room and drainage pipe. 
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A piping diagram with a 45-degree angle, as shown in view C, is very similar to the lines 
for part of the block, as shown in view B. To draw a 45-degree angle in an isometric 
drawing, begin with a 90-degree angle. Measure an equal distance from the intersection 
of the two legs connecting these points; then establish two sides of a square. By 
connecting these points, you have established the diagonal, which is a 45-degree angle. 
In view C, point A would be the intersection of the two legs of a 90-degree angle, 
measured an equal distance along each leg; three fourths of an inch is used here. Now, 
locate points B and C. Connect points B and C, and you have established the 45-
degree offset. 

Figure 3-22 − Isometric layout. 
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4.6.4 Dimensioning an Isometric                
Drawing 
An isometric drawing, or sketch, is dimensioned 
with extension and dimension lines nearly like a 
two-dimensional drawing. The extension lines 
extend from the drawing, so the dimension lines 
are parallel to the object line and of equal length to 
it. 
The isometric drawing is more difficult to 
dimension because there is only a single view, 
and less room is available than on three separate 
views. Figure 3-24 shows a dimensioned isometric 
drawing for part of a pipe hanger. In making the 
isometric pipe diagram, refer to the architect’s 
plans and “rough in” sheets for accurate 
information. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Test your Knowledge (Select the Correct Response)
5. Which of the following types of plans indicate foundation dimensions? 
 
 A. Electrical 
 B. Mechanical 
 C. Structural 
 D. Civil 

Figure 3-23 − Isometric 45-
degree squares, chamfers, 

and diagonals. 

Figure 3-24 − Isometric drawing of a 
wiring hanger. 
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5.0.0 SPECIFICATIONS 
Even well-drawn construction drawings cannot adequately reveal all the aspects of a 
construction project. Many features cannot be shown graphically. For instance, how can 
anybody show on a drawing the quality of workmanship required for installation of 
electrical equipment or who is responsible for supplying the materials? These can only 
be done by extensive hand-lettered notes. The standard procedure then is to 
supplement construction drawings with written descriptions. These detailed written 
instructions, commonly called specifications (specs), define and limit the materials and 
fabrication according to the intent of the engineer or designer. The specifications are an 
important part of the project because they eliminate possible misinterpretation and 
ensure positive control of the construction. 
There are many different types of specifications. A few of those common to the Naval 
Construction Force (NCF) will be discussed here. 

5.1.0 NAVFACENGCOM Specifications 
The Naval Facilities Engineering Command prepares the Naval Facilities Engineering 
Command (NAVFACENGCOM) specifications, which sets forth the standards of 
construction for the NCF and all work performed under the jurisdiction of the 
NAVFACENGCOM.  
Several types of specifications influence the preparation of NCF project specifications. 
These include NAVFACENGCOM guide specifications and type specifications; 
commercial specifications and standards; technical society and association standards, 
such as American National Standards Institute (ANSI) and Underwriters Laboratories 
(UL); and manufacturers’ standards. 

5.2.0 Federal and Military Specifications 
Federal specifications cover the characteristics of materials and supplies used jointly by 
the Navy and other government agencies. Federal specifications do not cover 
installation or workmanship for a particular project but specify the technical 
requirements and tests for materials, products, and services. Federal specifications 
dictate the minimum requirements acceptable for use of all federal agencies. The 
engineering technical library should contain all of the commonly used federal 
specifications pertinent to Seabee construction. 
Military specifications are those specifications that have been developed by the 
Department of Defense. Like federal specifications, they also cover the characteristics 
of materials. They are identified by MIL preceding a letter then a serial number, e.g., 
MIL-L-19140C (lumber and plywood, fire-retardant treated). 
Your main concern will be with project specifications. Even if you do not see them, you 
should know that they exist and what kind of information they include. 

5.3.0 Project Specifications 
Construction drawings are supplemented by written project specifications. Project 
specifications give detailed information regarding materials and methods of work for a 
particular construction project. They cover various factors relating to the project, such as 
general conditions, scope of work, quality of materials, standards of workmanship, and 
protection of finished work. The drawings, together with the project specifications, define 
the project in detail and show exactly how it is to be constructed. Usually, a set of 
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project specifications accompanies any set of drawings for an important project. The 
drawings and project specifications are inseparable. The drawings indicate what the 
project specifications do not cover, and the project specifications indicate what the 
drawings do not portray or clarify details not covered or amplified by the drawings and 
notes on the drawings. Whenever information on the drawings conflicts with project 
specifications, the project specifications take precedence. 
The general requirements are usually the first specifications listed for the structure, 
stating the type of foundation, character of load-bearing members (wood frame, steel 
frame, or concrete), type or types of doors and windows, types of mechanical and 
electrical installations, and the principal function of the building. Next follows the specific 
conditions that must be carried out by the constructors. These are grouped in divisions 
(17) under headings applying to each major phase of construction, such as the following 
typical list of divisions: 
1. GENERAL REQUIREMENTS 
2. SITE WORK 
3. CONCRETE 
4. MASONRY 
5. METALS 
6. CARPENTRY 
7. MOISTURE CONTROL 
8. DOORS, WINDOWS, AND GLASS 
9. FINISHES 
10. SPECIALTIES 
11. EQUIPMENT 
12. FURNISHINGS 
13. SPECIAL CONSTRUCTION 
14. CONVEYING SYSTEMS 
15. MECHANICAL 
16. ELECTRICAL 
17. EXPEDITIONARY STRUCTURES 
Sections under one of these general categories sometimes begin with general 
requirements for that category. For example: under DIVISION 16 - ELECTRICAL, the 
first section might read as follows: 
 16. - 0l. - General Requirements. - Electrical installation must conform to the 
           requirements of the National Electrical Code©. This includes all temporary work 
           and the complete installation. The service entrance equipment must conform to 
           the requirements of the local electric utility company if it is the source of electric 
           power for the building or facility. 
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Subsequent sections under DIVISION 16. - ELECTRICAL would specify various quality 
criteria and standards of workmanship for the different types of electrical installation 
work; for example: 

16. - 05. - Installation of Wires and Cables. Installation of wire in conduit is made 
with the use of pull lines or fish tapes and an approved wire-pulling lubricant. 
Suitable equipment should be provided to prevent cutting or abrasion of 
conductor insulation during the pulling of the wires. Lubricating compound must 
not have a harmful effect on the conductor insulating materials. All wires in a 
conduit are bundled and pulled at one time. Pulling lines are attached by direct 
connection to the conductors or by the use of a cable grip. Slack is provided at 
attachment of devices or splicing. In outlet boxes, for future installation of wiring 
devices, the ends of wires are insulated with tape or a suitable wire connector. All 
conductors of each circuit in a junction box containing multiple circuits must be 
permanently identified with suitable labels. 

The moment your battalion or unit receives orders to undertake a major construction 
project, watch for the arrival of sets of drawings and specifications, which are usually 
provided well in advance of the deployment period. These drawings and specifications 
will also be the basis for the Planning & Estimating (P&E) and scheduling. Take a look 
at the specifications. 

6.0.0 TYPES of DRAWINGS and DIAGRAMS 
The types of drawings discussed here include working drawings, architectural drawings, 
mechanical drawings, shop drawings, and electrical diagrams. 

6.1.0 Freehand Sketches 
When installing electrical systems and circuits, you will sometimes have to exchange 
information about your job with others. A freehand sketch can be an accurate and 
concise way to communicate this information. 
This type of drawing is informal in character, may or may not be drawn to scale, and 
need not follow any particular format. A sketch can be used in many ways. One 
example of how to use a sketch is to show a necessary field change. No matter how 
well a project is planned, occasionally field changes have to be made. 
You may see that a field change is necessary because a conduit run cannot practically 
be routed according to the approved drawing or plan. You can make a freehand 
sketch showing only what has to be changed. The sketch may include dimensions, 
symbols, and other information needed to convey to someone else (like the project 
supervisor or project chief) your idea of the required change. 

6.2.0 Construction Drawings 
A construction drawing is any drawing that furnishes the information required by the 
craftsmen to rough in equipment or erect a structure. The terms working drawings and 
construction drawings are sometimes used interchangeably. Information presented in 
a set of working drawings, along with the specifications, should be complete so the 
craftsman who uses them will require no further information. 
Working drawings show the size, quantity, location, and relationship of the building 
parts. Generally, working drawings may be divided into three main categories: 
architectural, mechanical, and electrical. 
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Regardless of the category, working drawings serve several functions: 
● They provide a basis for making material, labor, and equipment estimates before 

construction starts. 
● They give instructions for construction, showing the sixes and location of the 

various parts. 
● They provide a means of coordination between the different ratings. 
● They complement the specifications; one source of information is incomplete 

without the other when drawings are used for construction work. 

6.2.1 Architectural Drawings 
Architectural drawings consist of all the drawings that describe the structural members 
of the building and their relationship to each other. This includes foundation plans, floor 
plans, framing plans, elevations, sections, details, schedules, and bills of materials. 

6.2.2 Plans 
A plan is a part of the architectural drawing that represents a view of the project from 
above. Two types of plans will be discussed here: plot plans and floor plans. 

6.2.2.1 Plot Plans 
A plot plan (also called a site or civil plan) includes not only the project but also the 
surrounding area. The plot plan may represent the project only by an outline, such as 
the Director's Quarters project on the plot plan in Figure 3-25. It shows the grades at 
fixed points throughout the area in order to show how the land slopes before 
construction is started and the finished grade after construction is completed. It also 
shows the north arrow symbol, used for orientation of the drawing. The Construction 
Electrician may have to have a plot plan to construct a pole line to the project site at or 
near the earliest phase of construction. Another example is when the slope and grade of 
the surrounding area requires change and you have to bury cable or conduit. You must 
know what the finished grade is and how deep to dig. This type of work requires close 
coordination between you, the Engineering Aids, Equipment Operators, and Builders. 
By looking over the plot plan, you will know what to do to prepare for the job. 
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Figure 3-26 shows another type of plot plan. In view A are five buildings to be supplied 
with electricity for power and lighting. An electrical layout has been superimposed on 
the plot plan General notes (Figure 3-26, view B); one detail (Figure 3-26, view C) and 
section A-A (Figure 3-26, view D) of that detail are shown The dotted line at the bottom 
of the page indicates underground ducts containing previously laid cable. 
 

Figure 3-25 − Plot plan including “Director’s Quarters” project. 
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Figure 3-26 − Plot plan with electrical layout, general notes, detail, and section 
drawings. 
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The design engineer has decided to tap the cable at manhole 22 and run lines overhead 
to dead-end at the rear of building 126. Figure 3-26, view C, shows that lines are to be 
run underground from manhole 22 to the first pole crossarms. At building 126, lines are 
to be carried down the pole, regathered through a pothead into the conduit again, and 
run underground to a concrete slab, and out through another pothead to a transformer 
bank. Where do you get this information? Refer to Figure 3-27. 
Figure 3-27 shows detail B that is indicated in Figure 3-26, view A. This represents the 
installation behind building 126 where the overhead line terminates. The last pole in the 
system is shown in the lower left comer. From the pole to the transformer bank, the 
underground conduit is indicated by dotted lines. The conduit runs underground to the 
concrete slab on which the transformers rest. Section A-A gives construction details of 
the slab. 

6.2.2.2 Floor Plans 
Imagine that you want to know the outline of a building, such as the one shown in 
Figure 3-28, view A, including each partition, and you are equipped with a huge saw. If 
you sawed the building in half horizontally and looked down on it from above, you would 
see the complete outline of the building (view B). This particular view directly above 

would be called a floor plan (view C). Architects and engineers project their thoughts of 
a building, not yet built, onto a piece of paper and call it a floor plan. It does not matter 

Figure 3-27 − Detail B indicated in Figure 3-26. 

Figure 3-28 − Floor plan development. 
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that the heights of the outlets, appliances, or building parts are different. These heights 
will be indicated by figures in inches or feet, next to the symbols that represent them. 
Electrical construction drawings are floor plans modified by the inclusion of electrical 
symbols. 
Figure 3-29 shows an electrical layout superimposed on an outline taken from an 
architectural floor plan. The service line that brings power into the house is a three-wire 
line in 1 1/4-inch conduit. The service line feeds power by way of a service switch to 
alighting panel, from which three branch circuits run to the lighting fixtures and 
convenience outlets in the rooms. The symbols for these fixtures and outlets and the 
service switch are shown at the bottom of Figure 3-29. 

 

6.3.0 Elevations 
An elevation is a drawing that represents a view of the finished structure as you would 
see it from the front, back, left, or right. There are interior elevations, such as a view of a 
fireplace, as well as exterior elevations, as shown in the elevations of a small building 
shown in Figure 3-30. 
Elevations show doors, windows, shapes of roof, chimneys, and exterior materials. 
These views provide the viewer with a finished appearance. 

Figure 3-29 − Electrical floor plan layout. 
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Elevations give few dimensions. An elevation view generally includes only those vertical 
dimensions that cannot be shown on the plan. A Construction Electrician can quickly 
see from any one of the elevations in Figure 3-30 that there is an attic which would 
provide easy access to electrical wiring. This is important where there is a requirement 
for junction boxes that must be accessible. The electrician can also see a foundation 
wall where, if a service lateral is required, a conduit or sleeve must be placed (for a later 
run of conduit). This knowledge will allow the electrician to plan ahead to work with the 
Builders when they build the forms. The conduit will be placed in or through the form 
before the concrete is poured. 

6.4.0 Mechanical Drawings 
Mechanical drawings include all drawings and notes that have to do with water supply, 
sewage, drainage, heating and ventilating, refrigeration, air conditioning, and gas supply 
systems. It may also include other drawings necessary to present the system properly in 
relation to the other portions of the project. 

