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PREFACE

By enrolling in this self-study course, you have demonstrated a desire to improve yourself and the Navy.
Remember, however, this self-study course is only one part of the total Navy training program. Practical
experience, schools, selected reading, and your desire to succeed are also necessary to successfully round
out a fully meaningful training program.

COURSE OVERVIEW: In completing this nonresident training course, you will demonstrate a
knowledge of the subject matter by correctly answering questions on the following subjects:

Technical Administration

Layout and Fabrication of Sheet Metal and Fiberglass Duct
Structural Terms/Layout and Fabrication of Structural Steel and Pipe
Fiber Line

Wire Rope

Rigging

Reinforcing Steel

Pre-engineered Structures: Buildings, K-Spans, Towers, and Antennas
Pre-engineered Storage Tanks

Pontoons

Pre-engineered Structures: Short Airfield for Tactical Support
Steelworker Tools and Equipment

THE COURSE: This self-study course is organized into subject matter areas, each containing learning
objectives to help you determine what you should learn along with text and illustrations to help you
understand the information. The subject matter reflects day-to-day requirements and experiences of
personnel in the rating or skill area. It also reflects guidance provided by Enlisted Community Managers
(ECMs) and other senior personnel, technical references, instructions, etc., and either the occupational or
naval standards, which are listed in the Manual of Navy Enlisted Manpower Personnel Classifications
and Occupational Standards, NAVPERS 18068.

THE QUESTIONS: The questions that appear in this course are designed to help you understand the
material in the text.

VALUE: In completing this course, you will improve your military and professional knowledge.
Importantly, it can also help you study for the Navy-wide advancement in rate examination. If you are
studying and discover a reference in the text to another publication for further information, look it up.
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Published by
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PROFESSIONAL DEVELOPMENT
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NAVSUP Logistics Tracking Number
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Sailor’s Creed

“l am a United States Sailor.

| will support and defend the
Constitution of the United States of
America and | will obey the orders
of those appointed over me.

| represent the fighting spirit of the
Navy and those who have gone
before me to defend freedom and
democracy around the world.

| proudly serve my country’s Navy
combat team with honor, courage
and commitment.

| am committed to excellence and
the fair treatment of all.”

il
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SAFETY PRECAUTIONS

Safety is a paramount concern for all personnel. Many of the Naval Ship’s
Technical manuals, manufacturer’s technical manuals, and every Planned Mainte-
nance System (PMS) maintenance requirement card (MRC) include safety precau-
tions. Additionally, OPNAVINST 5100.19 (series), Naval Occupational Safety and
Health (NAVOSH) Program Manual for Forces Afloat, and OPNAVINST 5100.23
(series), NAVOSH Program Manual, provide safety and occupational health infor-
mation. The safety precautions are for your protection and to protect equipment.

During equipment operation and preventive or corrective maintenance, the
procedures may call for personal protective equipment (PPE), such as goggles,
gloves, safety shoes, hard hats, hearing protection, and respirators. When specified,
your use of PPE is mandatory. You must select PPE appropriate for the job since
the equipment is manufactured and approved for different levels of protection. If
the procedure does not specify the PPE, and you aren't sure, ask your safety officer.

Most machinery, spaces, and tools requiring you to wear hearing protection are
posted with hazardous noise signs or labels. Eye hazardous areas requiring you to
wear goggles or safety glasses are also posted. In areas where corrosive chemicals
are mixed or used, an emergency eyewash station must be installed.

All lubricating agents, oil, cleaning material, and chemicals used in mainte-
nance and repair are hazardous materials. Examples of hazardous materials are
gasoline, coal distillates, and asphalt. Gasoline contains a small amount of lead and
other toxic compounds. Ingestion of gasoline can cause lead poisoning. Coal
distillates, such as benzene or naphthalene in benzol, are suspected carcinogens.
Avoid all skin contact and do not inhale the vapors and gases from these distillates.
Asphalt contains components suspected of causing cancer. Anyone handling asphalt
must be trained to handle it in a safe manner.

Hazardous materials require careful handling, storage, and disposal. PMS
documentation provides hazard warnings or refers the maintenance man to the
Hazardous Materials User's Guide. Material Safety Data Sheets (MSDS) also
provide safety precautions for hazardous materials. All commands are required to
have an MSDS for each hazardous material they have in their inventory. You must
be familiar with the dangers associated with the hazardous materials you use in your
work. Additional information is available from you command's Hazardous Mate-
rial Coordinator. OPNAVINST 4110.2 (series), Hazardous Material Control and
Management, contains detailed information on the hazardous material program.

Recent legislation and updated Navy directives implemented tighter constraints
on environmental pollution and hazardous waste disposal. OPNAVINST 5090.1
(series), Environmental and Natural Resources Program Manual, provides detailed
information. Your command must comply with federal, state, and local environ-
mental regulations during any type of construction and demolition. Your supervisor
will provide training on environmental compliance.

Cautions and warnings of potentially hazardous situations or conditions are
highlighted, where needed, in each chapter of this TRAMAN. Remember to be

safety conscious at all times.
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SUMMARY OF STEELWORKER
TRAINING MANUALS

VOLUME 1

Steelworker, Volume 1, NAVEDTRA 14250, consists of chapters on the fol-
lowing subjects: properties and Uses of Metal; Basic Heat Treatment; Introduction
to Welding; Gas Cutting; Gas Welding; Soldering Brazing, Braze Welding and
Wearfacing; Shielded Metal-Arc Welding and Wearfacing; and Gas Shielded-Arc
Welding.

VOLUME 2

Steelworker, Volume 2, NAVEDTRA 14251, consists of chapters on the fol-
lowing subjects: Technical Administration; Layout and Fabrication of Sheet Metal
and Fiber-Glass Duct; Structural Steel Terms/Layout and Fabrication of Structural
Steel and Pipe; Fiber Line; Wire Rope; Rigging; Reinforcing Steel; Pre-engineered
Structures: Buildings, K-Spans, Towers, and Antennas; Pre-engineered Storage
Tanks; Pontoons; pre-engineered Structures: Short Airfield for Tactical Support;
and Steelworker Tools and Equipment.



CREDITS

The following copyrighted illustrations in this TRAMAN are included
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Figure 8-11
Figure 8-24
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INSTRUCTIONS FOR TAKING THE COURSE

ASSIGNMENTS

The text pages that you are to study are listed at
the beginning of each assignment. Study these
pages carefully before attempting to answer the
questions. Pay close attention to tables and
illustrations and read the learning objectives.
The learning objectives state what you should be
able to do after studying the material. Answering
the questions correctly helps you accomplish the
objectives.

SELECTING YOUR ANSWERS

Read each question carefully, then select the
BEST answer. You may refer freely to the text.
The answers must be the result of your own
work and decisions. You are prohibited from
referring to or copying the answers of others and
from giving answers to anyone else taking the
course.

SUBMITTING YOUR ASSIGNMENTS

To have your assignments graded, you must be
enrolled in the course with the Nonresident
Training Course Administration Branch at the
Naval Education and Training Professional
Development  and  Technology  Center
(NETPDTC). Following enrollment, there are
two ways of having your assignments graded:
(1) use the Internet to submit your assignments
as you complete them, or (2) send all the
assignments at one time by mail to NETPDTC.

Grading on the Internet:
Internet grading are:

Advantages to

e you may submit your answers as Soon as
you complete an assignment, and

e you get your results faster; usually by the
next working day (approximately 24 hours).

In addition to receiving grade results for each
assignment, you will receive course completion
confirmation once you have completed all the
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assignments. To submit your
answers via the Internet, go to:

assignment

http://courses.cnet.navy.mil

Grading by Mail: When you submit answer
sheets by mail, send all of your assignments at
one time. Do NOT submit individual answer
sheets for grading. Mail all of your assignments
in an envelope, which you either provide
yourself or obtain from your nearest Educational
Services Officer (ESO). Submit answer sheets
to:

COMMANDING OFFICER
NETPDTC N331

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

Answer Sheets: All courses include one
“scannable” answer sheet for each assignment.
These answer sheets are preprinted with your
SSN, name, assignment number, and course
number. Explanations for completing the answer
sheets are on the answer sheet.

Do not use answer sheet reproductions: Use
only the original answer sheets that we
provide—reproductions will not work with our
scanning equipment and cannot be processed.

Follow the instructions for marking your
answers on the answer sheet. Be sure that blocks
1, 2, and 3 are filled in correctly. This
information is necessary for your course to be
properly processed and for you to receive credit
for your work.

COMPLETION TIME

Courses must be completed within 12 months
from the date of enrollment. This includes time
required to resubmit failed assignments.



PASS/FAIL ASSIGNMENT PROCEDURES

If your overall course score is 3.2 or higher, you
will pass the course and will not be required to
resubmit assignments. Once your assignments
have been graded you will receive course
completion confirmation.

If you receive less than a 3.2 on any assignment
and your overall course score is below 3.2, you
will be given the opportunity to resubmit failed
assignments. You may resubmit failed
assignments only once. Internet students will
receive notification when they have failed an
assignment--they may then resubmit failed
assignments on the web site. Internet students
may view and print results for failed
assignments from the web site. Students who
submit by mail will receive a failing result letter
and a new answer sheet for resubmission of each
failed assignment.

COMPLETION CONFIRMATION

After successfully completing this course, you
will receive a letter of completion.

ERRATA

Errata are used to correct minor errors or delete
obsolete information in a course. Errata may
also be used to provide instructions to the
student. If a course has an errata, it will be
included as the first page(s) after the front cover.
Errata for all courses can be accessed and
viewed/downloaded at:

http://www.advancement.cnet.navy.mil

STUDENT FEEDBACK QUESTIONS

We value your suggestions, questions, and
criticisms on our courses. If you would like to
communicate with us regarding this course, we
encourage you, if possible, to use e-mail. If you
write or fax, please use a copy of the Student
Comment form that follows this page.
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For subject matter questions:

E-mail:
Phone:

n314.products @cnet.navy.mil
Comm: (850) 452-1001, Ext. 1826
DSN: 922-1001, Ext. 1826

FAX: (850) 452-1370

(Do not fax answer sheets.)
COMMANDING OFFICER
NETPDTC N314

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32509-5237

Address:

For enrollment, shipping,
completion letter questions

grading, or

E-mail:
Phone:

fleetservices @cnet.navy.mil

Toll Free: 877-264-8583

Comm: (850) 452-1511/1181/1859
DSN: 922-1511/1181/1859

FAX: (850) 452-1370

(Do not fax answer sheets.)
COMMANDING OFFICER
NETPDTC N331

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

Address:

NAVAL RESERVE RETIREMENT CREDIT

If you are a member of the Naval Reserve,
you may earn retirement points for successfully
completing this course, if authorized under
current directives governing retirement of Naval
Reserve personnel. For Naval Reserve retire-
ment, this course is evaluated at 12 points.
(Refer to Administrative Procedures for Naval
Reservists on Inactive Duty, BUPERSINST
1001.39, for more information about retirement
points.)
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CHAPTER 1

TECHNICAL ADMINISTRATION

When you achieve the status of PETTY
OFFICER, it becomes your most important
advancement in the Navy. Sewing on your first
chevron carries many responsibilities with it. Among
these responsibilities is the commitment to become an
effective supervisor/leader, instructor, and
administrator in all military, technical, and safety
areas of your rating.

As a petty officer, you will begin to develop your
ability to manage the work that is done by your
personnel as well as to supervise/lead them.

As you gain experience as a petty officer and
increase your technical abilities as a Steelworker, your
skill as leader becomes more and more important as
you lead/supervise personnel assigned to you. At each
rating level, you will be given more responsibility and
will be expected to seek the responsibility associated
with that particular rating level. The intent of this
chapter is to help you understand the importance of
leadership, to show you the practical aspects of
applying leadership principles coupled with sound
administrative practices, and to help you use and
prepare the administrative “paperwork” that you will
be involved with as a crew leader.

CONSTRUCTION ADMINISTRATION

As your crew leader or supervisor experience
grows, you begin to assume greater responsibility for
the work of others. As this is occurring, you will also
assume greater administrative duties. For this reason,
you must understand that proper administration is the
backbone of any project. You will have personnel
assigned to your project who must be employed
effectively and safely. Therefore, you not only have to
meet production requirements and conduct training
but also must know and apply the procedures required
to process “paperwork” correctly,

Administration is the mechanical means that a
person or an organization uses to plan, organize,
supervise, manage, and document activities. It
provides a means of telling you such things as what
has been planned, what is required, what has occured,
what is completed, what personnel are assigned, and
so on. Try keeping all that information in your head
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for even a small assignment/project. You will begin to
understand the variety of methods used to administer
the job. Administration ranges from just keeping a
notebook in your back pocket to filling out a variety
of reports and forms.

As a growing leader in the Navy, you must learn
about and become effective in the use of
administrative tools as well as the tools of your trade.
Once you become comfortable with using these tools,
you will then develop the skill of a successful
administrator who can lead and direct people in
getting the job done right and done well.

PLANNING PERSONNEL WORK
ASSIGNMENTS

While planning for a small or large project, you
must consider the abilities of your crew. Use PRCP
data, which will be discussed later in the chapter. Next,
consider any special tools and equipment you will
need and arrange to have them at the jobsite when the
work is started. Determine who will use these tools,
and ensure the crew members assigned know how to
use them Properly and safely.

To assure that the project is done properly and on
time, you should consider the method of
accomplishment as well as the skill level (PRCP level)
of your crew. When there is more than one way of
constructing a particular project, you must analyze the
methods and choose the one best suited to the project
conditions and the skill levels of your crew. Listen to
suggestions from others. If you can simplify a method
and save time and effort, by all means do it.

As the petty officer in charge of a crew, you are
responsible for crew member time management as
well as your own. You must plan constructive work
for your crew. Always remember to PLAN AHEAD!
A sure sign of poor planning is that of crew members
standing idle each morning while you plan the events
for the day. At the close of each day, you should
confirm the plans for the next workday. In doing so,
you will need answers on the availability y and use of
manpower, equipment, and supplies. Keep the
following questions in mind:



1. Manpower. Who is to do what? How is it to be
done? When is it to be finished? Since idleness will
breed discontent, have you arranged for another job to
start as soon as the first one is finished? Is every crew
member fully used?

2. Equipment. Are all necessary tools and
equipment on hand to do the job? Is safety equipment
on hand?

3. Supplies. Are all necessary supplies on hand to
start the job? If not, who should take action? What
supply delivery schedules must you work around?

Have a definite work schedule and inspection
plan. Set up realistic daily goals or quotas. Personally
plan to check the work being done at intervals and the
progress toward meeting the goals. Spot-check for
accuracy, for workmanship, and the need for training.