6.5.0 Shop Drawings 
Shop drawings are drawings and related data used to show some portion of the work 
prepared by the construction contractor, manufacturer, distributor, or supplier. Product 
data, such as brochures, illustrations, standard schedules, performance charts, and 
other information, are furnished by the contractor or the manufacturer to show a 
material, product, or system for some portion of the work. Engineering Aids are 
sometimes required to draft shop drawings for minor shop and field projects. These 

Figure 3-30 − Elevations. 
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drawings may include shop items, such as doors, cabinets, and small portable buildings 
(prefabricated berthing quarters and modifications of existing structures), or they may 
come from portions of design drawings, specifications, or freehand sketches given by 
the design engineer. Working from a shop drawing is much like working from other 
working drawings. You convert the ideas you get from your interpretation of the lines 
and symbols into the product represented by the drawing. 

6.6.0 Electrical Diagrams 
In addition to the construction 
drawings discussed above, you 
will be working with other types 
of electrical drawings or 
diagrams. These drawings 
show the arrangement and 
relationship of parts. Electrical 
diagrams are usually used to 
show how the parts of one or 
more pieces of equipment are 
wired together. There are 
several types of these 
diagrams. They are similar, yet 
different in some way. The short 
description of each that follows 
should enable you to recognize 
their differences. 

6.6.1 Isometric Diagram 
The isometric diagram is not 
often seen in electrical work. It 
may be used to show the electrical wiring system in multilevel buildings. Appliances 
sometimes have an isometric diagram glued to an access panel so that it may be 
referred to for a quick look at an 
entire wiring system. (See 
Figure 3-31.) 

6.6.2 Block Diagram 
A block diagram is a simple 
drawing showing the 
relationships of major parts of a 
wiring circuit or system. Figure 
3-32 shows a block diagram of 
a motor control system. You 
can easily see how it gets its 
name. 
Sometimes the blocks are 
connected by only one line that 
may represent one or more 
conductors or cables. Blocks 
may represent major or minor 
components or parts. This type 

Figure 3-31 − Isometric wiring diagram. 

Figure 3-32 − Block diagram.
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of diagram is often used to show something of the relationship of components in a 
power distribution system. The block diagram provides little help in troubleshooting. 

6.6.3 Wiring Diagram 
The wiring diagram is almost a picture drawing. It shows the wiring between 
components and the relative position of the components. Figure 3-33 shows a wiring 
diagram of the same motor 
control system represented by 
the block diagram in Figure 3-
32. In the wiring diagram, 
components are shown much 
as they would appear in a 
picture. The lines representing 
wires are marked with numbers 
or letter-number combinations. 
Lines L1, L2, and L3 are 
incoming power leads. The 
diagram shows which terminals 
these power leads are 
connected to in the motor 
starter. Leads connected to 
terminals T1, T2, and T3 are 
the motor leads. 
The numbers without letters 
mark the control terminals of 
the starter. Wiring diagrams are 
often used along with a list of 
repair parts. Wiring diagrams 
may be of some help in 
troubleshooting circuit problems. 

6.6.4 Connection Diagram 
Figure 3-34 is a connection 
diagram. By comparing the 
symbols from this diagram to 
those in Figure 3-2, you can see 
that graphic symbols represent 
parts or components in the 
connection diagram. The 
connection diagram in Figure 3-
34 is a combination of basic 
symbols (like the open-contact 
symbol). You can see how the 
controller pictured in Figure 3-33 
works internally. 
The connection diagram shows 
all the internal and external 
connections. The circuitry can be 
traced more easily on it than on 
the wiring diagram. The 

Figure 3-33 − Wiring diagram. 

Figure 3-34 – Connection diagram. NAVEDTRA 14026A 3-49





components are still shown in their relative positions. You can use this diagram to help 
you connect all the wiring and trace any part of the circuit. The connection diagram is a 
valuable troubleshooting tool. This type of diagram is often found inside the access 
cover of a piece of equipment. 

6.6.5 Schematic Diagram 
The schematic or elementary 
diagram (Figure 3-35) is a 
drawing that shows the 
electrical connections and 
functions of a specific circuit 
arrangement. It facilitates 
tracing the circuit and its 
functions without regard to the 
physical size, shape, or relative 
position of the component 
device or parts. The schematic 
diagram, like the connection 
diagram, makes use of symbols 
instead of pictures. Figure 3-35 
shows, by a schematic diagram, 
the same motor control system 
shown in Figures 3-32, 3-33, 
and 3-34. This diagram is laid 
out in a way that makes the 
operation of the components 
easy to understand. This type of 
schematic diagram with the 
components laid out in a line is sometimes called a one line or single-line diagram. 
Most schematic diagrams are more complicated than the one shown in Figure 3-35. The 
more complicated ones can be broken down into one line diagrams, circuit by circuit. 
You can draw (or freehand sketch) your own one line diagram by tracing only one 
circuit, component by component, through a multicircuit schematic, using the symbols in 
Figure 3-2. Circuits "A" and "B" in Figure 3-36 show only the control circuit from Figure 
3-34 laid out in one-line form. From these simple circuits, it is easy to see that as soon 
as the start button is pushed, the “M” coil (operating coil of the motor controller) will be 

Figure 3-35 − Schematic diagram. 

Figure 3-36 − One line diagram of a motor control circuit.
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energized. The operating coil is now held closed through the "M" contacts. 
Your own freehand sketches can help you understand other types of diagrams as well 
as the schematic. You may vary these sketches to suit your needs. You may draw a 
one-line diagram, using symbols, from a wiring diagram, an isometric diagram, or a 
connection diagram, as long as all the necessary details are there for you to convert to 
lines and symbols. 

Summary 
Your use of blueprints and plans is an integral part of each day on a construction 
project. You need solid blueprint, floor, and plot plan reading skills on the job, whether 
you’re cutting wood, applying paint to a wall, or installing wiring. All above skills are 
critical for any construction crewmember.  
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Review Questions (Select the Correct Response)
1. Labor required to support construction operations but does not, in itself, produce 

an end product is known as what? 
 

A. Indirect Labor 
B. Direct Labor 
C. Planning Labor 
D. Construction Labor 

 
2. Which of the following estimates is used to provide the basis for material 

deliveries? 
 
A. Equipment Estimates 
B. Manpower Estimates 
C. Activity Estimates 
D. Material Estimates 

 
3. Labor expended directly on assigned construction tasks is known as what type of 

labor? 
 
A. Indirect Labor 
B. Direct Labor 
C. Planning Labor 
D. Construction Labor 

 
4. Which of the following pieces of documentation contains the vendor’s name for 

equipment used on a construction project? 
 
A. Activity Report 
B. Equipment Guide List 
C. Master Planning Document 
D. Bill of Material 

 
5. Which of the following estimates is used to provide direct labor man-days? 
 

A Equipment Estimates 
B. Manpower Estimates 
C. Activity Estimates 
D. Material Estimates 

 
6.  Which of the following estimates is used to provide a description of material to be 

used on a construction project? 
 

A. Equipment Estimates 
B. Manpower Estimates 
C. Activity Estimates 
D. Material Estimates 
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7. Process of determing when an action must be taken is also known as what? 
 

A. Planning 
B. Scheduling 
C. Estimating 
D. Labor 

 
8. When inconsistencies are found between drawings and specifications, which 

document takes precedence? 
 
A. Drawings 
B. Blueprints 
C. Specifications 
D. Floor Plan 

 
9. A building project is divided into how many phases? 
 

A. 2 
B. 4 
C. 6 
D. 8 

 
10. Which of the following is developed in the first phase of a building project? 
 

A. Preliminary Drawings 
B. Shop Drawings 
C. Presentation Drawings 
D. Working Drawings 

 
11. When are working drawings developed? 
 

A. First Phase 
B. Second Phase 
C. Third Phase 
D. Fourth Phase 

 
12. Which of the following is NOT a source of information during the estimating 

phase of a project? 
 
A. Construction Drawings 
B. Specifications 
C. Bill of Materials 
D. Activity Report 

 
13. How many categories of drawings can be indexed on construction drawings? 
 

A. 4 
B. 6 
C. 8 
D. 10 
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14. When are as-built drawings necessary? 
 

A. To illustrate a specific task 
B.   To illustrate construction deviations
C. To illustrate plot elevations 
D. To illustrate power pole locations 
 

15. Which of the following is defined as a heavy, continuous line that outlines or 
borders the drawing? 

 
A. Trim Line 
B. Border Line 
C. Dimension Line 
D. Main object Line 

 
16. Which of the following is defined as a light line drawing outside the structure to 

show the distance between two points? 
 

A. Dimension Line 
B. Trim Line 
C. Main object Line 
D. Border Line 

 
17. Which of the following defines a light, continuous line along which the tracing is 

trimmed to square the sheet? 
 

A. Dimension Line 
B. Border Line 
C. Trim Line 
D. Main Object Line 

 
18. Which of the following defines a heavy, unbroken line used to show visible edges 

that would be seen by individuals looking at the house? 
 

A. Dimension Line 
B. Border Line 
C. Trim Line 
D. Main Object Line 
 

19. (True or False) Equipment Line is defined as a light, continuous, unbroken line 
used to show the location of equipment. 

 
A. True 
B. False 

 
20. Which type of line is used to indicate edges hidden under part of the structure? 
 

A. Section Line 
B. Invisible Line 
C. Broken Line 
D. Extension Line 
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21. Which of the following lines use an arrowhead to indicate direction of a 
staircase? 

 
A. Section Line 
B. Broken Line 
C. Stair Indicator Line 
D. Equipment Line 

 
22. Which of the following is defined as a thin solid ruled line with freehand zigzags 

used to reduce the size of a drawing? 
 

A. Broken Line 
B. Center Line 
C. Extension Line 
D. Break Line 

 
23. (True or False) Schedules are systematic method of presenting information in a 

block format. 
 

A. True 
B. False 

 
24. By using the following scale (1/4" = 1'0"), if a wall depicted in a drawing 

measures 4 1/2", what is the actual length of the wall? 
 

A. 17 Feet 
B. 18 Feet 
C. 19 Feet 
D. 20 Feet 

 
25. How many scales are located on an architect’s scale? 
 

A. 7 
B. 9 
C. 11 
D. 13 

 
26. How long is meter in inches? 
 

A. 19.37 inches 
B. 25.37 inches 
C. 32.56 inches 
D. 39.37 inches 

 
27. How many parts are there to a blueprint? 
 

A. 2 
B. 4 
C. 6 
D. 8 
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28. The signature of the approving authority is located in which part of a blueprint? 
 

 A. Title Block
B. Revision Block 
C. Legend 
D. Bill of Material 

 
29. While reviewing a set of blueprints, you notice a sheet designation letter of “C”. 

What does this letter represent? 
 

A. Cost 
B. Civil 
C. Concrete Type 
D. Code 

 
30. Drawing number is located in what position on a blueprint? 
 

A. Upper right hand corner 
B. Lower left hand corner 
C. Lower right hand corner 
D. Upper left hand corner 

 
31. Revision number is located in what position on a blueprint? 
 

A. Upper left hand corner 
B. Lower right hand corner 
C. Lower left hand corner 
D. Upper right hand corner 

 
32. Which of the following parts of a blueprint contains a list of materials needed for 

the job depicted on print? 
 

A. Bill of Material 
B. Legend 
C. Title Block 
D. Revision Block 

 
33. Which of the following plans contain tree locations for a job site? 
 

A. Architectural 
B. Civil 
C. Structural 
D. Electrical 
 

34. Which of the following delineates a door schedule? 
 

A. Civil Plans 
B. Structural Plans 
C. Architectural Plans 
D. Mechanical Plans 
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35. Which set of plans would contain interior wiring drawings? 
 

A. Mechanical 
 B. Civil

 C. Architectural
D. Electrical 

 
36. Which type of drawing is a combination of a floor plan and elevation drawing? 
 

 A. Isometric
B. Working 

 C. Wiring
D. Plumbing 
 

37. Horizontal lines in an orthographic elevation are projected at what angle? 
 

A. 10°  
B. 30°  
C. 75°  
D. 90°  

 
38. Which of the following commands sets forth the standards of construction for the 

NCF? 
 
A. NAVSEA 
B. NAVSYSCOM 
C. NAVFACENGCOM 
D. CECOS 

 
39. How many divisions are associated with project specifications? 
 

A. 11 
B. 13 
C. 15 
D. 17 

 
40. Which one of the following is NOT a division of project specifications? 
 

A. Cost 
B. Masonry 
C. Finishes 
D. Moisture Control 

 
41. Which of the following provide a means of coordination between the different 

ratings? 
 

A. Architectural Drawings 
B. Working Drawings 
C. Electrical Schematics 
D. Plot plans 
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42. Which of the following plans will show the slope of the land prior to construction? 
 

A. Architectural 
B. Civil 
C. Plot 
D. Mechanical 

 
43. (True or False) Elevation drawings represent a view of a finished structure from 

the front. 
 

A. True 
B. False 

 
44. Which of the following is defined as a simple drawing showing the relationship of 

major parts of a wiring circuit? 
 

A. Isometric Diagram 
B. Connection Diagram 
C. Block Diagram 
D. Wiring Diagram 

 
45. Which of the following shows the wiring between components and the relative 

position of the components? 
 