Organizing

As a crew leader or supervisor, you must be able
to ORGANIZE. This means that you must analyze the
requirements of a job and structure the sequence of
events that will bring about the desired results.

You must develop the ability to look at a job and
estimate how many man-hours are required for
completion. You will probably be given a completion
deadline along with the job requirements. Next (or
perhaps even before making your estimate of
man-hours), plan the job sequences. Make sure that
you know the answers to questions such as the
following:

* What is the size of the job?
= Are the materials on hand?

e What tools are available, and what is their
condition?

= Is anyone scheduled for leave?
= Will you need to request outside support?

After getting answers to these questions, you
should be able to assign your crews and set up tentative
schedules. If work shifts are necessary, arrange for the
smooth transition from one shift to another with a
minimum of work interruption. How well you do is
directly related to your ability to organize.

Delegating

In addition to organizing, you must know how to
DELEGATE. This is one of the most important
characteristics of a good supervisor. Failure to
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delegate is a common failing of a new supervisor. It is
natural to want to carry out the details of a job yourself,
particularly when you know that you can do it better
than any of your subordinates. Trying to do too much,
however, is one of the quickest ways to get bogged
down in details and to slow down a large operation.
On some projects, you will have crews working in
several different places. Obviously, you cannot be in
two places at the same time. There will be many
occasions when a crew member needs assistance or
instruction on some problem that arises. If he or she
has to wait until you are available, then valuable time
will be lost. Therefore, it is extremely important for
you to delegate authority to one or more of your
experienced crew members to make decisions in
certain matters. However, you must remember that
when you delegate authority, you are still responsible
for the job. Therefore, it is very important that you
select a highly qualified individual when you delegate
authority.

Coordinating

A supervisor must be able to COORDINATE.
When several jobs are in progress, you need to
coordinate completion times so one can follow
another without delay. Possessing coordinating skill is
also very helpful when working closely with your
sister companies or shops. Coordination is not limited
to projects only. You would not want to approve a
leave chit for a crew member and then remember a
school during the same time period. Nor would you
want to schedule a crew member for the rifle range
only to find the range coaches unavailable at that time.

Production

The primary responsibility of every supervisor is
PRODUCTION. You and your crew can attain your
best by doing the following:

* Plan, organize, and coordinate the work to get
maximum production with minimum effort and
confusion.

= Delegate as much authority as possible, but
remain responsible for the final product.

= Continuously supervise and control to make sure
the work is done properly.

= Be patient (“Seabees are flexible and
resourceful”).



Supervising/Leading Work Teams

Before starting the project, you should make sure
your crew understands what is expected of them. Give
your crew instructions, and urge them to ask questions.
Be honest in your answers. If you do not know, say so;
then find the correct answers and inform your crew.
Establish goals for each workday and encourage your
crew members to work together as a team while
accomplishing these goals. Goals should be set that
will keep your crew busy but also ensure these goals
are realistic. Do not overload your crew or undertask
them. During an emergency, most crew members will
make an all-out effort to meet the deadline. But people
are not machines, and when there is no emergency,
they cannot be expected to work at an excessively high
rate continuously.

While the job is underway, check from time to
time to ensure that the work is progressing
satisfactorily. Determine if the proper methods, the
materials, the tools, and the equipment are being used.
If crew members are doing the job incorrectly, stop
them, and point out what is being done
unsatisfactorily. Then explain the correct procedure
and check to see that it is followed.

NOTE: When you check the work of your crew
members, do it in such a way that they will feel that
the purpose of checking is to teach, guide, or direct,
rather than to criticize or find fault.

Make sure your crew members take all applicable
safety precautions and wear/use safety apparel/
equipment that is required. Also, watch for hazardous
conditions, improper use of tools and equipment, and
unsafe work practices that could cause mishaps and
possibly result in injury to personnel. Many young
personnel ignore danger or think a particular safety
practice is unnecessary. This can normally be
corrected by proper instruction and training. Safety
awareness is paramount, and it must be a state of
mind and enforced daily until the crew understands its
importance. When this occurs, you MUST NOT allow
the crew to become complacent in safety matters.
Constant training and awareness is the key; therefore,
conduct safety lectures daily!

When time permits, rotate crew members on
various jobs within the project. Rotation gives them
varied experience. It also helps you, as a crew leader,
to get the job done when a crew member is out for any
length of time.
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As a crew leader, you should be able to get others
to work together in getting the job accomplished.
Maintain an approachable attitude toward your crew
so that each crew member will feel free to seek your
advice when in doubt about any phase of the work.
Emotional balance is especially important; you must
not panic before your crew, nor be unsure of yourself
in the face of conflict.

Be tactful and courteous in dealing with your
crew. Never show partiality to certain members of the
crew. Keep your crew members informed on matters
that affect them personally or concern their work.
Also, seek to maintain a high level of morale because
low morale can have a detrimental effect on safety
awareness and the quality and quantity of the work
your crew performs.

As you advance in rate, more and more of your
time will be spent in supervising others. Therefore,
learn as much as you can about the subject of
supervision. Study books on supervision as well as
leadership. Also, watch how other supervisors operate
and do not be afraid to ASK QUESTIONS.

TOOL KITS AND REQUISITIONS

Tool Kkits contain all of the craft hand tools
required by one four-member construction crew of a
given rating to pursue their trade. The kits Kits can be
augmented with additional tools to complete a specific
job requirement. However, kits must not be reduced in
any type of item and must be maintained at 100 percent
of the kit allowance.

As a crew leader, you are authorized to draw the
tools required by the crew. In so doing, you are
responsible for the following:

= Maintaining complete tool kits at all times
* Assigning tools within the crew

= Ensuring proper use and care of assigned tools
by the crew

* Preserving tools not in use

* Securing assigned tools
TOOL KIT INVENTORIES

To ensure that the tools are maintained properly,
the operations officer and the supply officer establish
a formal tool kit inventory and inspection program.
You, as a crew leader, must have a tool kit inventory
performed at least once a month. Damaged and worn
tools must be returned to the central toolroom (CTR)



for replacement. Tools requiring routine maintenance
are turned in to CTR for repair and reissue.
Requisitions will be submitted through prescribed
channels for replacement items.

PREPARING REQUISITIONS

As a crew leader, you should become familiar with
forms that are used to request material or services
through the Naval Supply System. Printed forms are
available that provide all the necessary information for
physical transfer of the material and accounting
requirements.

Two forms used for ordering materials are the
Single-Line Item Consumption/Management
Document (Manual), NAVSUP Form 1250 (fig. I-1)]
and the Requisition and Invoice/Shipping Document,

DD Form 1149 [fig. 1-2).

As a crew leader, you are not usually required
to make up the entire NAVSUP Form 1250;
however, you must list the stock number (when
available) of the item, the quantity required, and
the name or description of each item needed. This
form is turned in to the company expediter, who
will check it over, complete the rest of the
information required, and sign it. Then it is
forwarded to the material liaison officer (MLO)
or supply department for processing.

You are not likely to use DD Form 1149 often
since the items most frequently ordered are bulk fuels
and lubricants. This form is limited to a single page
and must contain no more than nine line items. It is

not necessary to fill in all the blocks on this form when
it is used as a requisition.

When ordering material, you need to know about
the national stock number (NSN) system. Information
on the NSN system and other topics relating to supply
is provided in Military Requirements for Petty Officer
Third Class, NAVEDTRA 10044-A.

TIMEKEEPING

In a battalion deployed overseas, as well as at
shore-based activities, your duties can involve the
posting of entries on time cards for military
personnel. Therefore, you should know the type of
information called for on time cards and understand
the importance of accuracy in labor reporting. You
will find that the labor reporting system primarily
used in Naval Mobile Construction Battalions
(NMCBs) and the system used at shore-based
activities are similar.

A labor accounting system is mandatory to record
and measure the number of man-hours that a unit
spends on various functions. In this system, labor
utilization data is collected daily in sufficient detail
and in a way that enables the operations officer to
compile the data readily. This helps the operations
officer manage manpower resources and prepare
reports to higher authority.

A unit must account for all labor used to carry out
its assignment, so management can determine the
amount of labor used on the project. Labor costs are
figured and actual man-hours are compared with
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Figure 1-2.—DD Form 1149,

previous estimates based on jobs of a similar nature.
When completed, this information is used by unit
managers and higher commands for developing
planning standards. Although labor accounting
systems can vary slightly from one command to
another, the system described here can be considered
typical.

CATEGORIES OF LABOR

The type of labor performed must be broken down
and reported by category to show how labor has been
used. For timekeeping and labor reporting purposes,
all labor is classified as either productive or overhead.

Productive Labor

PRODUCTIVE LABOR includes labor that directly
or indirectly contributes to the accomplishment of the

mission of the unit, including construction operations,
military operations, and training. Productive labor is
accounted for in three categories: direct labor,
indirect labor, and military, which is called “other” on
some timekeeping cards.

1. DIRECT LABOR includes labor expended
directly on assigned construction tasks either in the field
or in the shop that contributes directly to the completion
of an end product. Direct labor must be reported
separately for each assigned construction task.

2. INDIRECT LABOR comprises labor required
to support construction operations but does not produce
an end product itself.

3. MILITARY or “Other” includes military
functions and training necessary to support the
mission.



Overhead Labor bond beams, code R-17. You will use direct labor
codes to report each hour spent by each of your crew

OVERHEAD LABOR is not considered to be members during each workday on assigned
productive labor because it does not contribute construction tasks.
directly or indirectly to the completion of an end
product. Included is labor that must be performed
regardless of the assigned mission.

Codes are also used to report time spent by crew
members in the following categories: indirect labor,
military operations and readiness, disaster control
operations, training, and overhead labor. The codes
LABOR CODES shown in[figure 1-3]are used at most activities to

indicate time spent in these categories.

During the planning and scheduling of a
construction project, each phase of the project TIMEKEEPING CARDS
considered as direct labor is given an identifying code.

Because there are many types of construction projects Your report is submitted on a Daily Labor
involving different operations, codes for direct labor Distribution Report form (timekeeping card), like the
reporting can vary from one activity to another. For one shown in The form provides a
example, excavating and setting forms can be assigned breakdown by man-hours of the activities in the
code R-15; laying block, code R- 16; and installing various labor codes for each crew member for each

PRODUCTIVE LABOR. Productive labor includes all labor that directly contributes to the accomplishment of the Naval
Mobile Construction Battalion, including construction operations and readiness, disaster recovery operations, and training.

DIRECT LABOR. This category includes all labor expended directly on assigned construction tasks, either in the field or in
he shop, and which contributes directly to the completion of the end product

INDIRECT LABOR. This category comprises labor required to support construction operations, but which does not produce
n itself. Indirect labor reporting codes are as follows:

X01 Construction Equipment Maintenance, X04 Project Expediting (Shop X06 Project Material Support
Repair and Records Planners) X07 Tool and Spare Parts Issue
X02 Operation and Engineering X05 Location Moving X08 Other

X03 Project Supervision

MILITARY OPERATIONS AND READINES. This category comprises all manpower expended in actual military
operations, unit embarkation, and planning and preparations necessary to insure unit military and mobility readiness. Reporting
codes areas follows:

MO01 Military Operations MO04 Unit Movement MO06 Contingency M08 Mobility & Defense
MO02 Military Security MO5 Mobility Preparation MO7 Military Administrative Exercise

MO03 Embarkation Functions M09 Other

DISASTER CONTROL OPERATIONS

D01 Disaster Control Operations D02 Disaster Control Exercise

TRAINING. This category includes attendance at service schools, factory and industrial training courses, fleet type training,
and short courses, military training, and organized training conducted within the battalion. Reporting codes are as follows:

TO1 Technical Training TO03 Disaster Control Training TO05 Safety Training
T02 Military Training T04 Leadership Training T06 Training Administration

OVERHEAD LABOR. This category includes labor which must be performed regardless of whether a mission is assigned
and which does not contribute to the assigned mission. Reporting codes are as follows

Y01 Administrative & Personnel Y06 Camp Upkeep& Repairs Y10 personal Affairs
Y02 Medical& Dental Department Y07 security Y11 Lost Time

Y03 Navy Exchange and Special Semites Y08 Leave& Liberty Y12 TAD not for unit
Y04 Supply& Disbursing Y09 Sickcall, Dental& Y13 Other

Y05 commissary Hospitalization

Figure 1-3.—Labor codes.
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Figure 1-4.—Typical timekeeping card.

day on any given project. It is reviewed at the company
level by the staff and platoon commander and then
initialed by the company commander before it is
forwarded to the operations department. It is tabulated
by the management division of the operations
department, along with all of the daily labor
distribution reports received from each company and
department in the unit. This report is the means by
which the operations office analyzes the labor
distribution of total manpower resources for each day.
It also serves as feeder information for preparation of
the monthly operations report and any other source
reports required of the unit. This information must be
accurate and timely. Each level in the company
organization should review the report for an analysis
of its own internal construction management and
performance.

PERSONNEL READINESS
CAPABILITY PROGRAM

The Personnel Readiness Capability Program
(PRCP) was developed for use within the Naval
Construction Force (NCF). The PRCP is based upon
skill inventories of personnel and provides personnel

information to all levels of management within the
NCF. ‘Ibis increases the ability of management to
control, to plan, and to make decisions concerning the
readiness of each unit. The PRCP is also used to
identify the rating skills required and to determine the
formal training and individual skills required by the
Naval Facilities Engineering Command.[ Figure 1-5 is
an example of a PRCP.

NAVFAC P-458

Guidance for the PRCP has been published in a
one volume publication, NAVFAC P-458, to ease its
use by staff personnel and PRCP interviewers. The
PRCP contains standard skill definitions applicable to
the NCF, Standards and Guides, that consist of seven
separate manuals (one for each Seabee rating), and is
the primary tool of the interviewer in collecting and
updating data.