A. Isometric Diagram 
B. Connection Diagram 
C. Block Diagram 
D. Wiring Diagram 

 
46. Which of the following is a drawing that shows the electrical connections? 
 

A. Schematic Diagram 
B. Connection Diagram 
C. Wiring Diagram 
D. Block Diagram 
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Trade Terms Introduced in this Chapter 
Blueprint Reading Interpreting the ideas expressed by others on drawing 

whether the drawings are actually blueprints or not 

Chamfer To cut a furrow in (as a column) 

Presentation Drawings Show the proposed building or facility in an attractive 
setting in its natural surroundings at the proposed site 

Shop Drawings Supplied by manufacturers to show fabrication of 
building parts 
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Additional Resources and References 
This chapter is intended to present thorough resources for task training. The following 
reference works are suggested for further study. This is optional material for continued 
education rather than for task training. 
Blueprint Reading and Sketching, NAVEDTRA 12014, Naval Education and Training 
Program Management Support Activity*, Pensacola, FL, 1994. 
Graphic Symbols for Electrical and Electronics Diagrams, American National Standard, 
ANSI 2.2-1975, The Institute of Electrical and Electronics Engineers, NY, 1986. 
Graphic Symbols for Electrical Wiring and Layout Diagrams, American National 
Standard, ANSI Y32.9-1972,  
Policy and Procedures for Project Drawing and Specification Preparation MILHDBK-
1006/1A, Chesapeake Division, Naval Facilities Engineering Command, Washington 
DC, 1995. 
Putnam, Robert, Construction Blueprint Reading, Englewood Cliffs, NJ, 1985. 

U.S. Metric Association: http://lamar.colostate.edu/~hillger/ 
Tools and Their Uses. NAVEDTRA 14256. June 1992. 

NAVEDTRA 14026A 3-60



 
 

CSFE Nonresident Training Course – User Update 
CSFE makes every effort to keep their manuals up-to-date and free of technical errors. 
We appreciate your help in this process. If you have an idea for improving this manual, 
or if you find an error, a typographical mistake, or an inaccuracy in CSFE manuals, 
please write or email us, using this form or a photocopy. Be sure to include the exact 
chapter number, topic, detailed description, and correction, if applicable. Your input will 
be brought to the attention of the Technical Review Committee. Thank you for your 
assistance. 
Write: CSFE N7A 

3502 Goodspeed St. 
Port Hueneme, CA   93130 

FAX: 805/982-5508 
 E-mail: CSFE_NRTC@navy.mil

 
Rate____ Course Name_____________________________________________ 

 
Revision Date__________ Chapter Number____ Page Number(s)____________  

 
Description 
_______________________________________________________________ 
_______________________________________________________________ 
_______________________________________________________________ 
 
(Optional) Correction 
_______________________________________________________________ 
_______________________________________________________________ 
_______________________________________________________________ 
 
(Optional) Your Name and Address 
_______________________________________________________________ 
_______________________________________________________________ 
_______________________________________________________________ 
 

 
 

NAVEDTRA 14026A 3-61


	A9R5092.tmp.pdf
	Front Cover
	Copyright
	Table of Contents
	CE Basic Chapter 1 Basic Electrical Theory and Math
	Chapter 1
	Basic Electrical Theory and Mathematics
	Overview
	Objectives
	Prerequisites
	Features of this Manual
	1.0.0 BASIC MATHEMATICS
	1.1.0 Parts of a Whole Number
	1.2.0 Decimals
	1.2.1 Adding Decimals
	1.2.2 Subtracting Decimals
	1.2.3 Multiplying Decimals
	1.2.4 Dividing Decimals

	1.3.0 Fractions
	1.3.1 Reducing Fractions to Their Lowest Terms
	1.3.2 Comparing Fractions and Finding the Lowest Common Denominator
	1.3.3 Adding Fractions
	1.3.4 Subtracting Fractions
	1.3.5 Multiplying Fractions
	1.3.6 Dividing Fractions

	1.4.0 Conversions – Fractions and Decimals
	1.4.1 Converting Fractions to Decimals
	1.4.2 Converting Decimals to Fractions
	1.4.3 Converting Inches to Decimal Equivalents in Feet

	1.5.0 Ratios and Proportions
	1.5.1 Ratios
	1.5.2 Proportions

	1.6.0 Percentages
	1.7.0 Conversions – Percentages and Decimals
	1.7.1 Converting Percentages to Decimals
	1.7.2 Converting Decimals to Percentages

	1.8.0 Square Roots
	1.9.0 Metric System
	1.9.1 Units of Weight
	1.9.2 Units of Length
	1.9.3 Units of Volume
	1.9.4 Units of Temperature
	1.9.5 Metric Conversion

	1.10.0 Using Measuring Tools
	1.10.1 Using a Standard Ruler
	1.10.2 Using the Architect’s Scale

	1.11.0 Construction Geometry
	1.11.1 Angles
	1.11.1.1 Acute Angle
	1.11.1.2 Right Angle
	1.11.1.3 Obtuse Angle
	1.11.1.4 Straight Angle
	1.11.1.5 Adjacent Angles
	1.11.1.6 Opposite Angles
	1.11.2 Shapes
	1.11.2.1 Rectangle
	1.11.2.2 Square
	1.11.2.3 Triangle
	1.11.2.4 Circle
	1.11.3 Area of Shapes
	1.11.3.1 Rectangle
	1.11.3.2 Square
	1.11.3.3 Triangle
	1.11.3.4 Circle
	1.11.4 Volume of Shapes
	1.11.4.1 Rectangular Shape
	1.11.4.2 Cube
	1.11.4.3 Cylinder
	1.11.4.4 Triangular Shape


	2.0.0 ELECTRICAL TERMS and SYMBOLS
	2.1.0 General Information
	2.1.1 Voltage
	2.1.2 Current
	2.1.3 Resistance
	2.1.4 Power

	2.2.0 Types of Electricity
	2.2.1 Direct Current
	2.2.2 Alternating Current
	2.2.3 Electrical Components


	3.0.0 ELECTRICAL THEORY
	3.1.0 General Background Information
	3.1.1 Atomic Structure
	3.1.1.1 Nucleus
	3.1.1.1.1 Proton
	3.1.1.1.2 Neutron
	3.1.1.2 Electrons
	3.1.1.2.1 Electrical Charge
	3.1.1.2.2 Valence Ring
	3.1.2 Effects of Current Flow
	3.1.2.1 Magnetism
	3.1.2.2 Heat
	3.1.2.3 Chemical Action
	3.1.2.4 Physical Shock
	3.1.3 Relationship of Voltage, Current, and Resistance
	3.1.3.1 Voltage to Current
	3.1.3.2 Resistance to Voltage
	3.1.3.3 Resistance to Current
	3.1.4 Ohm’s Law


	4.0.0 PRINCIPLES of DC
	4.1.0 Identifying Principles of DC
	4.1.1 Sources of DC
	4.1.1.1 Battery
	4.1.1.2 Symbol
	4.1.1.3 Chemical Action
	4.1.1.4 Primary Cell
	4.1.1.5 Secondary Cell
	4.1.2 DC Generator
	4.1.2.1 Conductor
	4.1.2.2 Magnetic Field
	4.1.2.3 Relative Motion
	4.1.3 Split Rings

	4.2.0 Characteristics of DC
	4.2.1 Flows in One Direction
	4.2.2 Relationship of Voltage, Current, and Resistance (Ohm’s Law)


	5.0.0 PRINCIPLES of AC
	5.1.0 Principle Definitions
	5.1.1 AC vs. DC
	5.1.1.1 Direct Current
	5.1.1.2 Alternating Current
	5.1.2 Generation of AC
	5.1.2.1 Conditions Needed
	5.1.2.2 Sine Wave
	5.1.2.2.1 Maximum/Peak Value
	5.1.2.2.2 Instantaneous Value
	5.1.2.2.3 Average Value
	5.1.2.2.4 Effective Value
	5.1.2.3 Cycle and Frequency
	5.1.2.3.1 Hertz
	5.1.2.3.2 Frequency Formula
	5.1.2.4 AC Generators
	5.1.2.4.1 Single Phase
	5.1.2.4.2 Three Phase
	5.1.3 Characteristics of AC Circuits
	5.1.3.1 Resistance
	5.1.3.2 Inductance/Inductive Reactance
	5.1.3.3 Capacitance/Capacitive Reactance
	5.1.3.4 Impedance
	5.1.3.5 AC Power
	5.1.3.5.1 Apparent Power
	5.1.3.5.2 True Power
	5.1.3.5.3 Power Factor
	5.1.3.5.4 Reactive Power
	5.1.3.6 Harmonics of an AC Circuit


	6.0.0 ELECTRICAL CIRCUITS
	6.1.0 Circuit Requirements and Configurations
	6.1.1 Circuit Requirements
	6.1.1.1 Voltage Source
	6.1.1.1.1 Generator
	6.1.1.1.2 Battery
	6.1.1.2 Conductor
	6.1.1.3 Resistive Load
	6.1.1.4 Complete Path(s) for Current Flow
	6.1.2 Configuration Identification
	6.1.2.1 Series Circuit
	6.1.2.2 Parallel Circuit
	6.1.2.2.1 Multiple Paths for Current Flow
	6.1.2.2.2 Number of Paths = Number of Resistors
	6.1.2.3 Series Parallel Circuit


	7.0.0 ELECTRICAL CIRCUIT COMPUTATIONS
	7.1.0 Series Circuit Computations
	7.1.1 Kirchoff’s Voltage Law (E)
	7.1.2 Kirchoff’s Current Law (I)
	7.1.3 Resistance Law (R)
	7.1.4 Power Law (P)

	7.2.0 Parallele Circuit Computations
	7.2.1 Kirchoff’s Voltage Law (E)
	7.2.2 Kirchoff’s Current Law (I)
	7.2.3 Resistance Law (R)
	7.2.4 Power Law (P)

	7.3.0 Series Parallel Combination

	8.0.0 CONSTRUCTING an ELECTRICAL CIRCUIT
	8.1.0 Construction of a Series Circuit
	8.1.1 Voltage Source
	8.1.2 Overcurrent Protection
	8.1.3 Switch
	8.1.4 Resistive Load
	8.1.5 Conductors

	8.2.0 Construction of a Parallel Circuit
	8.2.1 Voltage Source
	8.2.2 Overcurrent Protection
	8.2.3 Switch
	8.2.4 Junction(s)
	8.2.5 Resistive Load
	8.2.6 Conductors

	8.3.0 Construction of Series Parallel Combination Circuit

	Summary
	Review Questions
	Trade Terms Introduced in this Chapter
	Additional Resources and References
	CSFE Nonresident Training Course – User Update


	CE Basic Chapter 2 Construction Support
	Chapter 2
	Construction Support
	Topics
	Overview
	Objectives
	Prerequisites
	Features of this Manual
	1.0.0 USING LINES and SLINGS
	1.1.0 Inspections
	1.2.0 Fiber Lines
	1.2.1 Uncoiling Line
	1.2.2 Whipping Line
	1.2.3 Stowing Line 
	1.2.4 Strength of Fiber Line

	1.3.0 Synthetic Fiber Lines
	1.4.0 Wire Rope
	1.4.1 Construction
	1.4.2 Grades of Wire Rope
	1.4.3 Measuring Wire Rope
	1.4.4 Safe Working Load

	1.5.0 Wire Rope Attachments
	1.5.1 Clips
	1.5.2 Knots
	1.5.3 Fittings
	1.5.4 Hooks and Shackles
	1.5.5 Fiber Line and Wire Rope Slings
	1.5.6 Chain Slings
	1.5.7 Inspection of Slings
	1.5.8 Spreaders and Pallets


	2.0.0 MOVING MATERIALS and EQUIPMENT
	2.1.0 Signaling
	2.2.0 Procedures and Precautions for Lifting Operations

	3.0.0 HAZARDOUS MATERIAL
	3.1.0 Hazardous Waste and the Seabee
	3.2.0 Material Safety Data Sheets (MSDS)
	3.3.0 Labeled Hazardous Material and Hazardous Waste Containers
	3.4.0 Hazardous Material Label

	4.0.0 TOOL and TOOL KITS
	4.1.0 Tool Kit Inventories
	4.2.0 Tool Stowage and Security
	4.3.0 Electrician Hand Tools
	4.3.1 Drills
	4.3.1.1 Brace and Bit
	4.3.1.2 Electric
	4.3.1.3 Hydraulic
	4.3.2 Fuse Puller
	4.3.3 Hack Saw
	4.3.4 Hammers
	4.3.4.1 Claw
	4.3.4.2 Sledge
	4.3.4.3 Ball Peen
	4.3.5 Knives
	4.3.5.1 Electrician’s Knife
	4.3.5.2 Cable Splicing Knife
	4.3.6 Measuring Tools
	4.3.6.1 Wood Rule
	4.3.6.2 Tape Measure
	4.3.7 Pliers
	4.3.7.1 Diagonal
	4.3.7.2 Long Nose
	4.3.7.3 Multi - Slip
	4.3.8 Screwdrivers
	4.3.8.1 Common (Flat Tip)
	4.3.8.2 Cross Tip
	4.3.8.3 Offset
	4.3.9 Stripping Tools
	4.3.9.1 Cable Stripper
	4.3.9.2 Wire Stripper
	4.3.10 Wrenches
	4.3.10.1 Adjustable
	4.3.10.2 Lineman’s
	4.3.10.3 Pipe
	4.3.10.4 Ratchet


	Summary
	Review Questions
	Trade Terms Introduced in this Chapter
	Additional Resources and References
	CSFE Nonresident Training Course – User Update


	CE Basic Chapter 3 Drawings and Specifications
	Chapter 3
	Drawings and Specifications
	Topics
	Overview
	Objectives
	Prerequisites
	Features of this Manual
	1.0.0  COMMON TERMS and DEFINITIONS
	1.1.0 Definitions