SKILL INVENTORIES

An accurate and current skill inventory is the

backbone of PRCP. Without this information, any
planning done would be questionable. The PRCP is



FASCO RPT/SYM NO. 04040/82060R01 PRCP SKILL UPDATE RECORD
GEMS REPORT NO. 1200-0 FOR OFFICIAL !ﬁ% g_t:l.v
84 FEB 15
NCTC PORHUE UIC 0612A CET COMPANY
UIC  PNEC 0000 SNEC 9502 TNEC 0000
COMPANY CHANGE
H SKILL SKILL SKILL [ l ]
; SKILL CATEGORY SKILL TITLE CODE LEVEL YEAR
------------------------------------------------------- [ DET/ TEAM CHANGE | I ]
GENERAL GENERAL MATHEMATICS 000 1 81
PLANNING, ESTIMATING AND SCHEDULING 030 1 84
INSTRUCTING 080 3 84
SAFETY 0% 1 81 _ SKILLA.[-J-[l)ICHANGEIDELETE
UTILITIESMAN PLUMBING 70 2 81 SKILL SKILL SKILL SKILL
SHORE BASED BOILERS 720 2 81 CODE LEVEL CODE LEVEL |
WATER TREATMENT 740 3 21
SEWAGE DISP AND FIELD SANITATION 750 2 81
AIR-CONDITIONING AND REFRIGERATION 760 1 81
SPECIAL DRIVERS LICENSE 801 1 81
DISEASE VECTOR PEST CONTROL 812 1 81
MILITARY AMPHIBIOUS EMBARKATION 901 1 81
FIREFIGHTING 904 1 81
CIML DISTURBANCE 907 1 81
MILITARY INSTRUCTOR 909 1 81
SQUAD LEADERS 942 1 81
M-16 RIFLE 953 2 84
45 CAL PISTOL 954 1 84
COMBAT COMMUNICATIONS 964 1 8
SURVIVAL. EVASION, RESIST, ESCAPE (SERE) 974 1 81
MINES AND BOOBY TRAPS 978 1 81
DISASTER RECOVERY, HEAVY RESCUE 979 1 84
CBR PERSONAL PROTECTION AND DECONTAMINATION ~ 980 1 84
DISASTER RECOVERY, CNTRL COMMCTN 681 1 81
INSTRUCTIONS:
1. DET/TEAM CHANGE - vaid entry is two
posifion alphanumaric
2. ADD/CHANGE SKILL - enter skil code and
skil levev 1,2,0r 3
3. DELETE SKILL - enter skif code. leave
skil level blank
4. FORWARD CHANGES TO CBC PORHUE, CODE 18112
REFER is navfac p-466 (standard & guides
for skill codes.)
SKILL YEAR is ed and
identifies year skill level assigned
SWNPO004 SHELF LIFE will be computed from skil year

Figure 1-5—PRCP Skills Update Record.

the management tool used to determine the readiness
of the unit and identify skill deficiencies in which the
troops must be trained. It is used with the requirements
established by the Commander, Second Naval
Construction Brigade (COMSECONDNCB), and
Commander, Third Naval Construction Brigade
(COMTHIRDNCB), which are issued in their joint
instruction COMSECOND/COMTHIRDNCBINST
1500.1 (series). This instruction identifies and defines
the skills required to meet peacetime and contingency
operations and specifies the required number of
personnel that must be trained in each skill.

NOTE: A “skill” is a specific art or trade. For
PRCP purposes, skills are described as either a
“manipulative” or “knowledge” skill.

SKILL CATEGORIES

Skills required by the PRCP have been classified
into five major categories as follows:
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1. Individual General Skills (PRCP 040-090).
These are essentially nonmanipulative skills
(knowledge) related to two or more ratings, such as
material liaison office operation (PRCP 040),
instructing (PRCP 080), and safety (PRCP 090).

2. Individual Rating Skills (PRCP 100-760).
These are primarily manipulative skills associated with
one of the seven Seabee ratings. Some examples areas
follows: pipe welding (PRCP 612), for the Steelworker
rating; cable splicing (PRCP 237), for the Construction
Electrician rating; and shore-based boiler operation
(PRCP 720), for the Utilitiesman rating.

3. Individual Special Skills (PRCP 800-830).
These are technical skills performed by personnel in
several ratings, including personnel that are not
Occupational Field 13 (Seabees). Examples are as
follows: forklift operation (PRCP 800), ham radio
operation (PRCP 804), and typing (PRCP 803).

4. Military Skills (PRCP 901-981). Military skills
are divided into three subcategories: mobilization,
disaster recovery, and Seabee combat readiness.



Examples are aircraft embarkation (PRCP 902), M-16
rifle use and familiarization, disaster recovery, and
heavy rescue (PRCP 979).

5. Crew Experience Skills (PRCP 1000A-
1010A). These skills are attained by working with
others on specific projects. Most of these projects are
related to advanced base construction, such as an
observation tower (PRCP 1002A), fire fighting (PRCP
1009A), and bunker construction (PRCP 1008A).

A skill inventory has three principal steps. First,
each skill is accurately defined and broken down into
task elements. Second, a standard procedure for
obtaining the information is developed. This
procedure helps to ensure that the information,
regardless of where it is collected or by whom, meets
standards of acceptability. The third step is the actual
collection of the skill data and includes the procedures
for submitting the data to the data bank.

When you become a crew leader, it will be your
responsibility to your crew members to provide them
with the opportunity to learn new skills. This can be
done through training or by assigning your crew to
various types of work whenever possible. You and
your crew members can gain a higher skill level by
determining the training requirements needed and
satisfying them. Then you, as the crew leader, should
report these newly acquired skills to the PRCP
coordinator, who will add them to your other skills and
to the skills of each crew member. It is your
responsibility to see that this skill information is kept
current and accurate. For additional information on
the PRCP program, interview techniques, and
procedures, refer to the NCF/SEABEE 1 and C,
NAVEDTRA 12543.

SAFETY PROGRAM

As a petty officer, you must be familiar with the
safety program at your activity. You cannot perform
effectively as a petty officer unless you are aware of
the importance of the safety program. You should
know who (or what group) comprises and establishes
the safety policies and procedures you must follow.
You should also know who provides guidelines for
safety training and supervision. Every NCF/NMCB
unit and shore command are required to implement a
formal safety organization.

In the Seabees, everyone is responsible for safety.
According to the NCF Safety Manual, COM-
SECONDNCB/COMTHIRDNCBINST 5100.1
(series), the battalion safety office administers the
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battalion safety program and provides technical
guidance. Overall guidance comes from the Navy
Occupational Safety and Health Program Manual
(NAVOSH), OPNAVINST 5100.23 (series). If you
have any questions concerning safety on the jobsite,
the safety office is the place to get your questions
answered.

It is not the responsibility of the safety office to
prevent you from doing something you know or
suspect is unsafe, but they do have the authority to stop
any operation where there is impending DANGER of
injury to personnel or damage to equipment or
property. Safe construction is your responsibility, and
ignorance is no excuse. It is your responsibility to
construct safely.

SAFETY ORGANIZATION

The safety organization of the NMCB provides for
(1) the establishment of safety policy and (2) control
and reporting. As shown in figure 1-6.]the Battalion
Safety Policy Organization is made up of the policy
committee, supervisors’ committee, equipment, shop,
and crew committees. The SAFETY POLICY
COMMITTEE is presided over by the executive
officer. Its primary purpose is to develop safety rules
and policy for the battalion. This committee reports to
the commanding officer, who must approve all
changes in safety policy.

The SAFETY SUPERVISORS' COMMITTEE is
presided over by the battalion’s safety chief and
includes safety supervisors assigned by company
commanders, project officers, or officers in charge of
detail. This committee provides a convenient forum
for work procedures, safe practices, and safety
suggestions. Its recommendations are sent to the
policy committee.

The EQUIPMENT, SHOP, AND CREW
COMMITTEES are assigned as required. Each

BATTALION SAFETY POLICY ORGANIZATION

SAFETY POLICY
COMMITTEE(XQ)

A
I SUPERVISORS
CouMTTEE

DETAIL SAFETY
SUPERVISORS

|Au'romonvsmncousmucmu| | snopsarery | | crewsarery |
| “EcuieteN COMMITEE | | CoMmrTTees |}
SWNPOOOS

Figure 1-6.—The Safety Organization Chart of the NMCB.



committee is usually presided over by the company or
project safety supervisor. The main objective of the
committee is to propose changes in the battalion’s
safety policy to eliminate unsafe working conditions
or prevent unsafe acts. These committees are your
contact for recommending changes in safety matters.
In particular, the equipment committee reviews all
vehicle mishap reports, determines the cause of each
mishap, and recommends corrective action. As a crew
leader, you can expect to seine as a member of the
equipment, shop, or crew safety committee. Each
committee forwards reports and recommendations to
the Safety Supervisors’ Committee.

CONSTRUCTION SITE SAFETY

The work involved in construction and
maintenance/repair is inherently dangerous, and many
of the functions that must be performed contain
elements hazardous to personnel. The type of work
performed on construction sites is broad and
encompasses are as for which substantial material on
safety has been written.

General Safety Concerns

This chapter addresses the major areas of general
safety concerns and references other publications that
are used by NCF/PHIBCB safety and supervisory
personnel.

“Safety is everybody’s responsibility.” This is a
rule that must be adhered to during all phases of
construction, maintenance and repair, and battalion
operations. Training at all levels and enforcement of
safety regulations during all types of work is the
ongoing responsibility of each Seabee.

Safety at the construction site has elements of
general construction, steel erection, high work, and
rigging and weight handling. Specialized and detailed
areas of safety include weight-handling operations,
construction and use of scaffolding, and welding and
cutting. Numerous safety manuals and publications
provide detailed procedures and regulations for these
types of work.

Safety References

Some of the more useful manuals and handbooks
applicable to tasks performed on construction sites
and maintenance shops are as follows:

1. Naval Construction Force Safety Manual. This
manual is applicable to COMSECONDNCB/
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COMTHIRDNCB units and also covers many
areas useful to PHIBCBs.

General Safety Requirements Manual, Corps of
Engineers, EM 385. This field manual contains
guidance primarily concerning construction.

Occupational Safety and Health Standards for
the Construction Industry (29 CFR 1926).

Safety Procedures/Standards

Major safety procedures/standards that are
required on a jobsite that apply to both construction
sites and construction/repair of pontoon structures are
as follows:

1. Hard hats must be worn by all personnel in the
area, including visitors.

2. Post the site with a hard hat area sign and
warning signs (red for immediate hazards and yellow
for potential hazards).

3. The safety manuals, EM 385 and the 29 CFR
1926, are required to be kept on the jobsite.

4. Housekeeping is important. Keep materials well
sorted, stacked, and accessible. Remove excess items.
Keep discarded items and trash picked up. Watch and
remove hipping hazards.

5. Designate and mark vehicle/forklift traffic lanes
and areas.

6. Each jobsite must have emergency plans posted,
containing the location of the nearest phone, the
telephone numbers, and the reporting instructions for
the ambulance, the hospital, the physician, the police,
and the fire department personnel.

7. If a medical facility is not readily accessible
(due to time or distance), two crew members must be
both first aid and CPR qualified.

8. For every 25 personnel or less, one first-aid Kit
must be on site and checked weekly for consumable
items.

9. If toilet facilities are not readily available, you
must provide portable facilities,

10. Drinking water must be provided from an
approved source and labeled for “drinking only.”
Common use cups are not allowed.

11. Temporary fencing is required as a safety
measure to keep unauthorized personnel away from
potential hazards if the jobsite is in an area of active use.



12. Eyewash stations are required on all jobsites.

Fire Extinguishers

An adequate number of fire extinguishers are
required to be on site. The number required is
determined by the types of extinguisher required to
extinguish the various types of materials, such as
paint, corrosives, and other flammables, on the jobsite.
Also, the size of the jobsite must be considered, and
there must be one extinguisher at each welding station.
Refer to the EM 385 for further guidance.

= Material Safety Data Sheets are required to be
on site for all hazardous material. (MSDS will
be discussed in this chapter.)

= All high work is serious business. Work above 5
feet in height must be particularly well planned
and personnel safety constantly enforced.

Scaffolds

Accidents occur when high work becomes so
routine that safety measures become lax and
inspection of scaffolds is not performed. A healthy
respect for the hazards must be maintained.
References (1) and (3) contain detailed safety
information on scaffolds, and additional safety
guidance can be found in reference (2). Scaffold safety
is also discussed iri_ chapter 6 of this manual. Some of
the more general precautions are the following:

Work above 5 feet must have scaffolding
provided.

People working above 12 feet and not on
scaffolding must have a safety belt and lifeline.

Ground personnel must be kept clear of high
work.

Never use makeshift, expedient scaffolding.

Inspect scaffold members and equipment daily
before work is started. Keep all members in good
repair without delay.

Do not use scaffolds for storage space.

Use handlines for raising and lowering objects
and tools.

Do not paint scaffolds since painting can conceal
defects.

1-11

Welding and Cutting

A significant part of construction and
maintenance/repair work is welding and cutting.
Safety was addressed in volume 1 of this manual and
is addressed here as a part of general on-site safety
concerns. Safety precautions required for this work are
extensive and specialized. The importance be shown
by the extent of guidance on welding safety provided
in references (1), (2), and (3). One point to bear in
mind is that welding safety must be concerned with
other personnel on the jobsite as well as the people
performing the work. A list of some of the more basic
precautions and procedures welders must be aware of
or adhere to should include the following:

¢ FEye injury.

e Burns.

e Toxic vapors.

® Electric shock (when applicable).

Fire and explosion.

All welding equipment should be inspected
daily. Remove the defective items immediately
from service.

personnel protective equipment and clothing
must be considered an integral part of the work
and must be inspected and maintained
accordingly. No compromises in the protection
of welders is allowed.

Areas should be marked with Danger - Welding
and Eye Hazard Area signs.

Welders working above 5 feet must be protected
by railings or safety belts and lifelines.

When welding any enclosed space or pontoons,
ensure that a vent opening is provided and that
the space is free of flammable liquids and
vapors.

Do not weld where flammable paint or coating
can cause a fire hazard.

After welding is completed, mark the area of hot
metal or provide some means of warning other
workers.

SAFETY RESPONSIBILITIES

[Figure 1-7] shows the Battalion Safety Control and
Reporting Organization. As a crew leader, you will
report to the safety supervisor, who directs the safety
program of a project. Duties of the safety supervisor
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Figure 1-7.—Battalion Safety Control and Reporting Organization.

include indoctrinating new crew members, compiling
mishap statistics for the project, reviewing mishap
reports submitted to the safety office, and comparing
safety performances of all crews.

The crew leader is responsible for carrying out
safe working practices under the direction of the safety
supervisor or others in position of authority (project
chief, project officer, safety chief, and safety officer).
You, as the crew leader, must be sure each crew
member is thoroughly familiar with these working
practices, has a general understanding of pertinent
safety regulations, and makes proper use of protective
clothing and safety equipment. Furthermore, be ready
at all times to correct every unsafe working practice
you observe and report it immediately to the safety
supervisor or the person in charge. When an unsafe
condition exists, the safety supervisor (or whoever is
in charge) has the power to stop work on the project
until the condition is corrected.

In case of a mishap, you must ensure that anyone
injured gets proper medical care as quickly as
possible. Investigate each mishap involving crew
members to determine its cause. Remove or
permanently correct defective tools, materials, and
machines as well as environmental conditions that
contribute to the cause of a mishap. Afterwards, you
are required to submit the required written reports.