	2.0.0 CONSTRUCTION DRAWINGS
	2.1.0 Working Sketches
	2.2.0 As-Built Drawings
	2.3.0 Symbols
	2.4.0 Types and Weights of Lines Found on Drawings
	2.5.0 Schedules
	2.6.0 Scale Representation
	2.7.0 Modular Dimensions
	2.8.0 Metric Dimensions

	3.0.0 Blueprints
	3.1.0 Parts of a Blueprint
	3.1.1 Title Block
	3.1.4 Drawing Number
	3.1.3 Revision Block
	3.1.4 Scale
	3.1.5 Legend or Symbols
	3.1.6 Bill of Material


	4.0.0 PLANS
	4.1.0 Civil Plans
	4.2.0 Architectural Plans
	4.3.0 Structural Plans
	4.4.0 Electrical Plans
	4.5.0 Mechanical Plans
	4.6.0 Isometric Sketching
	4.6.1 Purpose of the Isometric Drawing
	4.6.2 Comparison of Isometric and Orthographic Drawings
	4.6.3 Drawing an Isometric View
	4.6.4 Dimensioning an Isometric                Drawing


	5.0.0 SPECIFICATIONS
	5.1.0 NAVFACENGCOM Specifications
	5.2.0 Federal and Military Specifications
	5.3.0 Project Specifications

	6.0.0 TYPES of DRAWINGS and DIAGRAMS
	6.1.0 Freehand Sketches
	6.2.0 Construction Drawings
	6.2.1 Architectural Drawings
	6.2.2 Plans
	6.2.2.1 Plot Plans
	6.2.2.2 Floor Plans

	6.3.0 Elevations
	6.4.0 Mechanical Drawings
	6.5.0 Shop Drawings
	6.6.0 Electrical Diagrams
	6.6.1 Isometric Diagram
	6.6.2 Block Diagram
	6.6.3 Wiring Diagram
	6.6.4 Connection Diagram
	6.6.5 Schematic Diagram


	Summary
	Review Questions
	Trade Terms Introduced in this Chapter
	Additional Resources and References
	CSFE Nonresident Training Course – User Update


	CE Basic Chapter 4 Pole Climbing and Rescue
	Chapter 4
	Pole Climbing and Rescue
	Overview
	Objectives
	Prerequisites
	Features of this Manual
	1.0.0 INTRODUCTION TO CLIMBING EQUIPMENT
	1.1.0 Climbing Equipment
	1.1.1 Lineman’s Body Belt
	1.1.1.1 Inspection
	1.1.1.2 Maintenance
	1.1.2 Lineman’s Safety Strap
	1.1.2.1 Inspection
	1.1.2.2 Maintenance
	1.1.3 Lineman’s Climbers
	1.1.3.1 Inspection
	1.1.3.2 Maintenance
	1.1.3.2.1 Cleaning
	1.1.3.2.2 Sharpening Procedures
	1.1.3.2.3 Safe Storage
	1.1.4 Gloves
	1.1.4.1 Inspection
	1.1.4.2 Maintenance
	1.1.5 Hard Hat
	1.1.5.1 Inspection
	1.1.5.2 Maintenance
	1.1.6 Safety


	2.0.0 CLIMBING PROCEDURES
	2.1.0 Pre Climb Actions
	2.1.1 Inspect Pole
	2.1.1.1 Sound Test
	2.1.1.2 Visual Inspection
	2.1.1.2.1 Inspect for Knots, Deep Splits, and Nails
	2.1.1.2.2 Locating High Side of Pole

	2.1.2 Inspect Climbing Equipment
	2.1.2.1 Body Belt
	2.1.2.2 Safety Strap
	2.1.2.3 Climbers
	2.1.2.4 Gloves
	2.1.2.5 Hard Hat

	2.2.0 Ascending Procedures
	2.3.0 Descending Procedures
	2.4.0 24BSafety
	2.5.0 Transverse Obstacles
	2.5.1 Purpose
	2.5.2 Traversing Procedures – To Ascend
	2.5.2.1 Positioning
	2.5.2.2 Hand Postioning
	2.5.2.3 Stepping Up
	2.5.3 Traversing procedures – To Descend
	2.5.3.1 Positioning
	2.5.3.2 Stepping Down
	2.5.3.3 Hand Positioning
	2.5.4 Safety


	3.0.0 RIGGING TOOLS
	3.1.0 Hand Line
	3.1.1 Pre Use Inspection
	3.1.2 Procedures to Use
	3.1.3 Care and Storage
	3.1.4 Safety

	3.2.0 Block and Tackle
	3.2.1 Pre Use Inspection
	3.2.2 Procedures to Use
	3.2.3 Care and Storage

	3.3.0 Chain Hoist
	3.3.1 Pre – Use Inspection
	3.3.2 Procedures to Use
	3.3.3 Care and Storage
	3.3.4 Safety


	4.0.0 KNOTS AND HITCHES
	4.1.0 Purpose and Terminology
	4.1.1 Purpose
	4.1.2 Terminology

	4.2.0 Procedures to Tie Knots and Hitches
	4.2.1 Overhand Knot
	4.2.2 Square Knot
	4.2.3 Half Hitch
	964.2.4 Clove Hitch
	4.2.5 Timber Hitch
	4.2.6 Lineman’s Hitch
	4.2.7 Bowline Knot

	4.3.0 Safety

	5.0.0 CLIMBING TECHNIQUES
	5.1.0 Belting – In
	5.1.1 Purpose
	5.1.2 Pre – Climb Actions
	5.1.3 Single Person Belting – In Procedures
	5.1.4 Unbelting Procedures
	5.1.5 Safety

	5.2.0 Circling
	5.2.1 Purpose
	5.2.2 Pre – Climb Actions
	5.2.3 Circling Procedures
	5.2.3.1 Circle Right
	5.3.2.2 Circle Left
	5.3.3 Two Person Circling
	5.3.4 Safety

	5.4.0 Hitchhiking
	5.4.1 Purpose
	5.4.2 Pre – Climb Actions
	5.4.3 Hitchhiking Procedures
	5.4.4 Two Person Hitchhiking Procedures
	5.4.5 Safety

	5.5.0 Work Positions
	5.5.1 Importance of Proper Work Positioning
	5.5.2 Pre – Climb Actions
	5.5.3 Work Position Procedures
	5.5.3.1 To the Right
	5.5.3.2 To The Left
	5.5.4 Safety


	6.0.0 POLE TOP RESCUE
	6.1.0 Reasons for Rescue
	6.2.0 Tool and Equipment Requirements
	6.3.0 Rescue Procedures
	6.3.1 Responsive
	6.3.2 Un – Responsive

	6.4.0 Safety

	Summary
	Review Questions
	Trade Terms Introduced in this Chapter
	Additional Resources and References
	CSFE Nonresident Training Course – User Update


	CE Basic Chapter 5 Line Maintenance Construction Vehicles
	Chapter 5
	Basic Line Construction/Maintenance Vehicle Operations and Maintenance
	Topics
	Overview
	Objectives
	Prerequisites
	Features of this Manual
	1.0.0 OPERATION of AERIAL (BUCKET) LIFT TRUCK
	1.1.0 Line Construction Maintenance Vehicles
	1.2.0 Purpose of Aerial Lift Truck
	1.3.0 Capabilities of the Aerial Lift Truck
	1.3.1 Booms
	1.3.1.1 Types
	1.3.1.2 Reach
	1.3.2 Buckets, Basket or Platform
	1.3.2.1 Types
	1.3.2.2 Capacity

	1.4.0 Truck Set Up Procedures
	1.4.1 Position the Truck
	1.4.1.1 On Hills
	1.4.1.2 On Level Surface
	1.4.2 Set Up Truck
	1.4.2.1 Engage Emergency Brake
	1.4.2.2 Engage PTO
	1.4.2.3 Transfer Controls (Truck to Machine)
	1.4.2.4 Lower Outriggers
	1.4.2.5 Free Boom for Movement

	1.5.0 Truck Operation Procedures
	1.5.1 Controls
	1.5.1.1 Primary
	1.5.1.2 Secondary
	1.5.2 Position the Booms
	1.5.2.1 Raise
	1.5.2.2 Rotate
	1.5.2.3 Lower
	1.5.3 Bucket Tilt
	1.5.4 Tool Outlets

	1.6.0 Safety

	2.0.0 AERIAL LIFT TRUCK MAINTENANCE
	2.1.0 Benefits of a Maintenance Program
	2.2.0 Components of the Aerial Lift Truck Requiring Maintenance Actions
	2.2.1 Overall Care
	2.2.2 Booms
	2.2.3 Winches
	2.2.4 Jib
	2.2.5 Tires

	2.3.0 Maintenance Documentation (NAVFAC 11240/13)
	2.3.1 Record Inspections
	2.3.1.1 Pre Operational Inspection
	2.3.1.2 Operational Inspection
	2.3.1.3 Post Operational Inspection
	2.3.2 Record Discrepancies

	2.4.0 Procedures to Accomplish Basic Maintenance Actions
	2.4.1 Overall Care
	2.4.2 Booms
	2.4.3 Jib
	2.4.4 Tires

	2.5.0 Safety

	3.0.0 AERIAL LIFT RESCUE
	3.1.0 Types of Aerial Lift Rescues
	3.1.1 Bucket Lift
	3.1.2 Victim Lift

	3.2.0 Equipment Required to Perform Victim Lift Rescue
	3.2.1 Rescue Strap
	3.2.2 Block and Tackle

	3.3.0 Victim Lift Procedures
	3.3.1 Evaluate Situation
	3.3.2 Provide for Personal Protection
	3.3.3 Position Booms
	3.3.4 Perform Rescue
	3.3.4.1 Attach Rescue Equipment
	3.3.4.2 Raise Victim from Bucket
	3.3.4.3 Lower Victim to Ground
	3.3.5 Administer Follow up First Aid

	3.4.0 Safety

	4.0.0 LINE MAINTENANCE TRUCK
	4.1.0 Operate a Line Maintenance Truck
	4.1.1 Purpose of the Line Maintenance Truck
	4.1.2 Capabilities of the Line Maintenance Truck
	4.1.2.1 Booms
	4.1.2.1.1 Types
	4.1.2.1.2 Reach
	4.1.2.2 Winches
	4.1.2.2.1 Types
	4.1.2.2.2 Capacity
	4.1.2.4 Digger/Auger
	4.1.2.5 Accessories
	4.1.2.6 Controls

	4.2.0 Truck Set Up Procedures
	4.2.1 Position the Truck
	4.2.2 Set Up Truck
	4.2.2.1 Engage Emergency Brake
	4.2.2.2 Engage PTO
	4.2.2.3 Transfer Controls (Truck to Machine)
	4.2.2.4 Lower Outriggers
	4.2.2.5 Free Boom for Movement

	4.3.0 Truck Operation Procedures
	4.3.1 Booms
	4.3.1.1 Main Boom
	4.3.1.2 Second Stage
	4.3.1.3 Third Stage
	4.3.2 Winches
	4.3.3 Digger/Auger
	4.3.3.1 Lower
	4.3.3.2 Raise
	4.3.4 Secure Vehicle

	4.4.0 Safety

	5.0.0 HAND SIGNALS
	5.1.0 Purpose of Hand Signals
	5.2.0 Types of Hand Signals
	5.2.1 Boom
	5.2.1.1 Raise
	5.2.1.2 Rotate
	5.2.1.3 Lower
	5.2.1.4 Extension
	5.2.2 Winch
	5.2.2.1 Raise
	5.2.2.2 Lower
	5.2.3 Stop
	5.2.4 Combinations
	5.2.5 Common Variations

	5.3.0 Safety

	6.0.0 LINE MAINTENANCE TRUCK OPERATOR’S MAINTENANCE
	6.1.0 Benefits of a Maintenance Program
	6.2.0 Components of the Line Maintenance Truck Requiring Maintenance Actions
	6.2.1 Overall Care
	6.2.2 Booms
	6.2.3 Winches
	6.2.4 Digger/Auger
	6.2.5 Tires

	6.3.0 Maintenance Documentation (NAVFAC 11240/13)
	6.3.1 Record Inspections
	6.3.1.1 Pre Operational Inspection
	6.3.1.2 Operational Inspection
	6.3.1.3 Post Operational Inspection
	6.3.2 Record Discrepancies

	6.4.0 Procedures to Accomplish Basic Maintenance Actions
	6.4.1 Overall Care
	6.4.2 Booms
	6.4.3 Winches
	6.4.4 Digger/Auger
	6.4.5 Tires

	6.5.0 Safety

	7.0.0 ADMINISTRATIVE FUNCTIONS
	7.1.0 License
	7.2.0 Application Forms
	7.3.0 Standard Form 47
	7.4.0 License Test
	7.4.1 Performance Qualification Test
	7.4.2 Automotive Test
	7.4.3 Material Handling Equipment Test
	7.4.4 Construction Equipment Test

	7.5.0 License Forms
	7.5.1 U.S. Government Motor Vehicle Operator’s Identification Card, OF-346
	7.5.2 Construction Equipment Operator License, NAVFAC 11260/2

	7.6.0 Dispatch Forms
	7.6.1 NAVFAC 11240/13
	7.6.2 NAVFAC 11260/4
	7.6.3 DD Form 1970
	7.6.4 Standard Form 91
	7.6.5 DD Form 518


	Summary
	Review Questions
	Trade Terms Introduced in this Chapter
	Additional Resources and References
	CSFE Nonresident Training Course – User Update


	CE Basic Chapter 6 Power Generation
	Chapter 6
	Power Generation
	Topics
	Overview
	Objectives
	Prerequisites
	Features of this Manual
	1.0.0 POWER GENERATION
	2.0.0 EMERGENCY/STANDBY POWER
	2.1.0 System Design