SAFETY TRAINING

New methods and procedures for safely
maintaining and operating equipment are constantly
being developed. Therefore, you must keep abreast of

1-12

the latest techniques in maintenance and operational
safety and then pass them onto your crew members.
Keep them informed by holding daily standup safety
meetings. As crew leader, you are responsible for
conducting each meeting and for passing on
information that the safety supervisor has organized
and assembled. Information (such as the type of safety
equipment to use, where to obtain it, and how to use
it) is often the result of safety suggestions received by
the Safety Supervisors’ Committee. Encourage your
crew members to submit their ideas or suggestions to
this committee.

At times, you will hold a group discussion to pass
the word on specific mishaps that are to be guarded
against or have happened on the job. Be sure to give
plenty of thought to what you are going to say
beforehand. Make the discussion interesting and urge
the crew to participate. The final result should be a
group conclusion as to how the specific mishap could
have been prevented.

Your daily standup safety meetings also give you
the chance to discuss matters pertaining to safe
operation and any safety items, such as riding in the
back of a vehicle, prestart checks, and maintenance of
automotive vehicles, assigned to a project. Since these
vehicles are used for transporting crew members as
well as cargo, it is important to emphasize how the
prestart checks are to be made and how the vehicles
are to be cared for.

In addition to standup safety meetings, you are
also concerned with day-to-day instruction and
on-the-job training. Although it is beyond the scope



of this manual to describe teaching methods, a few
words on your approach to safety and safety training
at the crew level are appropriate. Getting your crew to
work safely, like most other crew leader functions, is
basically a matter of leadership. Therefore, do not
overlook the power of personal example in leading
and teaching your crew members. Soon you will
discover that they are quick to detect differences
between what you say and what you do. It is
unreasonable to expect them to maintain a high
standard of safe conduct if you do not. As a crew leader
you must be visible at all times and show your sincere
concern for the safety of your crew. Although it is not
the only technique you can use, leadership by example
has proven to be the most effective of those available
to you.

HAZARDOUS MATERIAL

Various materials are used in shops and jobsites
throughout the NCF, some of which can be hazardous.
The key to the NAVOSH program is to inform the
workers about these hazards and the measures
necessary to control hazardous materials. To track all
hazardous materials, the Department of Defense
(DoD) has established the Hazardous Material
Information System (HMIS), OPNAVINST 5100.23
(series), which is designed to obtain, store, and
distribute data on hazardous materials procured for
use. This information is readily available through
every supply department.

MATERIAL SAFETY DATA SHEET

A Material Safety Data Sheet (MSDS), OSHA
Form 174 or an equivalent form (fig. 1-8), shall be
completed for each hazardous item procured and shall
be submitted to the procuring activity by the
contractor/manufacturer/vendor.

Upon drawing any hazardous material, MLO
provides the crew leader with an MSDS. The MSDS
identifies all hazards associated with exposure to that
specific material. It also will identify any personnel
protective equipment or other safety precautions
required as well as first-aid/medical treatment
required for exposure. The crew leader is required by
federal law to inform crew members of the risks and
all safety precautions associated with any hazardous
material present in the shop or on the jobsite. This can
be done during each daily safety lecture as the material
is drawn and delivered to the jobsite/shop. All hands
must be informed before the material can be used;
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therefore, it is a good practice to have a sign-off sheet
on the actual MSDS. Additionally, the MSDS must be
posted conspicuously, and all hands are aware of its
location-at the jobsite, shop spaces, and any other
approved hazardous material storage area.

HAZARDOUS MATERIAL CONTROL
PROGRAM

The Hazardous Material Control Program is a
Navy-wide program to administer the correct storage,
handling, usage, and disposition of hazardous
material. Steel workers are tasked with monitoring and
complying with this program. Hazardous waste
disposal has become a serious concern for the Naval
Construction Force today. Cleaners, acids, fluxes,
mastics, sealers, and even paints are just a few of the
hazardous materials that can be present in your
shopl/jobsite. As a crew leader, you are responsible for
the safety and protection of your crew. You are equally
responsible for the protection of the environment.
There are stiff fines and penalties that apply to NCF
work as well as civilian work for not protecting the
environment ! You are not expected to be an expert in
this area. You should, however, immediately contact
the environmental representative or the safety office
in case of any environmental problem (spill, permits,
planning, and such).

HAZARDOUS WARNING MARKINGS
AND LABELS

Specific hazards can be determined at a glance
by referring to warning markings and labels that
identify hazardous materials. Hazardous warning
markings and labels are necessary to show clearly
the hazardous nature of the contents of packages or
containers at all stages of storage, handling, use, and
disposal. When unit packages (marked packages
that are part of a larger container) are removed from
shipping containers, the continuity of the specific
hazard warning must be preserved. This is normally
done by applying the appropriate identifying
hazardous label to the hazardous material container
or package.

The Department of Transportation (DOT) labeling
system shown in [figure 1-9]is a diamond-shaped
symbol segmented into four parts. The upper three
parts reflect hazards relative to health, fire, and
reactivity. The lower part reflects the specific hazard
that is peculiar to the material.



Material Safety Data Sheet
May be used to comply with

OSHA's Hazard Communication Standard,
29 CFR 1910.1200. Standard must be
consulted for specific requirements.

U.S. Department of Labor 7N
Occupational Safety and Heaith Administration \(y/
( Non - Mandatory Form)

Form Approved

OMB No. 1218-0072

IDENTITY (As Used on Labal and List)

information is available, the space must be marked fo indicate that

INote : Blank spaces are not pemnilted. If any item is not applicable, or no

Saction ii — Hazardous ingredients / identity iniormation
Other Limits

Hazardous Components { Specific Chemical identity ; Common Name(s) OSHA PEL ACGIH TLV ReCoTwended % { Optional )
Section il — Physical / Chemical Charactaristics
Boiling Point Specific Gravity (HaO =1)
Vapor Pressure {mm Hg) Melting Paint
Vapor Density (Air = 1) Evaporation Rate

( Butyl Acetate = 1)
Solubility in Water
Appearance and Odor
Section |V — Fire and Explosion Hazard Data

Flammabla Limits TLEL UEL

Extinguishing Media

Special Fire Fighting Procedures

Unusual Fire and Explosion Hazards

{ Reproduce Locally)

SHA 174 Sant 19085
QSHA 174, Sept. 1982

SWNP0OO?

SYVIN

Figure 1-8A.—Material Safety Data Sheet (front).
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Section V — Reactivity Data

Stability Unstable Conditions o Avoid

Stable

Incompatibility ( Materals 1o Avoid)

Hazardous Decomposiion or Byproducts

Hazardous May Occus Conditons to Avoid
Polymerization

Wil Not Occur

Section V! — Health Hazard Data

Roule(s) of Entry : Inhalation 7 Skin 7

Ingestion 7

Heaith Hazards ( Acute and Chronic)

Caranoganicity - NTP 7 ~IRAC_Monographe 7

OSHA Reguiated 7

Sigw and Syrmpiome of Exposuie

Medical Conditions
Generally Agoravated by Exposure

Emergency and First Aid Procedures

Section VII— Precautions for Safe Handling and Use

Sweos to Be Taken In Case Material is Raeleased or Soilled

Waste Disposal Method

Precautione to Be Taken in Handing and Stonng

Other Pr.

©
-
ie
‘5

Saction VI|I — Control Measures

Respiratory Protection ( Spedily Type )

Ventlation Local Exhaust Special
Mechanical ( Ganeral ) Other
Protective Gloves TEyo Protection

Other Protective Ciothing or Equipment

Work / Hygienic Practices

Figure 1-8B.—Material Safety Data Sheet (back).
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HEALTH HAZARD FIRE HAZARD
— ——
« . DEADLY FLASH POINTS
3 - EXTREME DANGER 4 - BELOW73* F
2 - HAZARDOUS 3 - BELOW 100° F
1 - SLIGHTLY HAZARDOUS 2 - 200° F AND BELOW
0 - NORMAL MATERIAL /\ é - CVBIPLVEOZ’?OBU’;N
v, 2 "N
SPECIFIC HAZARD \/ REACTIVITY
4 - MAY DETONATE
OXY - OXIDIZER 3 - SHOCK AND HEAT
ACID - ACID MAY DETONATE
ALK - ALKAL! 2 - VIOLENT CHEMICAL
COR - CORROSIVE 1 - UNSTABLE IF HEATED
W - USE NO WATER 0 - STABLE
SWNPOOOY

Figure 1-9.—Hazardous Code Chart.

The four specific hazards that the labels are
designed to illustrate are as follows:

Health Hazard—the ability of a material to either
directly or indirectly cause temporary or permanent
injury or incapacitation.

Fire Hazard—the ability of a material to bum
when exposed to a heat source.

Reactivity Hazard—the ability of a material to
release energy when in contact with water. This term
can be defined as the tendency of a material, when in
its pure state or as a commercially produced product,
to polymerize, decompose, condense, or otherwise
become self-reactive and undergo violent chemical
changes.

Specific Hazard—this term relates to a special
hazard concerning the particular product or
chemical that was not covered by other labeled
hazard items.

The degree of hazard is expressed in humerical
codes as follows:

4 = extremely dangerous material

3 = dangerous hazard

2 = moderate hazard

1 = slight hazard
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0 = no hazard

The example shown in[figure 1-10]describes the
hazards of methyl ethyl ketone. Methyl ethyl ketone
is usually found mixed with paints, oils, and greases
from solvent cleaning, paint removers, adhesives, and
cleaning fluid residues. The numbers on the label
identify this chemical compound as follows:

Health Hazard 2, “Hazardous”

Fire Hazard 4, “Flash point below 73°F,
extremely dangerous material”

Reactivity 3, “Shock or heat may detonate,
dangerous material”

Specific Hazard, “None”

>

Figure 1-10.—Hazard warning lahel for methyl ethyl ketone.



Other specific labeling requirements are provided
in the NAVSUPINST5100.27 (series). All supervisors
should carefully review the contents of this
instruction.

HAZARDOUS MATERIAL STORAGE

The safest practice concerning hazardous material
is to draw only the amount of material that can be used
that day. Storing hazardous materials on the jobsite
requires the use of approved storage containers. These
containers must be placed a minimum of 50 feet away
from any ignition device or source. Plan for the
delivery of proper storage equipment before having
hazardous materials delivered to the jobsite. Since
many hazardous materials require separate storage
containers (as an example, corrosives and flammables
cannot be stored together), consult your safety office

HAZARDOUS MATERIAL TURN-IN

Any excess material must be disposed of through
an authorized hazardous material disposal facility.
Proper labeling of hazardous materials is critical.
Properly labeled, waste can be disposed of for a
relatively low price. Unidentified material must first
be analyzed, which is extremely expensive. Anytime
you turn-in hazardous material, an MSDS must
accompany the material and ensure the MSDS is
ledgeable. This will save valuable time and expense
and make the job easier for supply.

Avoid mixing unlike types of waste. Do not mix
waste paint thinner in a waste oil drum. The Navy sells
uncontaminated waste oil for a profit. If only minor
amounts of any other substance are present in the
waste oil, the Navy must pay high prices for analysis
and disposal. The best method for disposal is properly
labeling the materials and returning them, unmixed, to
the supply department. Each container must be clearly
labeled, preferably with the BM line item or other
supply tracking documentation. It is always best to
check with the battalion MLO staff or safety office for
proper disposal procedures.

PLANNING AND ESTIMATING (P&E)

Good construction planning and estimating
procedures are essential for any Seabee. This section
is intended to give crew leaders helpful information
for planning, estimating, and scheduling construction
projects. This material is designed to help you
understand the concepts and principles and is NOT
intended to be a reference or establish procedures.
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There are Special Construction Battalion Training
classes (SCBT) specifically for Steelworker P&E as
well as C-1 Advanced P&E school (NEC 5915) for
Seabees.

NOTE: There are various techniques for
planting, estimating, and scheduling. The procedures
described herein are suggested methods that have been
proved with use and result in effective planning and
estimating.

PLANNING

Planning is the process of determining
requirements and devising and developing methods
and actions for constructing a project. Good
construction planning is a combination of many
elements: the activity, material, equipment, and
manpower estimates; project layout; project location;
material delivery and storage; work schedules; quality
control; special tools required; environmental
protection; safety; and progress control. All of these
elements depend upon each other. They must all be
considered in any well-planned project. Proper
planning saves time and effort, making the job easier
for all concerned.

ESTIMATING

Estimating is the process of determining the
amount and type of work to be performed and the
quantities of material, equipment, and labor required.
Lists of these quantities and types of work are called
estimates.

Preliminary Estimates

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.

Detailed Estimates

Detailed estimates are precise statements of
guantities of material, equipment, and manpower
required to construct a given project. Underestimating
quantities can cause serious delays in construction and
even result in unfinished projects. A detailed estimate
must be accurate to the smallest detail to quantify
requirements correctly.



Activity Estimates

An activity estimate is a listing of all the steps
required to construct a given project, including
specific descriptions as to the limits of each clearly
definable quantity of work (activity). Activity
quantities provide the basis for preparing the material,
equipment, and manpower estimates. They are used to
provide the basis for scheduling material deliveries,
equipment, and manpower. Because activity estimates
are used to prepare other estimates and schedules,
errors in these estimates can multiply many times. Be
careful in their preparation!

Material Estimates

A material estimate consists of a listing and
description of the various materials and the quantities
required to construct a given project. Information for
preparing material estimates is obtained from the
activity estimates, drawings, and specifications. A
material estimate is sometimes referred to as a Bill of
Material (BM) or a Material Takeoff (MTO) Sheet.

Equipment Estimates

Equipment estimates are listings of the various
types of equipment, the amount of time, and the
number of pieces of equipment required to construct
a given project. Information, such as that obtained
from activity estimates, drawings, specifications, and
an inspection of the site, provides the basis for
preparing the equipment estimates.

Manpower Estimates

The manpower estimate consists of a listing of the
number of direct labor man-days required to complete
the various activities of a specific project. These
estimates will show only the man-days for each
activity, or they can be in sufficient detail to list the
number of man-days for each rating in each
activity—Builder (BU), Construction Electrician
(CE), Equipment Operator (EO), Steelworker (SW),
and Utilitiesman (UT). Man-day estimates are used in
determining the number of personnel and the ratings
required on a deployment. They also provide the basis
for scheduling manpower in relation to construction
progress.

When the Seabee Planner’s and Estimator’s
Handbook, NAVFAC P-405, is used, a man-day is a
unit of work performed by one person in one 8-hour
day or its equivalent. One man-day is equivalent to a
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10-hour day when the Facilities Planning Guide,
NAVFAC P-437, is used.