	3.0.0 GENERATOR INSTALLATION
	3.1.0 Generator Selection
	3.1.1 Power and Voltage Requirements
	3.1.2 Computation of the Load

	3.2.0 Site Selection
	3.3.0 Sheltering the Generator
	3.4.0 Generator Set Inspection
	3.4.1 Generator Connections
	3.4.1.1 Internal Leads

	3.5.0 Grounding
	3.5.1 Grounding Procedures
	3.5.3 Generator Connections
	3.5.3.1 Internal Leads
	3.5.3.2 Grounding
	3.5.3.3 Feeder Cable Connections
	3.5.3.3.1 Cable Selection
	3.5.3.3.2 Cable Installation


	4.0.0 GENERATING PLANT OPERATIONS
	4.1.0 Generator Watch
	4.2.0 Operator’s Log
	4.3.0 Plant Equipment
	4.4.0 Single Plant Operation
	4.4.1 Operating Procedures for Single Generator Sets
	4.4.1.1 Starting the Generator Set
	4.4.1.2 Operating the Generator Set

	4.5.0 Parallel Plant Operation
	4.5.1 Isolated Bus Operation
	4.5.2 Infinite Bus Operation
	4.5.3 Operating Procedures for Paralleling Generators
	4.5.3.1 Paralleling Procedures
	4.5.3.2 Removing a Generator Set from parallel Operation
	4.5.3.3 Stopping Generator Set Operation

	4.6.0 Emergency Shutdown
	4.7.0 Basic Operating Precautions

	5.0.0 SERVICING GENERATORS
	5.1.0 Batteries
	5.2.0 Battery Charging
	5.2.1 Normal Charge
	5.2.2 Equalizing Charge
	5.2.3 Fast Charge
	5.2.4 Charging Rate
	5.2.5 Charging Time
	5.2.6 Gassing
	5.2.7 Charging Procedure

	5.3.0 Hydrometer
	5.4.0 Oil
	5.5.0 Water
	5.6.0 Fuel
	5.7.0 Ventilation
	5.8.0 Exhaust System
	5.9.0 Phase Sequence Indicators

	6.0.0 DISTRIBUTION PANELBOARDS
	6.1.0 Overcurrent Protection
	6.2.0 Distribution
	6.3.0 Panelboards
	6.3.1 Phase Relationship

	6.4.0 Portable Power Distribution Panelboards

	7.0.0 POWER PLANT MAINTENANCE
	7.1.0 Operator Maintenance
	7.2.0 Preventive Maintenance

	8.0.0 TQG-B GENERATOR
	8.1.0 Generator Characteristics, Components and Instrumentation
	8.1.1 Differences between TQG-A and TQG-B

	8.2.0 Components and Instrumentation of the TQG-B
	8.2.1 Rear: Components and Instruments
	8.2.1.1 DCS
	8.2.1.2 Air Cleaner Assembly
	8.2.1.3 Paralleling Receptacle
	8.2.1.4 Convenience Receptacle
	8.2.1.5 Ground Fault Circuit Interrupter Test Switch
	8.2.2 Left Side Components and Instrumentation
	8.2.2.1 Radiator
	8.2.2.2 Dead Crank Switch
	8.2.2.3 Dipstick
	8.2.2.4 Fuel Drain Valve
	8.2.2.5 AC Generator
	8.2.2.6 Actuator
	8.2.2.7 Turbocharger
	8.2.2.8 Fuel Pump
	8.2.2.9 Magnetic Pickup
	8.2.3 Front End Components and Instrumentation
	8.2.3.1 Batteries
	8.2.3.2 Oil Drain Off Valve
	8.2.4 Right Side Components and Instrumentation
	8.2.4.1 NATO Slave Receptacle
	8.2.4.2 Load Output Terminal
	8.2.4.3 Reconnection Board
	8.2.4.4 Muffler
	8.2.4.5 Radiator Fill Bottle
	8.2.4.6 Serpentine Fan Belt
	8.2.4.7 Water Pump
	8.2.4.8 Battery Charging Alternator
	8.2.4.9 Oil Filter
	8.2.4.10 Starter
	8.2.4.11 Crankcase Breather Filter Assembly
	8.2.4.12 Fuel Filter/Water Separator

	8.3.0 Operation of TQG-B
	8.3.1 Checklists for the TQG-B
	8.3.1.1 Before Operations Check
	8.3.2 Before Operations Check: Rear
	8.3.2.1 Inspect Ground Rod
	8.3.2.2 Housing Inspection
	8.3.2.3 Identification Plate Inspection
	8.3.2.4 Indicator and Controls Inspections
	8.3.2.5 Control Box Harness Inspection
	8.3.2.6 Power Fuse Inspection
	8.3.2.7 Frequency Selection
	8.3.2.8 Cable Inspections
	8.3.2.9 Air Cleaner Element Inspection
	8.3.3 Before Operations Check: Left Side
	8.3.3.1 Skid Base Inspection
	8.3.3.2 Housing Inspection
	8.3.3.3 Identification Plate Inspection
	8.3.3.4 Engine Compartment Inspection
	8.3.3.5 Engine Compartment Wiring Inspection
	8.3.3.6 Acoustic Material Inspection
	8.3.3.7 Lubrication System Inspection
	8.3.3.8 Fuel System Inspection
	8.3.3.9 Cooling Fan Inspection
	8.3.3.10 Radiator Cap and Hose Inspection
	8.3.4 Before Operations Check: Front
	8.3.4.1 Housing Inspection
	8.3.4.2 Identification Plate Inspection
	8.3.4.3 Types of Batteries
	8.3.4.4 Electrolyte Levels
	8.3.4.5 Battery Inspection
	8.3.5 Before Operations Check: Right Side
	8.3.5.1 Skid Plate Inspection
	8.3.5.2 Housing Inspection
	8.3.5.3 Identification Plate Inspection
	8.3.5.4 Engine Compartment Inspection
	8.3.5.5 Engine Compartment Component Inspection
	8.3.5.6 Acoustic Material Inspection
	8.3.5.7 Serpentine Belt Inspection
	8.3.5.8 Fuel Filter/Water Separator Inspection
	8.3.5.9 Radiator Bottle Inspection
	8.3.5.10 Exhaust System Inspection
	8.3.5.11 Ether Start System Inspection
	8.3.5.12 Output Box Assembly Inspection
	8.3.5.13 Voltage Reconnection Board/Selector Switch Inspection
	8.3.6 Precautions Prior to Starting the TQG-B
	8.3.6.1 Ground Rod Warning
	8.3.6.2 Deadly Gases Warning
	8.3.7 Starting the TQG-B
	8.3.8 During Operations Check
	8.3.8.1 During Operations Check: Rear
	8.3.8.2 During Operations Check: Left
	8.3.8.3 During Operations Check: Front
	8.3.8.4 During Operations Check: Right Side
	8.3.9 Shutting Down the TQG-B
	8.3.10 After Operations Checks
	8.3.10.1 After Operations Check: Rear
	8.3.10.2 After Operations Check: Left Side
	8.3.10.3 After Operations Check: Front
	8.3.10.4 After Operations Check: Right Side

	8.4.0 Operating the TQG-B in Parallel
	8.4.1 Importance of the Parallel Operations Checklist
	8.4.2 Parallel Operations Check


	Summary
	Review Questions
	Trade Terms Introduced in this Chapter
	Additional Resources and References
	CSFE Nonresident Training Course – User Update


	CE Basic Chapter 7 Power Distribution
	Chapter 7
	Power Distribution
	Topics
	Overview
	Objectives
	Prerequisites
	Features of this Manual
	1.0.0 INTRODUCTION
	2.0.0 SAFETY in POWER DISTRIBUTION
	2.1.0 Equipment Requirements
	2.2.0 Personnel Safety

	3.0.0 DISTRIBUTION SYSTEMS
	3.1.0 Distribution Substations
	3.2.0 Distribution Transformers
	3.3.0 Distribution Circuits
	3.4.0 Secondary Circuits
	3.4.1 Delta Configuration
	3.4.2 Wye Configuration

	3.5.0 Service Drops
	3.6.0 Circuit Designs
	3.6.1 Radial Distribution System
	3.6.2 Loop/Ring Distribution System
	3.6.3 Network Distribution System
	3.6.4 Primary Selective System


	4.0.0 CONTROL and PROTECTIVE DEVICES
	4.1.0 Distribution Cutouts
	4.1.1 Enclosed Distribution Cutout
	4.1.2 Open-link Distribution Cutout
	4.1.3 Open Distribution Cutout

	4.2.0 Switches
	4.2.1 Air Switches
	4.2.2 Oil Switches
	4.2.3 Circuit Reclosers


	5.0.0 UNDERGROUND CONSIDERATIONS
	5.1.0 Manholes

	6.0.0 PERSONAL PROTECTIVE EQUIPMENT and HOT-LINE TOOLS
	6.1.0 Rubber Protective Equipment
	6.1.1 Types
	6.1.2 Color Coding Standard

	6.2.0 Personal Rubber Protective Equipment
	6.3.0 Rubber Gloves
	6.4.0 Rubber Sleeves
	6.5.0 Rubber Insulating Line Hose
	6.6.0 Rubber Insulating Insulator Hoods
	6.7.0 Conductor Covers
	6.8.0 Insulator Covers
	6.9.0 Crossarm Covers
	6.10.0 Pole Covers
	6.11.0 Rubber Insulating Blankets
	6.12.0 Safety Hat
	6.13.0 Inspect and Maintain Hot Line Tools
	6.13.1 Purpose of Hot Line Tools
	6.13.2 Hot Line Tools
	6.13.3 Maintenance of Hot-line tools
	6.13.3.1 Inspections
	6.13.3.2 Hot Stick Tester
	6.13.3.3 Care and Maintenance


	7.0.0 INSTALLATION of OVERHEAD DISTRUBUTION EQUIPMENT
	7.1.0 Pole Setting and Component Installation
	7.1.1 Pole Locations
	7.1.2 Poles

	7.2.0 Anchors
	7.2.1 Purpose of Anchors
	7.2.2 Anchor Selection Criteria
	7.2.2.1 Subsurface Soil Conditions
	7.2.2.2 Holding Requirements
	7.2.2.3 Installation Equipment
	7.2.3 Types of Anchors
	7.2.4 Equipment and Tool Requirements
	7.2.4.1 Rock Anchor
	7.2.5 Installation Procedures
	7.2.6 Anchor Rods
	7.2.7 Safety

	7.3.0 Pole Guys
	7.3.1 Purpose of Guying Poles
	7.3.2 Types of Guys
	7.3.3 Attachment Devices
	7.3.3.1 Three-bolt Clamp
	7.3.3.2 Preform Guy Wire Grip
	7.3.3.3 Automatic Locking Clevis
	7.3.4 Associated Hardware
	7.3.4.1 Rods
	7.3.4.2 Pole Hardware
	7.3.5 Equipment and Tool Requirements
	7.3.5.1 Guy Wire Grip
	7.3.5.2 Dynamometer
	7.3.5.3 Anchor Grip
	7.3.5.4 Chain Hoist
	7.3.6 Installation Procedures
	7.3.6.1 Attach One End of Guy Wire to Pole
	7.3.6.2 Attach Other End of Guy Wire to Anchor Rod 
	7.3.6.2.1 Three-bolt Clamp
	7.3.6.2.2 Preform Guy Wire Grip
	7.3.6.2.3 Automatic Locking Clevis
	7.3.7 Safety

	7.4.0 Framing Poles
	7.5.0 Installing Poles
	7.6.0 Erecting Poles
	7.7.0 Installing Guys
	7.8.0 Secondary Racks
	7.9.0 Crossarms
	7.9.1 Types of Crossarms
	7.9.1.1 Single Arms
	7.9.1.2 Double Arms
	7.9.1.3 Buck Arms
	7.9.1.4 Side Arms
	7.9.2 Hardware
	7.9.2.1 Crossarm Braces
	7.9.2.2 Common Hardware
	7.9.3 Crossarm Installation
	7.9.3.1 Single Crossarm
	7.9.3.2 Double and Buck Crossarms
	7.9.3.3 Clevis Assembly

	7.10.0 Insulators
	7.10.1 Pin and Post Insulator
	7.10.2 Suspension Insulators
	7.10.3 Strain Insulator
	7.10.4 Spool Insulators

	7.11.0 Conductors
	7.11.1 Copper Conductors
	7.11.2 Aluminum Conductors
	7.11.3 Copperweld Steel Conductors
	7.11.4 Classes of Conductors
	7.11.5 Conductor Sizes

	7.12.0 Installing Conductors
	7.12.1 Mounting the Reels
	7.12.2 Placing the Neutral Conductor
	7.12.3 Pulling In Conductors
	7.12.4 Measuring the Sag
	7.12.5 Sagging Procedures
	7.12.5.1 Purpose
	7.12.5.2 Sagging Chart
	7.12.5.3 Sagging the Conductors
	7.12.6 Tying in Conductors
	7.12.6.1 Purpose
	7.12.6.2 Types and Procedures
	7.12.6.2.1 Preformed Conductor Tie
	7.12.6.2.2 Hand Fabricated Tie

	7.13.0 Protective Devices
	7.13.1 Purpose
	7.13.1.1 Lightning Arresters
	7.13.1.2 Fuse Cutout
	7.13.2 Types of Protective Devices
	7.13.2.1 Lightning Arrestor
	7.13.2.2 Fuse Cutout
	7.13.3 Sizing of Protective Devices
	7.13.3.1 Lightning Arrestor
	7.13.3.2 Fuse Cutouts
	7.13.4 Installation Procedures
	7.13.5 Connection Procedures
	7.13.5.1 Lightning Arrestor
	7.13.5.2 Fuse Cutout

	7.14.0 Grounds
	7.14.1 Installing Grounds
	7.14.1.1 Connecting to the Neutral
	7.14.1.2 Connecting to the Equipment Ground
	7.14.1.3 Connecting to the Pole
	7.14.1.4 Connecting to the Grounding Electrode

	7.15.0 Transformers
	7.15.1 Pre-installation Considerations
	7.15.1.1 Proper Voltage Ratings
	7.15.1.2 Condition of the Unit
	7.15.1.2.1 Electrical
	7.15.1.2.2 Oil
	7.15.1.2.3 Mechanical
	7.15.2 Installation Locations
	7.15.2.1 On Poles
	7.15.2.2 On Pads
	7.15.3 Installation Methods
	7.15.4 Installation Procedures
	7.15.4.1 Manual
	7.15.4.2 Truck

	7.16.0 Service Drops
	7.16.1 Purpose of the Service Drop
	7.16.2 Types of Service Drops
	7.16.2.1 Single-Phase
	7.16.2.2 Three-Phase
	7.16.3 Pre-installation Considerations
	7.16.3.1 Types of Conductors
	7.16.3.1.1 Single Conductors
	7.16.3.1.2 Plex Conductors
	7.16.3.2 Size of Load
	7.16.3.3 Span Length
	7.16.3.4 Clearances
	7.16.3.5 Attachment Devices
	7.16.3.5.1 Spool Racks
	7.16.3.5.2 Clevis
	7.16.3.5.3 J-hook
	      7.16.3.5.4 House Knob
	7.16.3.5.5 Wedge Clamp
	7.16.4 Installation Procedures

	7.17.0 Transformer Connections
	7.17.1 Basic Connection Considerations
	7.17.1.1 Ground Connection
	7.17.1.2 Primary Connection
	7.17.1.2.1 Line Voltage Connection
	7.17.1.2.2 Phase Voltage Connection
	7.17.1.3 Secondary Connections
	7.17.2 Three-Phase Connections


	8.0.0 UNDERGROUND DISTRIBUTION SYSTEMS
	8.1.0 Confined Space
	8.1.1 Basic Facts about Confined Spaces
	8.1.2 Manholes
	8.1.3 Types of Entry
	8.1.3.1 Permit Required
	8.1.3.2 Non Permit Required
	8.1.4 Safety
	8.1.4.1 Physical Hazards
	8.1.4.2 Introducing Hazardous items onto Confined Spaces
	8.1.5 Test Manhole
	8.1.5.1 Prepare Manhole Area
	8.1.5.2 Setup Traffic Control Equipment
	8.1.5.3 Remove Manhole Cover
	8.1.5.4 Pump out Water as Required
	8.1.6 Gas Detection
	8.1.6.1 Description of Gas Detector
	8.1.6.2 Combustible Gases
	8.1.6.3 Toxic Gases
	8.1.6.4 Oxygen Deficiency
	8.1.7 Inspect Gas Detector
	8.1.7.1 Test Procedure
	8.1.7.1.1 Lower Meter and/or Hose
	8.1.7.1.2 Retest as Necessary
	8.1.8 Safety
	8.1.9 Ventilate a Manhole
	8.1.9.1 Purpose of Ventilation
	8.1.9.1.1 Forced Air
	8.1.9.1.2 Natural
	8.1.9.1.3 Sail
	8.1.9.2 Procedures to Ventilate
	8.1.9.2.1 Forced Air
	8.1.9.2.1.1 Setup Equipment
	8.1.9.2.1.2 Turn Unit On
	8.1.9.2.1.3 Retest Requirements
	8.1.9.3 Safety

	8.2.0 Manhole Rescue
	8.2.1 Perform Manhole Rescue
	8.2.1.1 Equipment Requirements
	8.2.1.1.1 Tripod
	8.2.1.1.2 Winch
	8.2.1.1.3 Rescue Rope
	8.2.2 Rescue Procedures 
	8.2.2.1 Evaluate Situation
	8.2.2.2 Provide for Personal Protection
	8.2.2.3 Call for Help
	8.2.2.4 Raise Victim out of Manhole
	8.2.3 Safety

	8.3.0 Underground Duct Systems
	8.3.1 Install Duct System
	8.3.1.1 Manholes
	8.3.1.1.1 Spacing
	8.3.1.1.2 Installation
	8.3.1.2 Ducts
	8.3.1.2.1 Construction
	8.3.1.2.2 Configuration
	8.3.1.2.3 Installation
	8.3.1.3 Cable Racks
	8.3.1.3.1 Spacing
	8.3.1.4 Advantages and Disadvantages of Duct Systems
	8.3.1.4.1 Advantages
	8.3.1.4.2 Disadvantages
	8.3.2 Safety

	8.4.0 Buried Cable
	8.4.1 Basic Concepts of Direct Buried Systems
	8.4.1.1 Trenches
	8.4.1.2 Ground-level Equipment
	8.4.1.2.1 Pad-mounted Transformers
	8.4.1.2.2 Enclosures
	8.4.1.3 Power Cables
	8.4.1.3.1 Feeder
	8.4.1.3.2 Lateral
	8.4.1.4 Advantages and Disadvantages of Duct Systems
	8.4.1.4.1 Advantages
	8.4.1.4.2 Disadvantages
	8.4.2 Installing Direct Burial System
	8.4.2.1 Excavate Trench
	8.4.2.2. Install Bedding Material
	8.4.2.3 Install Cable
	8.4.2.4. Install Marking Tape
	8.4.2.5 Back Fill using Suitable Material
	8.4.2.6 Install Cable Route Markers
	8.4.3 Protection Options
	8.4.3.1 Above Finished Grade
	8.4.3.2 Below Finished Grade
	8.4.4 Safety

	8.5.0 Underground Cable
	8.5.1 Install Cable in a Duct
	8.5.1.1 Rigging Set Up
	8.5.1.1.2 Pulley Diameter
	8.5.1.1.3 Pulley Position
	8.5.1.1.4 Anchoring
	8.5.1.2 Installation Procedures
	8.5.1.2.1 Select the Duct
	8.5.1.2.1.1 Blueprints/drawings
	8.5.1.2.1.2 Location of Cables
	8.5.1.2.2 Prepare Cable and Duct for Installation
	8.5.1.2.2.1 Test Cable
	8.5.1.2.2.2 Rodding the Duct
	8.5.1.2.3 Prepare Manholes
	8.5.1.2.3.1 Setup Cable Pulling Apparatus
	8.5.1.2.3.2 Placement of Cable Reel
	8.5.1.2.3.3 Rig Feeding Manhole
	8.5.1.2.4 Install Cable
	8.5.1.2.4.1 Clean and Seal Cable Ends
	8.5.1.2.4.2 Attach Pulling Rope/Winch Line to Cable
	8.5.1.2.4.3 Use Line Truck to Pull Cable
	8.5.1.2.4.4 Cable Slack
	8.5.1.2.4.5 Remove Damaged Ends
	8.5.1.2.5 Cleanup Job Site
	8.5.1.2.6 Cable in Duct Upgrades
	8.5.1.2.7 Safety

	8.6.0 Underground Transformers
	8.6.1 Pre Installation Requirements
	8.6.1.1 Transformer Size
	8.6.1.2 Transformer Weight
	8.6.2 Installation Methods
	8.6.2.1 Line Truck/Crane
	8.6.2.2 Roll on Conduit
	8.6.2.3 Forklift
	8.6.3 Installation Procedures
	8.6.3.1 On Pad
	8.6.3.2 In Vault
	8.6.3.3 Anchor
	8.6.3.4 Restricted Access

	8.7.0 Isolate, Troubleshoot and Trace Underground Cable
	8.7.1 Ground and Isolate
	8.7.1.1 Reasons for Isolating and Grounding of Circuits
	8.7.1.2 Tools and Equipment Required to Isolate and Ground Circuits
	8.7.1.2.1 Electrical Switchgear
	8.7.1.2.2 Out-of-Service Protection
	8.7.1.2.2.1 Safety Color Codes
	8.7.1.2.2.2 Lockout/Tagout Procedures
	8.7.1.2.2.3 Lockout Device
	8.7.1.2.2.3 Tagout Device
	8.7.1.2.3 Ground Set
	8.7.1.2.3.1 Cable
	8.7.1.2.3.2 Clamps
	8.7.1.3 Procedures to Isolate System
	8.7.1.3.1 Plan and Record Outage Details
	8.7.1.3.2 Isolate Section
	8.7.1.3.3 Block Movement of Switchgear Operation
	8.7.1.4 Procedures to Install Grounding Set
	8.7.1.4.1 Isolate the Circuit
	8.7.1.4.2 Check for Voltage
	8.7.1.4.3 Install Ground Set
	8.7.2 Safety


	9.0.0 TEST of POWER DISTRUBUTION SYSTEMS
	9.1.0 Basic Measuring Equipment Precautions
	9.2.0 Test Equipment
	9.2.1 Digital Multimeters
	9.2.2 Vibroground
	9.2.3 Biddle Direct Reading Meter
	9.2.4 Clamp on Ammeter
	A. Phase Rotation Meter


	10.0.0 MAINTENANCE of DISTRUBUTION SYSTEMS
	10.1.0 Overview
	10.2.0 Maintenance of Poles, Timbers, and Crossarms
	10.3.0 Wood Pole Maintenance
	10.4.0 Maintenance of Hardware, Conductors, Accessories, and Guys
	10.5.0 Interference Elimination
	10.5.1 Spark Discharges
	10.5.2 Corona Discharge
	10.5.3 Cross Modulation

	10.6.0 Transmission Line Inspection
	10.6.1 What to check for
	10.6.2 Inspection Intervals

	10.7.0 Distribution Line Inspections
	10.7.1 What to check for
	10.7.2 Inspection Intervals

	10.8.0 Capacitor Maintenance
	10.9.0 Recloser Maintenance
	10.10.0 Pole Mounted Switch Maintenance
	10.10.1 What to check for
	10.10.2 Inspection Intervals

	10.11.0 Underground Distribution Circuit Maintenance
	10.11.1 Riser Maintenance
	10.11.1.1 What to inspect
	10.11.2 Switchgear Maintenance
	10.11.2.1 What to inspect
	10.11.3 Underground Cable Maintenance
	10.11.3.1 What to inspect
	10.11.4 Records

	10.12.0 De-energizing Lines for Maintenance

	Summary
	Review Questions
	Trade Terms Introduced in this Chapter
	Additional Resources and References
	CSFE Nonresident Training Course – User Update


	CE Basic Chapter 8 Interior Wiring and Lighting
	Chapter 8
	Interior Wiring and Lighting
	Overview
	Objectives
	Prerequisites
	Features of this Manual
	1.0.0 INTRODUCTION
	2.0.0 ELECTRICAL SAFETY
	2.1.0 Fuses
	2.2.0 Electrical Shock
	2.3.0 Portable Electric Tools
	2.4.0 Out-of-Service Protection
	2.5.0 Safety Color Codes
	2.6.0 Clothing and Personal Protective Equipment

	3.0.0 FIRE SAFETY
	4.0.0 LOCKOUT / TAGOUT PROCEDURES
	4.1.0 Energy Control Program
	4.2.0 Equipment
	4.2.1 Lockout Device
	4.2.2 Tagout Device
	4.2.3 Lockout / Tagout Log

	4.3.0 Application (prior to maintenance)
	4.4.0 Release from Lockout / Tagout
	4.5.0 Tagout
	4.6.0 Energized Circuits
	4.7.0 Training

	5.0.0  NATIONAL ELECTRICAL CODE (NEC)®
	5.1.0 Standards
	5.2.0 NEC® Terminology
	5.2.1 Mandatory Rules 
	5.2.2 Permissive Rules
	5.2.3 Modifications

	5.3.0 NEC® Arrangement
	5.3.1 Chapter Divisions


	6.0.0  BALANCE ELECTRICAL LOADS
	6.1.0 Purpose
	6.2.0 Bus Bar Arrangements
	6.3.0 Connections

	7.0.0  SERVICE ENTRANCE SYSTEM
	7.1.0 Wiring Systems
	7.1.1 Two-wire, single-phase system
	7.1.2 Three-wire, single-phase system 
	7.1.3 Three-wire, three-phase system  
	7.1.4 Four-wire, three-phase system.