Battalions set their own schedules, as needed, to
complete their assigned tasks. In general, the work
schedule of the battalion is based on an average of 55
hours per man per week. The duration of the workday
is 10 hours per day, which starts and ends at the jobsite.
This includes 9 hours for direct labor and 1 hour for
lunch.

Direct labor (“Timekeeping” as previously
discussed) includes all labor expended directly on
assigned construction tasks, either in the field or in the
shop, that contributes directly to the completion of the
end product. Direct labor must be reported separately
for each assigned construction item. In addition to
direct labor, the estimator must also consider overhead
labor and indirect labor. Overhead labor is considered
productive labor that does not contribute directly or
indirectly to the product. It includes all labor that must
be performed regardless of the assigned mission.
Indirect labor includes labor required to support
construction operations but does not, in itself, produce
an end product.

SCHEDULING

Scheduling is the process of determining when an
action must be taken and when material, equipment,
and manpower are required. There are four basic types
of schedules: progress, material, equipment, and
manpower.

Progress schedules coordinate all the projects of a
Seabee deployment or all the activities of a single
project. They show the sequence, the starting time, the
performance time required, and the time required for
completion.

Material schedules show when the material is
needed on the job. They can also show the sequence
in which materials should be delivered.

Equipment schedules coordinate all the
equipment to be used on a project. They also show
when it is to be used and the amount of time each piece
of equipment is required to perform the work.

Manpower schedules coordinate the manpower
requirements of a project and show the number of
personnel required for each activity. In addition, the
number of personnel of each rating (Steelworker,
Builder, Construction Electrician, Equipment
Operator, and Utilitiesman) required for each activity
for each period of time can be shown. The time unit



shown in a schedule should be some convenient
interval, such as a day, a week, or a month.

NETWORK ANALYSIS

In the late 1950s, a new system of project
planning, scheduling, and control came into
widespread use in the construction industry. The
critical path analysis (CPA), critical path method
(CPM), and project evaluation and review technique
(PERT) are three examples of about 50 different
approaches. The basis for each of these approaches is
the analysis of a network of events and activities. The
generic title of the various networks is network
analysis.

The network analysis approach is now the
accepted method of construction planning in many
organizations. Network analysis forms the core of
project planning and control systems and is
accomplished by completing the following steps:

1. Develop construction activities. After careful
review of the plans and specifications (specs), your first
step is to break the job down into discreet activities.
Construction activities are generally less than 15 days
in duration and require the same resources throughout
the entire duration.

2. Estimate construction activity requirements.
Evaluate the resource requirements for each
construction activity. ldentify and list all of the
materials, tools, equipment (including safety-related
items), and manpower requirements on the
Construction Activity Summary (CASS) Sheet.

3. Develop logic network. List the construction
activities logical] y from the first activity to the last,
showing relationships or dependencies between
activities.

4. Schedule construction activities. Determine
an estimated start and finish date for each activity based
on the sequence and durations of construction activities.
Identify the critical path. This will help focus attention
of management on those activities that cannot be
delayed without delaying the project completion date.

5. Track resources. As the crew leader, you must
be sure the necessary resources are available on the
project site on the day the work is to be performed. For
materials on site, this will be as easy as submitting a
material request, NAVSUP Form 1250-1, to the
material liaison office (MLO) several days in advance.
For local purchase requirements, such as a concrete
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request to MLO, a request can be required 2 to 3 weeks
in advance.

6. Control resources. As the crew leader, you are
also responsible for on-site supervision of all work
performed. Productive employment of available
resources to accomplish assigned tasking is your
greatest challenge.

PROGRESS CONTROL

Progress control is the comparing of actual
progress with scheduled progress and the steps
necessary to correct deficiencies or to balance
activities to meet overall objectives.

CONSTRUCTION DRAWINGS

In planning any project, you must be familiar with
construction drawings and specifications. The
construction of any structure or facility is described
by a set of related drawings that gives the Seabees a
complete sequential graphic description of each phase
of the construction process. In most cases, a set of
drawings shows the location of the project,
boundaries, contours, and outstanding physical
features of the construction site and its adjoining
areas. Succeeding drawings give further graphic and
printed instructions for each phase of construction.

TYPES OF CONSTRUCTION
DRAWINGS

Drawings are generally categorized according to
their intended purposes. Some of the types commonly
used in military construction are discussed in this
section.

Master Plan Drawings

MASTER PLAN DRAWINGS are commonly
used in the architectural, topographical, and
construction fields. The y show sufficient features to
be used as guides in long-range area development.
They usually contain section boundary lines,
horizontal and vertical control data, acreage, locations
and descriptions of existing and proposed structures,
existing and proposed surfaced and unsurfaced roads
and sidewalks, streams, right-of-way, existing
utilities, north point indicator (arrow), contour lines,
and profiles. Master plan and general development
drawings on existing and proposed Navy installations
are maintained and constantly upgraded by the



resident officer in charge of construction (ROICC) and
by the Public Works Department (PWD).

Shop Drawings

SHOP DRAWINGS are drawings, schedules,
diagrams, and other related data to illustrate a
material, a product, or a system for some portion of
the work prepared by the construction contractor,
subcontractor, manufacturer, distributor, or supplier.
Product data include brochures, illustrations,
performance charts, and other information by which
the work will be judged. As an SW, you will be
required to draft shop drawings for minor shop and
field projects. You can draw shop items, such as doors,
cabinets, and small portable structures (prefabricated
berthing quarters, and modifications of existing
buildings), or perhaps you will be drawing from
portions of design drawings, specifications, or from
freehand sketches given by the design engineer.

Working Drawings

A WORKING DRAWING (also called project
drawing) is any drawing that furnishes the information
required by a Steelworker to manufacture a part or a
crew to erect a structure. It is prepared from a freehand
sketch or a design drawing. Complete information is
presented in a set of working drawings, complete
enough that the user will require no further
information. Project drawings include all the drawings
necessary for the different Seabee ratings to complete
the project. These are the drawings that show the size,
qguantity, location, and relationship of the building
components.

A complete set of project drawings consists of
general drawings, detail drawings, and assembly
drawings. General drawings consist of “plans” (views
from above) and “elevations” (side or front views)
drawn on a relatively small defined scale, such as 1/8
inch = 1 foot. Most of the general drawings are drawn
in orthographic projections, although sometimes
details can be shown in isometric projections. Detail
drawings show a particular item on a larger scale than
that of the general drawing in which the item appears,
or it can show an item too small to appear at all on a
general drawing. Assembly drawings are either an
exterior or a sectional view of an object showing the
details in the proper relationship to one another.
Usually, assembly drawings are drawn to a smaller
scale than are detail drawings. This procedure
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provides a check on the accuracy of the design and
detail drawings and often discloses errors.

Red-lined Drawings

RED-LINED DRAWINGS are the official
contract drawings that you will mark up during
construction to show as-built conditions. Red-lined
drawings are marked in color “red” to indicate either
a minor design change or a field adjustment.

As-built Drawings

AS-BUILT DRAWINGS are the original contract
drawings (or sepia copies) that you will change to
show the as-built conditions from the red-lined
drawings. Upon the completion of the facilities, the
construction contractor or the Naval Military
Construction Force (NMCB) is required to provide the
ROICC with as-built drawings, indicating
construction deviations from the contract drawings.
All of the as-built marked-up prints must reflect exact
as-built conditions and must show all features of the
project as constructed. After the completion of the
project, as-built marked-up prints are transmitted by
the ROICC to the engineering field division (EFD).

ORDER OF PROJECT DRAWINGS

Project drawings for buildings and structures are
arranged in the following order:

TITLE SHEET AND INDEX—Contain
specific project title and an index of drawings.
(Used only for projects containing 60 or more
drawings.)

1.

SITE or PLOT PLANS-Contain either site or
plot plans or both, as well as civil and utility
plans. For small projects, this sheet should
include an index of the drawings.

LANDSCAPE AND
applicable).

ARCHITECTURAL (including interior design
as applicable).

STRUCTURAL.

IRRIGATION (if

MECHANICAL (heating, ventilation, and air
conditioning).

PLUMBING.
ELECTRICAL.
FIRE PROTECTION.



Title Blocks

The title block identifies each sheet in a set of
drawings. (Seelfig. 1-11.) Generally, the title block is
located at the bottom right comer of the drawing
regardless of the size of the drawing (except for
vertical title block). For further information on the
layout of title blocks, refer to the Engineering Aid 3.

The information provided in the title block is
important information that a Steelworker MUST
understand. The information includes the following:

e Architect’'s name

e Architect's seal

e Drawing title

e Date prepared

® Revisions

e Designed by

® Checked by

¢ Drawing numbers

® Name of local activity

e Code ID number (80091 NAVFAC)
® |etter designation

® Size of drawing

® Scale of drawing

® ABFC drawing number (if applicable)
e Approved by

There are many variations to title blocks.
Depending on the preparing activity (NAVFAC, NCR,
NMCB, etc.), all title blocks should contain the same
information listed above.

Drawing Revisions

A Revision block contains a list of revisions made
to a drawing. The Revision block is located in the
upper right-hand corner. The Revision block can
include a separate “PREPARED BY” column to
indicate the organization, such as an architectural
engineering firm, that prepared the revision. Like title
blocks, revision blocks can vary in format with each
command.

Graphic Scales

Graphic scales are located in the lower right-hand
comer of each drawing sheet, with the words Graphic
Scales directly over them. The correct graphic scales
must be shown prominent y on each drawing because,
as drawings are reduced in size, the reductions are
often NOT to scaled proportions. Remember, scaling

a drawing should be done as a “last resort.”

Drawing Notes

NOTES are brief, clear, and explicit statements
regarding material use and finish and construction
methods. Notes in a construction drawing are
classified as specific and general.

SPECIFIC notes are used either to reflect
dimensional information on the drawing or to be
explanatory. As a means of saving space, many of the
terms used in this type of note are often expressed as
abbreviations.

GENERAL notes refer to all of the notes on the
drawing not accompanied by a leader and an
arrowhead. As used in this book, general notes for a
set of drawings covering one particular type of work
are placed on the first sheet of the set. They should be

/\ | REVISED DWG, AND LIST OF FAC ITEMS 5 &9 ESSh2/8 & ER
CHG.ITEMS 2,3, 6,7,8810- OF BM1 & ELT RWL11-83APS
ADDED NOTES 5 THRU 8 ENB 11-83 EMS
/A\ | CHE. DESCRIPTION OF [TEM 4 IN B RK 8.83 APS
YW DESCRIPTION 8Y__DATE _APPO
|
NTS NAYAL FACILITES ENGINEERING COMMAND
F T T CIVIL ENGINEER SUPPORT OFFICE Lol nAME OF LOCAL
SN 1 1 | ] NAVAL CUNSIHUCIIUN HAT IALION CENI ER PORT HUENEME, CALIFORNA ACTIVITY
1
DIAN CX
e L NAVAL CONTROL OF SHIPPING
[Croowm ] OFFICE
ron NUMBER ASSIGNED
[ Ramrre—————— e [ oo [WRRIWER. 6078209 |l By NAVEAGENGCOM
e+ ST e B16A WESTERN DIVISION
SeAE " = 30 l SHEET [ oF l
SWNPOS11

Figure 1-11.—Title block.

1-21



placed a minimum of 3 inches below the space
provided for the revision block when the conventional
horizontal title block is used. When the vertical title
block is used, you can place the general notes on the
right side of the drawing. General notes for
architectural and structural drawings can include,
when applicable, roof, floor, wind, seismic, and other
loads, allowable soil pressure or pile-bearing capacity,
and allowable unit stresses of all the construction
materials used in the design. Notes for civil,
mechanical, electrical, sanitary, plumbing, and similar
drawings of a set can include, when applicable,
references for vertical and horizontal control
(including soundings) and basic specific design data.

General notes can also refer to all of the notes
grouped according to materials of construction in a
tabular form, called a SCHEDULE. Schedules for
items, like doors, windows, rooms, and footings, are
somewhat more detailed. Their formats will be
presented later in this chapter.

MAJOR CATEGORIES OF PROJECT
DRAWINGS

Generally, working or project drawings can be
divided into the following major categories: civil,
architectural, structural, mechanical, electrical, and fire
protection. In Seabee construction, however, the major
categories most commonly used are as follows: CIVIL,
ARCHITECTURAL, STRUCNTURAL, MECHANICAL,
and ELECTRICAL sets of drawings.

Regardless of the category, working drawings
serve the following functions:

= They provide a basis for making material, labor,
and equipment estimates before construction begins.

= They give instructions for construction, showing
the sizes and locations 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 others.

= Civil working drawings encompass a variety of
plans and information to include the following:

= Site preparation and site development
= Fe ricing

< Rigid and flexible pavements for roads and
walkways

= Environmental pollution control
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= Water supply units (that is, pumps and wells)

Depending on the size of the construction project,
the number of sheets in a set of civil drawings can vary
from a bare minimum to several sheets of related
drawings. Generally, on an average-size project, the
first sheet has a location map, soil boring log, legends,
and it sometimes has site plans and small civil detail
drawings. (Soil boring tests are conducted to
determine the water table of the construction site and
classify the existing soil.) Civil drawings are often
identified with the designating letter C on their title
blocks.

SITE PLANS

A SITE PLAN furnishes the essential data for
laying out the proposed building lines. It is drawn from
notes and sketches based upon a survey. It shows the
contours, boundaries, roads, utilities, trees, structures,
references, and other significant physical features on
or near the construction site. The field crews
(Equipment Operators) are able to estimate and
prepare the site for conduction and to finish the site
(including landscaping) upon completion of
construction by showing both existing and finished
contours. As an SW, you should be familiar with the
methods and the symbols used on maps and
topographic drawings.

Site plans are drawn to scale. In most instances,
the engineer’s scale is used, rather than the architect’s
scale. For buildings on small lots, the scales normally
used are 1 inch = 10 feet.

PROJECT FOLDERS

The intent of this section is to acquaint you with
the basic concepts and principles of project
management and is NOT intended to be a reference
but also to make you familiar with the contents of a
project folder.

The project folder, or package, consists of nine
individual project files. These files represent the
project in paper format-a type of project history from
start to finish.

File No. 1-General Information File

File No. 1 is the General Information File and
contains the following information:

LEFT SIDE—The left side of the General
Information File basically contains information



authorizing the project. The file should have the
following items:

= Project scope sheet.

= Tasking letter [(fig. 1-12).

= Project planning checklist.

= Project package sign-off sheet.

RIGHT SIDE—The right side of the General
Information File contains basic information relating
to coordinating the project. The file should have the
following items:

= Project organization.