	7.2.0 Service Entrance
	7.3.0 Service Disconnects

	8.0.0 INTERIOR WIRING SYSTEMS
	8.1.0 Types of Wiring
	8.1.1 Rigid Metal Conduit
	8.1.2 Intermediate Metal Conduit
	8.1.3 Rigid Nonmetallic Conduit
	8.1.4 Electrical Metallic Conduit
	8.1.5 Flexible Metallic Tubing
	8.1.6 Flexible Metal Conduit
	8.1.7 Liquidtight Flexible Metal Conduit
	8.1.8 Surface Metal Raceway
	8.1.9 Electrical Nonmetallic Tubing
	8.1.10 Armored Cable
	8.1.11 Metal-Clad Cable
	8.1.12 Nonmetallic Sheathed Cable

	8.2.0 Conductors and Cable Systems
	8.2.1 Single Conductors
	8.2.2 Size, Number, and Ampacity
	8.2.3 Cables
	8.2.4 Nonmetallic Sheathed Cable

	8.3.0 Box Selection
	8.3.1 Nail Through Box Mounting
	8.3.2 Box Mounting on Metal Framing
	8.3.3 Box Mounting Between Framing
	8.3.4 Box Mounting in Existing Structures
	8.3.5 Box Mounting Height and Location


	9.0.0  INTERIOR SYSTEMS BELOW GRADE
	9.1.0 Wet and Corrosive Installations
	9.2.0 Markings
	9.3.0 Under floor Raceway Systems
	9.4.0 Conduit Layout

	10.0.0 INTERIOR SYSTEMS ABOVE GRADE
	10.1.0 Wiring of Buildings
	10.2.0 Grounding
	10.3.0 Wiring System General Provisions
	10.4.0 Provisions Applying to All Raceway Systems
	10.5.0 Lighting and Power Systems
	10.6.0 Service Feeders
	10.7.0 Lighting and Appliance Branch-Circuit Panelboards
	10.8.0 Branch Circuits for Grouped Loads
	10.9.0 Individual Branch Circuits
	10.10.0 Motor Branch Circuits
	10.11.0 Conductors
	10.11.1 Conductors in Parallel
	10.11.2 Equipment Grounding Conductors


	11.0.0 INSTALLATION of NON-METALLIC CABLE
	11.1.0 Roughing In
	11.2.0 Finish Work
	11.3.0 Remote Control Wiring

	12.0.0 CONDUIT SYSTEMS
	12.1.0 Cutting and Threading
	12.1.1 Using the Ridgid Model 535®
	12.1.2 Maintenance

	12.2.0 Conduit Bending
	12.2.1 Rigid Nonmetallic Conduit
	12.2.2 Electrical Metallic Tubing (EMT)
	12.2.2.1 Ninety Degree Bends
	12.2.2.2 Back-to-Back Bends
	12.2.2.3 Offset Bends
	12.2.2.4 Saddle Bends
	12.2.3 Rigid Metal Conduit
	12.2.4 Power Benders
	12.2.5 Bending Functions and Safety Tips

	12.3.0 Conduit Installation

	13.0.0 CONDUIT SUPPORTS and INSTALLATION METHODS
	13.1.0 Location of Conduit Supports
	13.2.0 Conduit Hangers and Supports

	14.0.0 DISTRIBUTION PANELS
	14.1.0 Panelboards
	14.2.0 NEC® Requirements
	14.3.0 Three Phase Panelboards
	14.4.0 Types of Panelboards

	15.0.0 HAZARDOUS LOCATIONS
	15.1.0 Classification of Hazardous Locations
	15.2.0 Prevention of External Explosions

	16.0.0 ELECTRICAL TEST EQUIPMENT
	16.1.0 Ammeters
	16.2.0 Voltmeters
	16.3.0 Ohmmeters
	16.4.0 Multimeters
	16.5.0 Voltage, Amperage, and Resistance Measurements
	16.6.0 Megohmmeters
	16.7.0 Insulation Resistance Testers

	17.0.0 TESTING ELECTRICAL CIRCUITS
	17.1.0 Types of Trouble
	17.2.0 Checking For a Defective Receptacle
	17.3.0 Checking For Defective Switch
	17.4.0 Checking For Hot Wire
	17.5.0 Testing the Ground Terminal
	17.6.0 Testing Circuit Breakers and Fuses in Circuits
	17.6.1 Circuit Breaker
	17.6.2 Fuse


	18.0.0 TROUBLESHOOTING and REPAIR of INTERIOR WIRING SYSTEMS
	18.1.0 Open, Shorted, and Grounded Circuits
	18.2.0 Meters

	19.0.0 SOLDERING and SPLICING PROCEDURES
	19.1.0 Solderless Connectors
	19.2.0 Splices
	19.2.1 Pigtail Splice
	19.2.2 Western Union Splice
	19.2.3 T-tap Splice
	19.2.4 Portable Cord Splices
	19.2.5 Cable Splices

	19.3.0 Soldering Splices
	19.4.0 Taping Splices

	20.0.0 LIGHTING
	20.1.0 Incandescent Lamps
	20.2.0 Fluorescent Lamps
	20.3.0 Mercury Lamps
	20.4.0 Metallic-Vapor Lamps
	20.5.0 Overall Illumination

	21.0.0 TROUBLESHOOTING LAMPS
	21.1.0 Fluorescent Lamps
	21.2.0 Incandescent Lamps
	21.3.0 Mercury Lamps
	21.4.0 Lamp Guides

	22.0.0 MAINTENANCE of LIGHTING SYSTEMS
	23.0.0 SCAFFOLDING
	23.1.0 Prefabricated Scaffolding
	23.2.0 Scaffolding Safety

	Summary
	Review Questions
	Trade Terms Introduced in this Chapter
	Additional Resources and References
	CSFE Nonresident Training Course – User Update


	CE Basic Chapter 9 Communication and Lighting Systems
	Chapter 9
	Communications and Lighting Systems
	Topics
	Overview
	Objectives
	Prerequisites
	Features of this Manual
	1.0.0 FIBER OPTICS
	1.1.0 Fiber Optic Systems
	1.2.0 Advantages and Disadvantages of Fiber Optics
	1.3.0 Basic Structure of an Optical Fiber
	1.4.0 Optical Cables
	1.5.0 Fiber Buffers
	1.6.0 Cable Strength and Support Members
	1.7.0 Cable Jacket Material
	1.8.0 Cable Designs
	1.9.0 Fiber Optic Data Links
	1.10.0 Fiber Optic Splices
	1.11.0 Fiber Optic Connectors
	1.11.1 Butt Joined Connectors and Expanded Beam Connectors
	1.11.2 Expanded Beam Connector

	1.12.0 Fiber Optic Couplers

	2.0.0 FIBER OPTICS ADVANCED
	2.1.0 Fiber Optics
	2.1.1 Optical Source Properties
	2.1.2 Semiconductor Light Emitting Diodes and Laser Diodes
	2.1.3 Semiconductor Material
	2.1.4 Fiber Optic Transmitters


	3.0.0 OPTICAL DETECTORS and FIBER OPTIC RECEIVERS
	4.0.0 FIBER OPTIC SYSTEM TOPOLOGY
	5.0.0 FIBER OPTICS SYSTEM INSTALLATION
	6.0.0 FIBER OPTIC MEASUREMENTS
	6.1.0 Field Measurements
	6.2.0 Optical Time Domain Reflectometry

	7.0.0 MECHANICAL and FUSION SPLICES
	7.1.0 Glass or Ceramic Alignment Tube Splices
	7.2.0 V – Grooved Splices
	7.3.0 Rotary Splices
	7.4.0 Fusion Splices
	7.5.0 Multi Fiber Splices

	8.0.0 PUBLIC ADDRESS SYSTEM
	8.1.0 Installation
	8.1.1 Amplifier
	8.1.2 Speakers
	8.1.3 Cable

	8.2.0 Maintenance and Repair

	9.0.0 INTEROFFICE COMMUNICATION SYSTEMS
	9.1.0 Configurations
	9.2.0 Components
	9.3.0 Master and Remote Station Installation
	9.4.0 Maintenance of Interoffice Communications Systems

	10.0.0 AREA LIGHTING SYSTEMS
	10.1.0 Terminology and Definitions
	10.1.1 High Intensity Discharge Lighting
	10.1.2 High Pressure Mercury Lamps
	10.1.3 Metal Halide Lamps
	10.1.4 High Pressure Sodium Lamps
	10.1.5 Fluorescent Lighting
	10.1.6 High Intensity Discharge Lamp Ballasts
	10.1.7 High Intensity Discharge System Troubleshooting

	10.2.0 Street and Area Classification
	10.3.0 Lighting Intensity
	10.4.0 Selection of Luminaries
	10.5.0 Mounting Height and Spacing
	10.6.0 Manufacturer’s Literature
	10.6.1 Utilization Curve
	10.6.2 Isofootcandle Curve
	10.6.3 Maintenance Factor

	10.7.0 Lighting Intensity Calculations

	11.0.0 FIXTURES
	11.1.0 Light Fixtures
	11.1.1 Series and Multiple Circuits
	11.1.1.1 Series Circuits
	11.1.1.2 Multiple Circuits
	11.1.2 Components and Controls
	11.1.2.1 Constant Current Transformer


	12.0.0 FLOODLIGHTS
	12.1.0 Selection of Luminaries
	12.2.0 Mounting Height and Spacing
	12.3.0 Floodlight Aiming
	12.4.0 Manufacturer’s Literature
	12.5.0 Isofootcandle Diagrams
	12.6.0 Utilization Graph
	12.7.0 Maintenance Factor
	12.8.0 Light Intensity Calculations

	13.0.0 SECURITY LIGHTING
	13.1.0 Security Area Classification
	13.2.0 Lighting Control
	13.3.0 Alternate Power Sources

	Summary
	Review Questions
	Trade Terms Introduced in this Chapter
	Additional Resources and References
	CSFE Nonresident Training Course – User Update


	CE Basic Chapter 10 Test Equipment, Motors, and Controllers
	Chapter 10
	Test Equipment, Motors, and Controllers
	Topics
	Overview
	Objectives
	Prerequisites
	Features of this Manual
	1.0.0 PORTABLE ELECTRIC TOOL TESTERS
	2.0.0 MAINTENANCE of POWER TOOLS
	3.0.0 TEST EQUIPMENT
	3.1.0 Ammeters
	3.2.0 Voltmeters
	3.3.0 Line Voltage Indicators
	3.4.0 Ohmmeters
	3.5.0 Multimeters
	3.5.1 Voltage Measurements
	3.5.2 Amperage Measurements
	3.5.3 Resistance Measurements

	3.6.0 Megohmmeters
	3.7.0 Insulation Resistance Testers
	3.7.1 Short Time or Spot Reading Tests
	3.7.2 Common Test Voltages
	3.7.3 Causes of Low Insulation Resistance Readings
	3.7.4 Record Keeping
	3.7.5 Effects of Temperature
	3.7.6 Effects of Humidity
	3.7.7 Preparation of Apparatus for Test
	3.7.7.1 Take Out of Service
	3.7.7.2 Test Inclusion Requirements
	3.7.8 Safety Precautions
	3.7.8.1 Apparatus Under Test Must Not be Live
	3.7.8.2 Shock Hazard from Test Voltage
	3.7.8.3 Discharge of Capacitance
	3.7.8.4 Explosion and Fire Hazard


	4.0.0 MOTORS and CONTROLS
	5.0.0 MOTORS
	6.0.0 DC MOTORS and CONTROLS
	7.0.0 AC MOTORS
	7.1.0 Split - Phase Motors
	7.1.1 Troubleshooting and Repair
	7.1.2 Control for a Split Phase Motor

	7.2.0 Capacitor Motors
	7.3.0 Troubleshooting and Repair
	7.4.0 Universal Motors
	7.5.0 Shaded Pole Motors
	7.6.0 Fan Motors
	7.7.0 Speed Control of Shaded Pole Motors
	7.8.0 Speed Control of Split Phase and Capacitor Motors
	7.9.0 Speed Control of Universal Fan Motors

	8.0.0 CONSTRUCTION of THREE PHASE MOTORS
	8.1.0 Stator
	8.2.0 Rotor
	8.3.0 End Bells

	9.0.0 CONNECTING THREE PHASE MOTORS
	9.1.0 Wye Connection
	9.2.0 Delta Connection
	9.3.0 Voltages
	9.3.1 Dual Voltage Wye Motor
	9.3.1.1 High Voltage
	9.3.1.2 Low Voltage
	9.3.2 Dual Voltage Delta Motor
	9.3.2.1 High Voltage
	9.3.2.2 Low Voltage
	9.3.3 Reversing Three Phase Motors


	10.0.0 AC MOTOR CONTROLLERS
	10.1.0 Controller Capabilities
	10.1.1 Horsepower Ratings
	10.1.2 Single Controller Serving a Group of Motors

	10.2.0 Controller Markings
	10.3.0 Controller Circuitry
	10.3.1 Manual Controllers
	10.3.1.1 Toggle Switches or Circuit Breakers
	10.3.1.2 Disconnects
	10.3.1.3 Drum Control
	10.3.2 Magnetic Full Voltage Starters
	10.3.2.1 Control Circuit
	10.3.2.2 Load Circuit
	10.3.2.3 Starter Coil
	10.3.2.4 Heaters and Horsepower
	10.3.2.5 Heater Troubleshooting
	10.3.3 Push Button Stations
	10.3.4 Full Voltage Reversing Starters
	10.3.5 Reduced Voltage Starters
	10.3.6 Part Winding Starters

	10.4.0 Motor Maintenance, Testing, and Repair
	10.4.1 Cleaning
	10.4.2 Lubrication
	10.4.3 Ventilation
	10.4.4 Testing
	10.4.4.1 Visual Tests
	10.4.4.2 Operational Tests
	10.4.5 Motor Repair
	10.4.5.1 Disassembly
	10.4.5.1.1 End Bell Removal
	10.4.5.1.2 Bearing Removal
	10.4.5.1.3 Brush Removal
	10.4.5.1.4 Centrifugal Switch Removal
	10.4.5.1.5 Armature and Rotor Removal
	10.4.5.2 Testing Components
	10.4.5.2.1 Field Winding
	10.4.5.2.2 Armature Winding
	10.4.5.3 Reassembly

	10.5.0 Motor Controller Maintenance and Repair
	10.5.1 Copper Contacts
	10.5.2 Carbon Contacts
	10.5.3 Silver Contacts
	10.5.3.1 Electrical and Mechanical Wear
	10.5.3.2 Wear Allowance
	10.5.4 Blowout Coils