< Deployment calendar.
= Preconstruction conference notes.
e Predeployment visit summary.

File No. 2—Correspondence File

File No. 2 is the Correspondence File and consists
of the following items:

LEFT SIDE—The left side contains outgoing
messages and correspondence.

RIGHT SIDE-The right side of the file contains
incoming messages and correspondence.

3. Project scope:

ITEM

Familiarization with project
Establish Detail Activities
Complete Front of cas Sheets
Prepare MTO

Finalize Mini Computer Input
Prepare Level Il

Safety Plan

Quality Control Plan

Final Package Review

5. Sub-contractor (s) for the subject project is/are

Date:
MEMORANDUM
From: Operations Officer
To:
Subj:  PROJECT
1 Company is tasked as the prime contractor for the subject project. Project planning

and estimating should be accomplished by the crew leader and/or project crew, in accordance with current
battalion procedures. Plans, specs, and master activity description (if applicable) are available from S3QC.

2. The CBPAC manday estimate for NMCB-74's tasking is

4. The folowing dates are established as milestones to be met for your project planning:

DUE DATES

copy to:

6. Regress will be monitored by S3 at short informal meetings. Contact S3 or S3A, if you have any questions.

Figure 1-12—Project tasking letter.
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File No. 3—Activity File

File No. 3, the Activity File, contains the
following information:

LEFT SIDE—The left side contains the
Construction Activity Summary Sheets of completed
activities.

RIGHT SIDE-The right side of the file contains
the following form sheets:

= Master Activity Sheets.

« Level Il. A general schedule for each project
prepared for the operations officer by the company. It
contains a general schedule for each project and
contains all of the major work elements and a schedule
for each prime contractor or project manager based

upon major work [fig. 1-13).
= Level Il Precedence Diagram.
= Master Activity Summary Sheets|[(fig. 1-14).
= Construction Activity Summary Sheets

[1-15).

File No. 4—Network File

File No. 4 is the Network File. It contains the
following information:

LEFT SIDE—The left side contains the following
documents:

= Computer printouts.

= Level Il is a detailed schedule fore each project,
developed by the company selected as prime contractor
and assisted by the companies selected as subcontractor.
The Level 111 not only serves as stool in which the prime
contractor and subcontractor manage their projects but
it also provides important data, enabling the operations
officer to redistribute or reschedule assignments and to
arrange for extra personnel, equipment, or special
training required for the task. Level 11l shows such
details as crew sizes, material delivery dates, and
periods where special tools/equipment will be required
on the project.

= Level 111 Precedence Diagram.

RIGHT SIDE—The right side of the Network File
contains the following items:

< Resource leveled plan for manpower and
equipment.

= Equipment requirement summary.

File No. 5—Material File
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File No. 5 is the Material File. It contains the
following information:

LEFT SIDE—The left side contains the work
sheets that you, as a project planner, must assemble.
THe list includes the following items:

List of long lead items [fig. 1-16).

45-day material list.

Material transfer list.
Add-on/reorder justification forms.

Bill of Material/Material Takeoff Comparison

Work Sheet [(fig. 1-17).

Material Takeoff Work Sheet [(fig. 1-18).
RIGHT SIDE—The right side of the Material File

contains the Bill of Material (including all

add-on/reorder BMs) supplied by the Naval
Construction Regiment.

File No. 6—Quality Control File

File No. 6, the Quality Control File, contains the
following information:

LEFT SIDE-The left side of this file contains
various quality control forms and the field adjustment
request.

RIGHT SIDE—The right side of the Quality
Control File contains the daily quality control
inspection report and the quality control plan.

File No. 7—Safety/Environmental File

File No. 7 is the Safety/Environmental File and
consists of the following information:

LEFT SIDE—The left side of the Safety/
Environmental File contains the following items:

= Required safety equipment.
=Standup safety lectures.

= Safety reports.

= Accident reports.

RIGHT SIDE—The right side of the Safety/
Environmental File contains the following:

= Safety plan, which you must develop.

= Highlighted EM 385.

= Environmental plan (if applicable).
File No. 8—Plans File

File No. 8 is the Plans File and contains the
following information:



MASTER ACTIVITY SUMMARY SHEET
PROJECT TITLE:
BM. CODE PREPARED BY: CHECKED BY:
START SCHEDULED: FINISHED SCHEDULED:
ACTUAL : ACTUAL:
ACT. NO. ACT. CODE
ACT. TITLE:
INCLUDES CONSTRUCTION ACTIVITIES:
ACT. ACT CREW
NO. CODE ACTIMITY TITLE SIZE DURATION MANDAYS
DURATION: ESTIMATED MANDAYS: ESTIMATED WORKWEEK:
ACTUAL ACTUAL
LABOR RESQURCES:
- NECODIDTINA) ~rs e~ P, 2 g o ——
NO. oS I QTy. NO. DESCRIPTION QTyY.
NO. DESCRIPTION QTY. NO. DESCRIPTION QTY.
ASSUMPTIONS:
SEE REVERSE SIDE FOR LEVEL Il PRECEDENCE DIAGRAM OF MASTER ACTIVITY SUBNET.
SWNP0O13

Figure 1-14.—Master Activity Summary Sheet.

LEFT SIDE—The left side contains the following

planning documents:
* Site layout.
* Shop drawings.
* Detailed slab layout drawings (if applicable).

* Rebar bending schedule.

RIGHT SIDE—The right side of the Plans File
contains the actual project plans. Depending on
thickness, plans should be either rolled or folded.

File No. 9—Specifications File

File No. 9 is the Specifications File; it contains the
following information:
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CONSTRUCTION ACTIVITY SUMMARY SHEET
PROJECT TITLE:
BM. CODE PREPARED BY: CHECKED BY:
START SCHEDULED: FINISHED SCHEDULED:
ACTUAL : ACTUAL:
ACT. NO. ACT.CODE
ACT. TITLE:
DESCRIPTION OF WORK METHOD:
MNIDATION: ESTIMATED MANDAYS: ESTIMATED WIS AL L.
WORA RN, SO daven i Ly TEEERRARES VORRKVELCKR:
ACTUAL ACTUAL

PRODUCTION EFFICIENCY FACTOR: RESULTING DELAY FACTOR:
LABOR RESOURCES:

NO. DESCRIPTION QTyY. NO. DESCRIPTION Qry.
EQUIPMENT RESOURCES:

NO. DESCRIPTION QTyY. NO. DESCRIPTION QrTy.
MATERIAL RESOURCES:

NO. DESCRIPTION QTy. NO. DESCRIPTION Qry.
ASSUMPTIONS:

SWNP0014

Figure 1-15.—Construction Activity Summary Sheet

LEFT SIDE—The left side of this File is reserved
for technical data.
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RIGHT SIDE—The right side of the Specifications
File has highlighted project specifications.



LONG LEAD TIME ITEMS

PROJECT NUMBER: TITLE: DATE:
BMNUMBER U1 DESCRIPTION INTENDED USE QUANTITY ROS EOS
ROS - DATE REQUIRED ON SITE EOS - DATE ESTIMATED ON SITE
SWNPOO1S

Figure 1-16.—Long Lead Time Item Work Sheet.
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BM/MTO COMPARISON WORK SHEET

ACTVITY NO. MATL DESCRIPTION un BM& LINO. BMQTY MTOQTY DIFF REMARKS

SWNPO016

Figure 1-17.—Bill of Material/Material Takeoff Comparison Work Sheet.
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MTO WORK SHEET

PROJECT NUMBER: MTO SHEET NO. OF
PROJECT TITLE:
DRAWING NUMBER:
ACTIVITY DESCRIPTION/
NO. SPECIFICATION INTENDED USE un | QuANTITY
SWNPOO17T

Figure 1-18.—Material Takeoff Work Sheet.
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CHAPTER 2

LAYOUT AND FABRICATION OF SHEET-METAL AND
FIBER-GLASS DUCT

As a Steelworker you are required to operate
sheet-metal tools and to apply basic sheet-metal layout
techniques. In many Naval Construction Force (NCF)
projects, sheet metal is used to protect the exterior of
buildings by using flashing, gutters, and at times,
complete sheet-metal roofing systems. Other items
made from sheet metal are dust collection systems,
machinery guards, lockers, and shelving.

Although many of the parts and fittings used in
sheet-metal work are stock items, which are simply
installed or assembled, Steelworkers are required to
fabricate parts and fittings frequently in the shop or to
modify them to fit irregularities in the project design.
Therefore, you must have knowledge not only in
laying out patterns but also have the skills required to
cut, bend, shape, assemble, and install the finished
sheet-metal products. This chapter describes some of
the methods of measuring, marking, cutting, forming,
and joining as well as installing sheet-metal sections,
duct systems, and fiber-glass ducts. In addition, the
use of various hand tools and power tools required in
sheet-metal layout and fabrication is provided.

SHEET-METAL LAYOUT AND CUTTING
TOOLS AND EQUIPMENT

Numerous types of layout tools, cutting tools, and
forming equipment are used when working with sheet
metal. This section will describe the uses of the layout
and cutting tools and the operation of the forming
equipment.

LAYOUT TOOLS

The LAYOUT of metal is the procedure of
measuring and marking material for cutting, drilling,
or welding. Accuracy is essential in layout work.
Using erroneous measurements results in a part being
fabricated that does not fit the overall job. This is a
waste of both time and material. In most cases, you
should use shop drawings, sketches, and blueprints to
obtain the measurements required to fabricate the job
being laid out. Your ability to read and work from
blueprints and sketches is paramount in layout work.
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If you require information on blueprints, you will find
and 8 of Blueprint Reading and
Sketching, NAVEDTRA 10077-F1, an excellent
reference.

Layout tools are used for laying out fabrication
jobs on metal. Some of the more common layout tools
that you will use in performing layout duties are as
follows: scriber, flat steel square, combination square,
protractor, prick punch, dividers, trammel points, and
circumference rule.

Scriber

Lines are scribed on sheet metal with a SCRATCH
AWL, coupled with a STEEL SCALE or a
STRAIGHTEDGE. To obtain the best results in
scribing, hold the scale or straightedge firmly in place,
and set the point of the scriber as close to the edge of
the scale as possible by tilting the scriber outward.
Then exert pressure on the point and draw the line,
tilting the tool slightly in the direction of movement
(fig. 2-1). For short lines, use the steel scale as a guide.
For longer lines, use a circumference rule or a
straightedge. When you have to draw a line between
two points, prick punch each point. Start from one
prick punch mark and scribe toward the center.

SWNPO018

Figure 2-1—Scribing a line.



Complete the line by scribing from the other prick
punch mark in the opposite direction.

Flat Steel Square

The FLAT STEEL SQUARE is a desirable tool for
constructing perpendicular or parallel lines. In the
method of layout, known as parallel line development,
the flat steel square is used to construct lines that are
parallel to each other as well as perpendicular to the
base line. This procedure is shown in_figure 2-2]
Simply clamp the straightedge firmly to the base line.
Slide the body of the square along the straightedge,
and then draw perpendicular lines through the desired
points.

Before using the flat steel square or at least at
periodic intervals, depending on usage, see that you
check it for accuracy, as shown in[figure 2-3] When
the square is off, your work will be off
correspondingly no matter how careful you are.

Combination Square

The COMBINATION SQUARE can be used to
draw a similar set of lines, as shown ir[ figure 2-4. An
edge of the metal upon which you are working is used
as the base line, as shown in the figure. One edge of
the head of the combination square is 90 degrees and
the other edge is 45 degrees. Combination squares are

SWNPOD19

Figure 2-2.—Using a swuare to cinstruct perpendicular and
parallel lines.
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Figure 2-3.—Checking a square for accuracy.
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Figure 2-4.—Using the combination square

delicate instruments and are of little value if you
handle them roughly. Store your squares properly
when you have finished using them. Keep them clean
and in tiptop shape, and you will be able to construct
90-degree angles, 45-degree angles, and parallel lines
without error.

Protractor

To construct angles other than 45 degrees or 90
degrees, you will need a PROTRACTOR. Mark the
vertex of the angle of your base line with a prick
punch. Set the vertex of your protractor on the mark
and then scribe a V at the desired angle (assume 700).
Scribe the line between the vertex and the point
located by the V, and you have constructed an angle
of 70 degrees.

Prick Punch

When you locate a point and mark it with the PRICK
PUNCH, be sure to use alight tap with a small ball peen
hammer, ensuring it is on the precise spot intended to
mark. The smaller the mark you make (so long as it is
visible), the more accurate that mark becomes.

Dividers

You should use DIVIDERS to scribe arcs and
circles, to transfer measurements from a scale to your
layout, and to transfer measurements from one part of
the layout to another. Careful setting of the dividers is
of utmost importance. When you transfer a



measurement from a scale to the work, set one point
of the dividers on the mark and carefully adjust the
other leg to the required length, as shown i figure 2-5|

To scribe a circle, or an arc, grasp the dividers
between the fingers and the thumb, as shown in[figure]
Place the point of one leg on the center, and swing
the arc. Exert enough pressure to hold the point on
center, slightly inclining the dividers in the direction
in which they are being rotated.

TrammelPoints

To scribe a circle with a radius larger than your
dividers, you should select TRAMMEL POINTS. The
method of adjusting the points, as shown ir figure 2-7]
is to set the left-hand point on one mark, slide the
right-hand point to the required distance, and tighten
the thumbscrew. The arc, or circle, is then scribed in
the same manner as with the dividers.

Constructing a 90-degree, or right, angle is not
difficult if you have a true, steel square. Suppose that
you have no square or that your square is off and you

SWNPOQ23

Figure 2-6.—Scribing an acr/circle with dividers
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need a right angle for a layout. Breakout your dividers,
a scriber, and a straightedge. Draw a base line like the
one labeled AB in[figure 2-8| Set the dividers for a
distance greater than one-half AB; then, with A as a
center, scribe arcs like those labeled C and D. Next,
without changing the setting of the dividers, use B as
a center, and scribe another set of arcs at C and D.
Draw a line through the points where the arcs intersect
and you have erected perpendiculars to line AB,
forming four 90-degree, or right, angles. You have also
bisected or divided line AB into two equal parts.

Constructing a right angle at a given point with a

pair of dividers is a procedure you will find useful
when making layouts.[Figure 2-9 shows the method
for constructing a right angle at a given point.

SWNPO024

Figure 2-7.—Setting trammel points.
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Figure 2-8.—Constructing a 90-degree angle by bisecting a
line.