	11.0.0 MOTOR BRANCH CIRCUITS
	11.1.0 Motor Branch Circuit Short Circuit and Ground Fault Protection (NEC® 430, PART IV)
	11.2.0 Several Motors or Loads on One Branch Circuit
	11.3.0 Motor Feeder short Circuit and Ground Fault Protection (NEC® 430, Part V)
	11.4.0 Motor Controllers(NEC® 430, Part VII)
	11.5.0 Disconnecting Means, Motors, and Controllers (NEC® 430, Part VIII)
	11.6.0 Motor and Branch Circuit Overload Protection (NEC® 430, Part III)
	11.7.0 Fuses for Motor Overload Protection (NEC® 430, Part III)
	11.8.0 Overload Devices Other Than Fuses (NEC® 430, Part III)
	11.9.0 Thermally Protected Motors (NEC® 430, Part III)
	11.10.0 Protection of Live Parts – All Voltages (NEC® 430, Part XII)

	12.0.0 EQUIPMENT GROUNDING
	12.1.0 Equipment Fastened in Place or Connected by Permanent Wiring Methods (Fixed) (NEC 250, Part VII Section 250.134)
	12.2.0 Methods of Equipment Grounding (NEC® 250, Part VII)
	12.3.0 Use of Grounded Circuit Conductor for Grounding Equipment (NEC® Section 250.142)

	13.0.0 CONTROL CIRCUITS
	13.1.0 Control Circuits General (NEC® 430 Part VI and Article 725
	13.2.0 Control Symbols
	13.2.1 Control and Power Connections
	13.2.2 Control Wiring
	13.2.2.1 Two Wire Control
	13.2.2.2 Three Wire Control
	13.2.2.3 Low Voltage Control


	14.0.0 TROUBLESHOOTING and TESTING CONTROLLERS
	14.1.0 Troubleshooting
	14.2.0 Testing Component Circuits
	14.3.0 Combination Starters
	14.4.0 Push Button Station Connections
	14.5.0 Start-Stop Station with a Pilot Light

	15.0.0 MOTOR MAINTENANCE
	15.1.0 Lubrication
	15.1.1 Greasing Ball Bearings
	15.1.2 Pressure Relief Systems
	15.1.3 Roller Bearings
	15.1.4 Sleeve Bearings
	15.1.5 Fractional Horsepower Motors

	15.2.0 Motor Storage
	15.3.0 Periodic Inspection
	15.4.0 Brush Inspection
	15.5.0 Commutator Inspection
	15.6.0 Records
	15.7.0 Cleaning

	16.0.0 MOTOR START UP
	Summary
	Review Questions
	Additional Resources and References
	CSFE Nonresident Training Course – User Update


	APPENDIX I
	APPENDIX II
	APPENDIX III
	Construction Electrician Basic Back Cover


	returnTxt1CEB03PG3: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG3: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG3: 
	dQuestionCEB03KC1a1: 
	btnSHOP DRAWINGS: 
	tfP4W325: Show the proposed building or facility in an attractive setting in its natural surroundings at the proposed site.
	btnPRESENTATION DRAWINGS: 
	tfP4W243: Supplied by manufacturers to show fabrication of building parts.
	dQuestionCEB03KC1a2: 
	dQuestionCEB03KC1a3: 
	dQuestionCEB03KC1a4: 
	returnTxt1CEB03PG4: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG4: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG4: 
	returnTxt1CEB03PG137: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG137: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG137: 
	returnTxt1CEB03PG5: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG5: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG5: 
	returnTxt1CEB03PG18: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG18: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG18: 
	returnTxt1CEB03PG19: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG19: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG19: 
	returnTxt1CEB03PG20: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG20: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG20: 
	returnTxt1CEB03PG21: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG21: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG21: 
	dQuestionCEB03KC3a1: 
	dQuestionCEB03KC3a2: 
	dQuestionCEB03KC3a3: 
	dQuestionCEB03KC3a4: 
	dQuestionCEB03KC4a1: 
	dQuestionCEB03KC4a2: 
	dQuestionCEB03KC4a3: 
	dQuestionCEB03KC4a4: 
	tfP24W179: Interpreting the ideas expressed by others on drawing whether the drawings are actually blueprints or not.
	btnBLUEPRINT READING: 
	returnTxt1CEB03PG24: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG24: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG24: 
	returnTxt1CEB03PG25: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG25: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG25: 
	dQuestionCEB03KC6a1: 
	dQuestionCEB03KC6a2: 
	dQuestionCEB03KC6a3: 
	dQuestionCEB03KC6a4: 
	returnTxt1CEB03PG27: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG27: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG27: 
	returnTxt1CEB03PG28: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG28: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG28: 
	returnTxt1CEB03PG29: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG29: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG29: 
	returnTxt1CEB03PG30: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG30: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG30: 
	returnTxt1CEB03PG32: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG32: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG32: 
	returnTxt1CEB03PG33: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG33: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG33: 
	returnTxt1CEB03PG34: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG34: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG34: 
	tfP35W230: To cut a furrow in (as a column).
	btnCHAMFER: 
	dQuestionCEB03KC8a1: 
	dQuestionCEB03KC8a2: 
	dQuestionCEB03KC8a3: 
	dQuestionCEB03KC8a4: 
	returnTxt1CEB03PG38: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG38: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG38: 
	returnTxt1CEB03PG39: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG39: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG39: 
	returnTxt1CEB03PG41: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG41: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG41: 
	returnTxt1CEB03PG45: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG45: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG45: 
	returnTxt1CEB03PG47: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG47: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG47: 
	returnTxt1CEB03PG48: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG48: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG48: 
	returnTxt1CEB03PG49: Remediation Page, Click anywhere on this page to return
	returnTxt2CEB03PG49: Remediation Page, Click anywhere on this page to return
	dReturnButtonCEB03PG49: 
	dQuestionCEB03PC1a1: 
	dQuestionCEB03PC1a2: 
	dQuestionCEB03PC1a3: 
	dQuestionCEB03PC1a4: 
	dQuestionCEB03PC2a1: 
	dQuestionCEB03PC2a2: 
	dQuestionCEB03PC2a3: 
	dQuestionCEB03PC2a4: 
	dQuestionCEB03PC3a1: 
	dQuestionCEB03PC3a2: 
	dQuestionCEB03PC3a3: 
	dQuestionCEB03PC3a4: 
	dQuestionCEB03PC4a1: 
	dQuestionCEB03PC4a2: 
	dQuestionCEB03PC4a3: 
	dQuestionCEB03PC4a4: 
	dQuestionCEB03PC5a1: 
	dQuestionCEB03PC5a2: 
	dQuestionCEB03PC5a3: 
	dQuestionCEB03PC5a4: 
	dQuestionCEB03PC6a1: 
	dQuestionCEB03PC6a2: 
	dQuestionCEB03PC6a3: 
	dQuestionCEB03PC6a4: 
	dQuestionCEB03PC7a1: 
	dQuestionCEB03PC7a2: 
	dQuestionCEB03PC7a3: 
	dQuestionCEB03PC7a4: 
	dQuestionCEB03PC8a1: 
	dQuestionCEB03PC8a2: 
	dQuestionCEB03PC8a3: 
	dQuestionCEB03PC8a4: 
	dQuestionCEB03PC10a1: 
	dQuestionCEB03PC10a2: 
	dQuestionCEB03PC10a3: 
	dQuestionCEB03PC10a4: 
	dQuestionCEB03PC11a1: 
	dQuestionCEB03PC11a2: 
	dQuestionCEB03PC11a3: 
	dQuestionCEB03PC11a4: 
	dQuestionCEB03PC12a1: 
	dQuestionCEB03PC12a2: 
	dQuestionCEB03PC12a3: 
	dQuestionCEB03PC12a4: 
	dQuestionCEB03PC13a1: 
	dQuestionCEB03PC13a2: 
	dQuestionCEB03PC13a3: 
	dQuestionCEB03PC13a4: 
	dQuestionCEB03PC9a1: 
	dQuestionCEB03PC9a2: 
	dQuestionCEB03PC9a3: 
	dQuestionCEB03PC9a4: 
	dQuestionCEB03PC14a1: 
	dQuestionCEB03PC14a2: 
	dQuestionCEB03PC14a3: 
	dQuestionCEB03PC14a4: 
	dQuestionCEB03PC15a1: 
	dQuestionCEB03PC15a2: 
	dQuestionCEB03PC15a3: 
	dQuestionCEB03PC15a4: 
	dQuestionCEB03PC16a1: 
	dQuestionCEB03PC16a2: 
	dQuestionCEB03PC16a3: 
	dQuestionCEB03PC16a4: 
	dQuestionCEB03PC17a1: 
	dQuestionCEB03PC17a2: 
	dQuestionCEB03PC17a3: 
	dQuestionCEB03PC17a4: 
	dQuestionCEB03PC18a1: 
	dQuestionCEB03PC18a2: 
	dQuestionCEB03PC18a3: 
	dQuestionCEB03PC18a4: 
	dQuestionCEB03PC20a1: 
	dQuestionCEB03PC20a2: 
	dQuestionCEB03PC20a3: 
	dQuestionCEB03PC20a4: 
	dQuestionCEB03PC19a1: 
	dQuestionCEB03PC19a2: 
	dQuestionCEB03PC21a1: 
	dQuestionCEB03PC21a2: 
	dQuestionCEB03PC21a3: 
	dQuestionCEB03PC21a4: 
	dQuestionCEB03PC22a1: 
	dQuestionCEB03PC22a2: 
	dQuestionCEB03PC22a3: 
	dQuestionCEB03PC22a4: 
	dQuestionCEB03PC23a1: 
	dQuestionCEB03PC23a2: 
	dQuestionCEB03PC24a1: 
	dQuestionCEB03PC24a2: 
	dQuestionCEB03PC24a3: 
	dQuestionCEB03PC24a4: 
	dQuestionCEB03PC25a1: 
	dQuestionCEB03PC25a2: 
	dQuestionCEB03PC25a3: 
	dQuestionCEB03PC25a4: 
	dQuestionCEB03PC26a1: 
	dQuestionCEB03PC26a2: 
	dQuestionCEB03PC26a3: 
	dQuestionCEB03PC26a4: 
	dQuestionCEB03PC27a1: 
	dQuestionCEB03PC27a2: 
	dQuestionCEB03PC27a3: 
	dQuestionCEB03PC27a4: 
	dQuestionCEB03PC28a1: 
	dQuestionCEB03PC28a2: 
	dQuestionCEB03PC28a3: 
	dQuestionCEB03PC28a4: 
	dQuestionCEB03PC29a1: 
	dQuestionCEB03PC29a2: 
	dQuestionCEB03PC29a3: 
	dQuestionCEB03PC29a4: 
	dQuestionCEB03PC30a1: 
	dQuestionCEB03PC30a2: 
	dQuestionCEB03PC30a3: 
	dQuestionCEB03PC30a4: 
	dQuestionCEB03PC31a1: 
	dQuestionCEB03PC31a2: 
	dQuestionCEB03PC31a3: 
	dQuestionCEB03PC31a4: 
	dQuestionCEB03PC32a1: 
	dQuestionCEB03PC32a2: 
	dQuestionCEB03PC32a3: 
	dQuestionCEB03PC32a4: 
	dQuestionCEB03PC33a1: 
	dQuestionCEB03PC33a2: 
	dQuestionCEB03PC33a3: 
	dQuestionCEB03PC33a4: 
	dQuestionCEB03PC34a1: 
	dQuestionCEB03PC34a2: 
	dQuestionCEB03PC34a3: 
	dQuestionCEB03PC34a4: 
	dQuestionCEB03PC35a1: 
	dQuestionCEB03PC35a2: 
	dQuestionCEB03PC35a3: 
	dQuestionCEB03PC35a4: 
	dQuestionCEB03PC36a1: 
	dQuestionCEB03PC36a2: 
	dQuestionCEB03PC36a3: 
	dQuestionCEB03PC36a4: 
	dQuestionCEB03PC38a1: 
	dQuestionCEB03PC38a2: 
	dQuestionCEB03PC38a3: 
	dQuestionCEB03PC38a4: 
	dQuestionCEB03PC39a1: 
	dQuestionCEB03PC39a2: 
	dQuestionCEB03PC39a3: 
	dQuestionCEB03PC39a4: 
	dQuestionCEB03PC40a1: 
	dQuestionCEB03PC40a2: 
	dQuestionCEB03PC40a3: 
	dQuestionCEB03PC40a4: 
	dQuestionCEB03PC41a1: 
	dQuestionCEB03PC41a2: 
	dQuestionCEB03PC41a3: 
	dQuestionCEB03PC41a4: 
	dQuestionCEB03PC37a1: 
	dQuestionCEB03PC37a2: 
	dQuestionCEB03PC37a3: 
	dQuestionCEB03PC37a4: 
	dQuestionCEB03PC42a1: 
	dQuestionCEB03PC42a2: 
	dQuestionCEB03PC42a3: 
	dQuestionCEB03PC42a4: 
	dQuestionCEB03PC43a1: 
	dQuestionCEB03PC43a2: 
	dQuestionCEB03PC44a1: 
	dQuestionCEB03PC44a2: 
	dQuestionCEB03PC44a3: 
	dQuestionCEB03PC44a4: 
	dQuestionCEB03PC45a1: 
	dQuestionCEB03PC45a2: 
	dQuestionCEB03PC45a3: 
	dQuestionCEB03PC45a4: 
	dQuestionCEB03PC46a1: 
	dQuestionCEB03PC46a2: 
	dQuestionCEB03PC46a3: 
	dQuestionCEB03PC46a4: 
	txtRate: 
	txtCourse: 
	txtDate: 
	txtChapter: 
	txtNumber: 
	txtDescription: 
	txtCorrection: 
	txtName: 