Figure 2-9.—Constructing a 90-degree angle at a given point



Imagine that you have line XY with A as a point
at which you need to fabricate a perpendicular to form
a right angle. Select any convenient point that lies
somewhere within the proposed 90-degree angle. In
[figure 2-9]that point is C. Using C as the center of a
circle with a radius equal to CA, scribe a semicircular
arc, as shown in[figure 2-9] Lay a straightedge along
points B and C and draw a line that will intersect the
other end of the arc at D. Next, draw a line connecting
the points D and A and you have fabricated a
90-degree angle. This procedure may be used to form
90-degree comers in stretch-outs that are square or
rectangular, like a drip pan or a box.

Laying out a drip pan with a pair of dividers is no
more difficult than fabricating a perpendicular. You
will need dividers, a scriber, a straightedge, and a sheet
of template paper. You have the dimensions of the pan
to be fabricated: the length, the width, and the height
or depth. Draw a base line [fig. 2-10). Select a point
on this line for one comer of the drip pan layout. Erect
a perpendicular through this point, forming a
90-degree angle. Next, measure off on the base line
the required length of the pan. At this point, erect
another perpendicular. You now have three sides of the
stretch-out. Using the required width of the pan for the
other dimensions, draw the fourth side parallel to the
base line, connecting the two perpendiculars that you
have fabricated.

Now, set the dividers for marking off the depth of
the drip pan. You can use a steel scale to measure off
the correct radius on the dividers. Using each comer
for a point, swing a wide arc, like the one shown in the
second step in[figure 2-10] Extend the end and side
lines as shown in the last step in[figure 2-10] and
complete the stretch-out by connecting the arcs with a
scriber and straightedge.

Bisecting an arc is another geometric construction
that you should be familiar with. Angle ABC
[2-11) is given. With B as a center, draw an arc cutting
the sides of the angle at D and E. With D and E as
centers and a radius greater than half of arc DE, draw
arcs intersecting at F. A line drawn from B through
point F bisects angle ABC.

Two methods used to divide a line into a given
number of equal parts are shown in[figure 2-12] When
the method shown in view A is to be used, you will
need a straightedge and dividers. In using this method,
draw line AB to the desired length. With the dividers
set at any given radius, use point A as center and scribe
an arc above the line. Using the same radius and B as
center, scribe an arc below the line as shown. From
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Figure 2-10.—Laying out a drip pan with dividers.

Figure 2-11.—Bisecting an arc.
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Figure2-12.—Two methods used to divide a line into equal
parts.

point A, draw a straight line tangent to the arc that is
below point B. Do the same from point B. With the
dividers set at any given distance, start at point A and
step off the required number of spaces along line AD
using tick marks-in this case, six. Number the tick
marks as shown. Do the same from point B along line
BC. With the straightedge, draw lines from point 6 to
point A,5t01,4t02,3t03,2to4,1to5,and B to
6. You have now divided line AB into six equal parts.

When the method shown in view B of{figure 2-12|
is used to divide a line into a given number of equal
parts, you will need a scale. In using this method, draw
a line at right angles to one end of the base line. Place
the scale at such an angle that the number of spaces
required will divide evenly into the space covered by
the scale. In the illustration (view B[fig. 2-12) the base
line is 2 1/2 inches and is to be divided into six spaces.
Place the scale so that the 3 inches will cover
2 1/2 inches on the base line. Since 3 inches divided
by 6 spaces = 1/2 inch, draw lines from the 1/2-inch
spaces on the scale perpendicular to the base line.
Incidentally, you may even use a full 6 inches in the
scale by increasing its angle of slope from the baseline
and dropping perpendiculars from the full-inch
graduation to the base line.

To divide or step off the circumference of a circle
into six equal parts, just set the dividers for the radius
of the circle and select a point of the circumference for
a beginning point. In[figure 2-13] point A is selected
for a beginning point. With A as a center, swing an arc
through the circumference of the circle, like the one
shown at B in the illustration. Use B, then, as a point,
and swing an arc through the circumference at C.
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Continue to step off in this manner until you have
divided the circle into six equal parts. If the points of
intersection between the arcs and the circumference
are connected as shown ir(figure 2-13, the lines will

intersect at the center of the circle, forming angles of
60 degrees.

If you need an angle of 30 degrees, all you have
to do is to bisect one of these 60-degree angles by the
method described earlier in this chapter. Bisect the
30-degree angle and you have a 15-degree angle. You
can construct a 45-degree angle in the same manner
by bisecting a 90-degree angle. In all probability, you
will have a protractor to lay out these and other angles.
But just in case you do not have a steel square or
protractor, it is a good idea to know how to construct
angles of various sizes and to erect perpendiculars.

Many times when laying out or working with
circles or arcs, it is necessary to determine the
circumference of a circle or arc. For the applicable
mathematical formula, refer t¢_appendix ] of this text.

Circumference Rule

Another method of determining circumference is
by use of the circumference rule. The upper edge of
the circumference rule is graduated in inches in the
same manner as a regular layout scale, but the lower
edge is graduated, as shown ir_figure 2-14] The lower
edge gives you the approximate circumference of any
circle within the range of the rule. You will notice in
[figure 2-14]that the reading on the lower edge directly
below the 3-inch mark is a little over 9 3/8 inches. This

F E
SWNPOOI0

Figure 2-13.—Dividing a circle into six equal parts
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Figure 2-14.—Circumference rule.



reading would be the circumference of a circle with a
diameter of 3 inches and would be the length of a
stretch-out for a cylinder of that diameter. The
dimensions for the stretch-out of a cylindrical object,
then, are the height of the cylinder and the
circumference.

CUTTING TOOLS

Various types of HAND SNIPS/HAND SHEARS
are used for cutting and notching sheet metal. Hand
snips are necessary because the shape, construction,
location, and position of the work to be cut frequently
prevents the use of machine-cutting tools.

Hand snips are divided into two groups. Those for
straight cuts are as follows: straight snips,
combination snips, bulldog snips, and compound lever
shears. Those for circular cuts are as follows: circle,
hawk’s bill, aviation, and Trojan snips. These snips are
shown in The following is a brief
description of each type of snip.

STRAIGHT SNIPS view A) have
straight jaws for straight line cutting. To ensure
strength, they are not pointed. These snips are made
in various sizes and the jaws may vary from 2 to 4 1/2
inches. The overall length will also vary from 7 to 15
3/4 inches. The different size snips are made to cut
different thicknesses of metal with 18 gauge steel as a
minimum for the larger snips. These snips are
available for right- or left-hand use.

COMBINATION SNIPS[(fig. 2-15, view B) have
straight jaws for straight cutting but the inner faces of
the jaws are sloped for cutting curves as well as
irregular shapes. These snips are available in the same
sizes and capacities as straight snips.

BULLDOG SNIPS[(fig. 2-15, view C) are of the
combination type, They have short cutting blades with
long handles for leverage. The blades are inlaid with
special alloy steel for cutting stainless steel. Bulldog
snips can cut 16 gauge mild steel. The blades are 2 1/2
inches long and the overall length of the snip varies
from 14 to 17 inches.

COMPOUND LEVER SHEARS[(fig. 2-15, view
D) have levers designed that give additional leverage
to ease the cutting of heavy material. The lower blade
is bent to allow the shears to be inserted in a hole in
the bench or bench plate. This will hold the shear in
an upright position and make the cutting easier. The
cutting blades are removable and can be replaced. The
capacity is 12 gauge mild steel. It has cutting blades
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that are 4 inches long with an overall length of 34 1/2
inches.

CIRCLE SNIPS|(fig. 2-15, view E) have curved
blades and are used for making circular cuts, as the
name implies. They come in the same sizes and
capacities as straight snips and either right- or
left-hand types are available.

HAWK'S BILL SNIPS view F) are
used to cut a small radius inside and outside a circle.
The narrow, curved blades are beveled to allow sharp
turns without buckling the sheet metal. These snips are
useful for cutting holes in pipe, in furnace hoods, and
in close quarters work. These snips are available with
a 2 1/2-inch cutting edge and have an overall length
of either 11 1/2 or 13 inches and have a 20 gauge mild
steel capacity.

AVIATION SNIPS view G) have
compound levers, enabling them to cut with less
effort. These snips have hardened blades that enable
them to cut hard material. They are also useful for
cutting circles, for cutting squares, and for cutting
compound curves and intricate designs in sheet
metal. Aviation snips come in three types: right
hand, left hand, and straight. On right-hand snips,
the blade is on the left and they cut to the left.
Left-hand snips are the opposite. They are usually
color-coded in keeping with industry
standards-green cuts right, red cuts left, yellow
cuts straight. Both snips can be used with the right
hand. The snips are 10 inches long and have a 2-inch
cut and have a 16 gauge mild steel capacity.

TROJAN SNIPS view H) are
slim-bladed snips that are used for straight or curved
cutting. The blades are small enough to allow sharp
turning cuts without buckling the metal. These snips
can be used to cut outside curves and can also be used
in place of circle snips, hawk’s bill snips, or aviation
snips when cutting inside curves. The blades are
forged high grade steel. These snips come in two sizes:
one has a 2 1/2-inch cutting length and a 12-inch
overall length and the other has a 3-inch cutting length
and a 13-inch overall length, They both have a 20
gauge capacity.

Modern snips are designed to cut freely with
a minimum curling of the metal. The snips are
generally held in the right hand at right angles to
the work [fig, 2-16)] Open the blades widely to
obtain maximum leverage. Do not permit the ends
to close completely at the end of a cut or a rough
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STRAIGHT SNIPS

AVIATION SNIPS TROJAN SNIPS
(RIGHT HANDED) "

Figure 2-15.—Hand snips.
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Figure 2-16.—Proper method of cutting with snips.

edge will result. Cut circular sections from the right

side [(fig. 2-17).

When making internal circular cuts, you make a
small opening near the center of the opening, insert the
snips, and cut from the upper side, gradually
increasing the radius of the cut until the opening is

completed [(fig. 2-18).

Large sheet-metal sections are cut on SQUARING
SHEARS that are discussed later in this chapter.

The COMBINATION NOTCHER, COPER, and
SHEARI(fig. 2-19) is ideal for notching corners or the
edge of sheet metal. The blades are adjustable for
conventional notching or for piercing, starting inside
the blank.

PORTABLE POWER SHEARS make it possible
to do production work. They are designed to do
straight or circular cutting[(fig. 2-20).

Small diameter openings can be made with a
SOLID PUNCH |(fig. 2-21) or a HOLLOW PUNCH

Figure 2-17.—Making a circular cut.
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SECTION TO BE REMOVED
PATH OF SNIPS
Z

HOLE MADE WITH HOLLOW PUNCH

Figure 2-18.—Making an internal circular cut.

\szPooae

Figure 2-19.—Combination notcher, coper, and shear.

fig. 2-22)l Locate the position of the hole; select the
correct size punch and hammer; then place the metal

section on a lead cake or on the end grain of a block
of hard wood (fig. 2-23)l Strike the punch firmly with



Figure 2-20.—Portable power shears

¢ M) eee—))
Figure 2-21.—Solid punch.

Figure 2-22.—Hollow punch.

the hammer. Turn the punched section over so the
burred section is up, then smooth it with a mallet.

FOOT-ACTUATED SQUARING SHEARS [(figl
[2-24) make it possible to square and trim large sheets.
Do not attempt to cut metal heavier than the designed
capacity of the shears. The maximum capacity of the
machine is stamped on the manufacturer’s

SWNPQO40

CORRECT

EXTENSION ARMS

SIDE GAUGE
RONT GAUGE HOLD-DOWN
AND GUARD
BEVEL GAUGE @ o
BACK GAUGE
FOOT PEDAL
SWNPOG41

Figure 2-24.—Foot-actuated squaring shears.

specification plate on the front of the shears. Check
the gauge of the metal against this size with a
SHEET-METAL GAUGE [(fig. 2-25). This figure
shows the gauge used to measure the thickness of
metal sheets. The gauge is a disc-shaped piece of
metal, having slots of widths that correspond to the
U.S. gauge numbers from O to 36. Each gauge number
is marked on the front and the corresponding decimal
equivalent marked on the back.

Do NOT cut wire, band iron, or steel rods with the
squaring shears.

INDENTED

INCORRECT

Figure 2-23.—Correct method of backing sheet metal for making a hole with a punch.



U.S STANDARD GAUGE
FOR SHEET AND PLATE
#ROMN AND STEEL

NO. 283

2 ¢

e .
icinEss Y 2 pP f5aeanae s’ R

OF SHEET

U.S. STANDARD GAUGE

Figure 2-25.—Sheet-metal guage.

The length of the cut is determined by the position
of the BACK GAUGE when the metal is inserted from
the front of the shears. The FRONT GAUGE controls
the length of the cut when the metal sheet is inserted
from the rear. The front gauge is seldom used and is
usually removed from the shears. A BEVEL GAUGE
permits angular cuts to be made.

To make a cut, set the back gauge to the required
dimension by using the graduated scale on the top of
the extension arms or on the graduated section on the
bed top. Hold the piece firmly against the SIDE
GAUGE with both hands until the HOLD-DOWN
comes into position, and apply pressure to the FOOT
PEDAL.

NOTE: KEEP HANDS CLEAR OF THE BLADE
AND FEET FROM BENEATH THE FOOT PEDAL.

RING AND CIRCULAR SHEARS[(Tig. 2-26) are
intended for cutting inside and outside circles in sheet
metal. The CLAMPING HEAD is positioned for the
desired diameter and the blank is inserted. Lower the
CUTTING DISC and make the cut.

SHEET-METAL BENDING AND
FORMING EQUIPMENT

Sheet metal is given three-dimensional shape and
rigidity by bending. Sheet metal can be formed by
hand or with various special tools and machines.
several techniques are described in the following
sections.
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Figure 2-26.—Ring and circular shears

Stakes

METAL STAKES allow the sheet-metal
craftsman to make an assortment of bends by hand
Stakes come in a variety of shapes and sizes. The work
is done on the heads or the horns of the stakes. They
are machined, polished, and, in some cases, hardened
Stakes are used for finishing many types of work;
therefore, they should NOT be used to back up work
when using a chisel. The following is an assortment of
the most common stakes that are used within the NCF
and Public Works Departments|(fig. 2-27):

1. SQUARE STAKES[(fig. 2-24, view A) have
square-shaped heads and are used for general work
Three types are used: the coppersmith square stake with
one end rounded, the bevel edge square stake that is
offset, and the common square stake. Some of the edges
are beveled and this allows them to be used for a greater
variety of jobs.

2. The CONDUCTOR STAKEH (fig. 2-27, view B)
has cylindrical horns of different diameters and is used
when forming, seaming, and riveting pieces and parts
of pipes.

3. The HOLLOW MANDREL STAKE[(fig. 2-27]
view C) has a slot in which a bolt slides allowing it to
be clamped firmly to a bench. Either the rounded or the
flat end can be used for forming, seaming, or riveting.
There are two sizes available with an overall length of
either 40 or 60 inches.

4. The BLOW HORN STAKE[(fig. 2-27] view D)
has two horns of different tapers. The apron end is used
for shaping blunt tapers and the slender-tapered end is
used for slightly tapered jobs.

5. The BEAKHORN STAKE[(fig. 2-27] view E)
is a general-purpose stake. The stake has a
round-tapered horn on one end and a square-tapered
horn on the other end. This stake is used for riveting and
shaping round or square work

6. The DOUBLE-SEAMING STAKE WITH
FOUR INTERCHANGEABLE HEADS [(fig. 2-27]
view F) has two shanks and either one can be installed
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Figure 2-27.—Metal stakes
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in a bench plate, allowing the stakes to be used vertically
or horizontally. This stake is used for double seaming
large work of all types and for riveting.

7. The HAND DOLLY ((fig. 2-27] view G) is a
portable anvil with a handle that is used for backing up
rivet heads, double seams, and straightening.

Other Forming Tools

Stakes are designed to fit in a BENCH PLATE
[[fig. 2-28). The bench plate is a cast-iron plate that is
affixed to a bench. It has tapered holes of different
sizes that support the various stakes that can be used
with the plate. Additionally, there is another type of
bench plate that consists of a revolving plate with
different size holes which can be clamped in any
desired position.

The SETTING HAMMER has a
square, flat face and the peen end is single-tapered.
The peen is for setting down an edge. The face is used
to flatten seams. Setting hammers vary in size from 4
ounces to 20 ounces and their use is determined by the
gauge of the metal and the accessibility of the work.

A WOOD MALLET I[(fig. 2-30) provides the
necessary force for forming sheet metal without
marring the surface of the metal.

Narrow sections can be formed with the HAND
SEAMER((fig. 2-31)). Its primary use is for turning a
flange, for bending an edge, or for folding a seam. The
width of the flange can be set with the knurled knobs
on the top of the jaw.

Figure 2-29.—Setting hamer.
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Figure 2-30.—Wood mallet

Figure 2-31.—Hand seamer.

Forming and Bending Machines

Many machines have been designed to perform
precise sheet-metal bending operations. They include
the bar folder, several types of brakes, roll forming
machines, and combination rotary machines. These
machines are described next.

BAR FOLDER.— The BAR FOLDER (fig. 2-32)
is designed to bend sheet metal, generally 22 gauge or
lighter. Bar folders are used for bending edges of
sheets at various angles, for making channel shape
(double-right angle folds), and for fabricating lock
seams and wired edges. Narrow channel shapes can be
formed but reverse bends cannot be bent at close
distances. The width of the folder edge is determined
by the setting of the DEPTH GAUGE((fig. 2-33). The
sharpness of the folded edge, whether it is to be sharp
for a hem or seam or rounded to make a wire edge, is
determined by the position of the WING|(fig. 2-34).
Right-angle (90°) and 45-degree bends can be made
by using the 90-degree and 45-degree ANGLE STOP.

Hemmed edges are made in the following manner

fig. 2-35):
1. Adjust the depth gauge for the required size, and
position the wing for the desired fold sharpness.

2. Set the metal in place, setting it lightly against
the gauge fingers.



4. Place the folded section on the beveled section
of the blade, as close to the wing as possible. Flatten the
fold by pulling the handle forward rapidly.

SWNPOO49
BRAKES.— Large sheet-metal sections are
Figure 2-32.—Bar folder. formed by using bending brakes. These machines
produce more uniform bends than can be made by
hand and require significantly less effort. The two
most commonly used brakes are the cornice brake and
the finger brake.

A CORNICE BRAKE is shown i
D Two adjustments have to be made before using the
machine.

1. Adjust the UPPER JAW or CLAMPING BAR
ADJUSTING vertically for the gauge of sheet metal to be bent. The

KNOB clamping device holds the work solidly in position,
provided it is correctly adjusted. For example, if the
clamping device is set for 18 gauge sheet metal and you

SCALE FOR
MEASURING DEPTH
OF FOLD
INDICATOR BALANCING WEIGHT

CLAMPING BAR HANDLES —___ ¢ ®

SWNPOOS50 UPPER JAW OR CLAMPING BAR ’
V4 e ING |
Figure 2-33.—Fold size depth gauge. \ : g YOKE

3. With the left hand holding the metal, pull the

handle as far forward as it will go. Return the handle to ) )
its original position. Figure 2-36.—Cornice brake.
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Figure 2-35.—Making a hemmed edge.
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bend 24 gauge sheet metal at that setting, the sheet will
slip and the bend will be formed in the wrong position.
When you try to bend 18 gauge sheet metal when the
machine is set for 24 gauge sheet metal, you can break
the clamping bar handle. The pressure to lock the
clamping bar should NEVER be too strong. With a little
practice you will be able to gauge the pressure correctly.

2. Adjust the upper jaw horizontally to the correct
position for the thickness of the metal and for the radius
of the bend to be made.

CAUTION

If the upper jaw is adjusted to the exact
thickness of the metal, the bend will be sharp
or it will have practically no bend radius. If it
is set for more than the thickness of the metal,
the bend will have a larger radius; if the jaw is
set for less than the thickness of the metal, the
jaws of the machine may be sprung out of
alignment and the edges of the jaws may be
damaged.

After these two adjustments have been made, the
machine is operated as follows:

1. Scribe a line on the surface of the sheet metal to
show where the bend will be.

2. Raise the upper jaw with the clamping handle
and insert the sheet in the brake, bringing the scribed
line into position even with the front edge of the upper
jaw.

3. Clamp the sheet in position. Ensure that the
scribed line is even with the front edge of the upper jaw.
The locking motion will occasionally shift the
workpiece.

4. Once you are satisfied that the metal is clamped
correctly, the next step is to lift the bending leaf to the
required angle to form the bend. If you are bending soft
and/or ductile metal, such as copper, the bend will be
formed to the exact angle you raised the bending leaf.
If you are bending metal that has any spring to it, you
will have to raise the bending leaf a few degrees more
to compensate for the spring in the metal. The exact
amount of spring that you will have to allow for depends
on the type of metal you are working with.

5. Release the clamping handle and remove the
sheet from the brake.

The brake is equipped with a stop gauge,
consisting of a rod, a yoke, and a setscrew. You use
this to stop the bending leaf at a required angle. This
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feature is useful when you have to fabricate a large
number of pieces with the same angle. After you have
made your first bend to the required angle, set the stop
gauge so that the bending leaf will not go beyond the
required angle. You can now fabricate as many bends
as you need.

The cornice brake is extremely useful for making
single hems, double hems, lock seams, and various
other shapes.

It is impossible to bend all four sides of a box on a
conventional brake. The FINGER BRAKE, sometimes
referred to as a BOX AND PAN BRAKE [(fig. 2-37), has
been designed to handle this exact situation . The upper
jaw is made up of a number of blocks, referred to as
“fingers.” They are various widths and can easily be
positioned or removed to allow all four sides of a box to
be bent. Other than this feature, it is operated in the same
manner as a cornice brake.

ROLL FORMING MACHINE.— When
cylinders and conical shapes are being formed, no
sharp bends are obviously required; instead, a gradual
curve has to be formed in the metal until the ends meet.
Roll forming machines have been invented to
accomplish this task. The simplest method of forming
these shapes is on the SLIP ROLL FORMING
MACHINE [(fig. 2-38). Three rolls do the forming
(fig. 2-39). The two front rolls are the feed rolls and
can be adjusted to accommodate various thicknesses
of metal. The rear roll, also adjustable, gives the
section the desired curve. The top roll pivots up to
permit the cylinder to be removed without danger of
distortion. Grooves are machined in the two bottom

Figure 2-37.—Finger brake.



Figure 2-38.—Slip roll forming machine,.
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Figure 2-39.—Forming cylinders on rolling forms.

rolls for the purpose of accommodating a wired edge
when forming a section with this type edge or for
rolling wire into a ring.

COMBINATION ROTARY MACHINE.—
Preparing sheet metal for a wired edge, turning a burr,
beading, and crimping are probably the most difficult
of sheet-metal forming operations to perform. When
production dictates, large shops will have a machine
for each operation. However, a COMBINATION
ROTARY MACHINE [(fig. 2-40) with a selection of
rolls will prove acceptable for most shop uses.

Wiring an Edge.—The wire edge must be applied
to tapered shapes after they are formed. This is
accomplished by turning the edge on the rotary
machine. Gradually, lower the upper roll until the
groove is large enough for the wire. The edge is
pressed around the wire with the rotary machine (fig.
241).

The wire edge can be finished by hand if a rotary
machine is not available. The edge is formed on the
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Figure 2-40.—Combination rotary machine with extra

forming rolls.
_l_Jl:_PER ROLL
SHEET METAL GAUGE
U
LOWER ROLL

=il

SWNPOO58

Figure 2-41.—Turning a wire edge with a rotary machine.



bar folder and forced into place around the wire with
a setting hammer or pliers[(fig. 2-42).

Turning a Burr.— A BURR, in sheet-metal
language, is a narrow flange turned on the circular
section at the end of a cylinder [(fig. 2-43). Before you
cut the section, remember that additional material
must be added to the basic dimensions of the object
for the burr. [Eigure 2-441shows how to calculate the

additional material.

After the rotary machine has been adjusted to turn
the proper size burr, the work is placed in position and
the upper roll lowered. Make one complete revolution
of the piece, scoring the edge lightly. Lower the upper
roll a bit more, creating more pressure, and make
another turn. Continue this operation, raising the disc
slightly after each turn until the burr is turned to the

required angle|(fig. 2-45).

This procedure is also used to turn the burr on the
bottom of the cylinder for a double seam |(fig. 2-46).
The two pieces are snapped together, the burr set

down, and the seam completed|(fig. 2-47).

NOTE: Because turning a burr is a difficult
operation, you should turn several practice pieces to

PR T_CTJAWS_/ ~ '
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Figure 2-42.—Setting a wire edge with a setting hammer or
pliers.
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Figure 2-43.—Burrs turned on a cylindrical section.

Figure 2-44.—Calculating the material needed for a double
seam.
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Figure 2-45.—Turning a burred edge.

D

Figure 2-46.—Fitting burred sections together.

develop your skill before turning the burr on the actual
piece to be used.
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Figure 2-47.—Making a double seam on a cylindrical section.

Beading. — BEADING (fig. 2-48) is used to give
added stiffness to cylindrical sheet-metal objects for
decorative purposes, or both. It can be a simple bead
or an ogee (S-shaped) bead. They are made on the
rotary machine using beading rolls.

Crimping.— CRIMPING [(fig. 2-49)| reduces the
diameter of a cylindrical shape, allowing it to be
slipped into the next section. This eliminates the need
for making each cylinder with a slight taper.

el

SINGLE BEAD
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A
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OGEE BEAD

Figure 2-48.—Turning a bead with a rotary machine.
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Figure 2-49.—A crimped section.
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SHEET-METAL DEVELOPMENT

In sheet-metal development work, some
fabrication or repair jobs can be laid out directly on
sheet metal. This development procedure, known as
SCRATCHING, is used when the object to be made
requires little or no duplication.

When a single part is to be produced in quantity,
a different development procedure is used. Instead of
laying out directly on the metal, you will develop a
PATTERN, or TEMPLATE, of the piece to be
fabricated and then transfer the development to the
metal sheet. The second development procedure is
what we are primarily concerned with in this section.

Special attention is given to the three primary
procedures commonly used in developing sheet-metal
patterns. They are parallel line, radial line, and
triangular development. We will also discuss the
fabrication of edges, joints, seams, and notches.

PARALLEL LINE DEVELOPMENT

Parallel line development is based upon the fact
that a line that is parallel to another line is an equal
distance horn that line at all points. Objects that have
opposite lines parallel to each other or that have the
same cross-sectional shape throughout their length are
developed by this method

To gain a clear understanding of the parallel line
method, we will develop, step by step, a layout of a
truncated cylinder [(fig. 2-50). Such apiece can be used

SWNPOOGT
Figure 2-50.—Truncated cylinder.



as one half of a two-piece Odegree elbow. This piece
of sheet metal is developed in the following
procedure:

1. First, draw a front and bottom view by
orthographic projection[(fig. 2-51, view A).

2. Divide half the circumference of the circle
view A) into a number of equal parts. The
parts should be small enough so that when straight lines
are drawn on the development or layout between
division points, they will approximate the length of the
arc. Project lines from these points to the front view, as

shown inlfigure 2-51] view B. These resulting parallel
lines of the front view are called ELEMENTS.

3. Lay off the base line, called the
STRETCH-OUT LINE, of the development to the right
of the front view, as shown in[figure 2-51] view C.

ew |
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Figure 2-51.—Development of a truncated cylinder.
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4. Divide the stretch-outline into twice the number
of equal parts equal to each division of the
circumference on the half circle of the orthographic

view (fig. 2-51] view C).

5. Erect perpendicular lines at each point, as

shown in[figure 2-51] view C.

6. Using a T-square edge, project the lengths of the
elements on the front view to the development

[fig.2-51] View D).

7. Using a curve (french or other type), join the
resulting points of intersection in a smooth curve.

When the development is finished, add necessary
allowances for warns and joints, then cut out your
patterns.

RADIAL LINE DEVELOPMENT

The radial line method of pattern development is
used to develop patterns of objects that have a tapering
form with lines converging at a common center.

The radial line method is similar in some respects
to the parallel line method. Evenly spaced reference
lines are necessary in both of these methods. But, in
parallel line development, the reference lines are
parallel—like a picket fence. In radial line
development, the reference lines radiate from the
APEX of a cone—like the spokes of a wheel.

The reference lines in parallel line development
project horizontally. In radial line development, the
reference lines are transferred from the front view to
the development with the dividers.

Developing a pattern for the frustum of a right
cone is a typical practice project that will help you get
the feel of the radial line method. You are familiar with
the shape of a cone. A right cone is one that, if set
big-side-down on a flat surface, would stand straight
up. In other words, a centerline drawn from the point,
or vertex, to the base line would form right angles with
that line. The frustum of a cone is that part that remains
after the point, or top, has been removed.

The procedure for developing a frustum of a right
cone is given below. Check each step of the procedure
against the development shown in_figure 2-52

1. Draw a cone ABC with line ED cutting the cone
in such a way that line ED is parallel to the base line
BC. EDCB is called a frustum.

2. With center O and radius OB, draw the
half-plan beneath the base line BC. Divide the



half-plan into an equal number of parts and number
them as shown.

3. With vertex A as a center and with dividers, set
a distance equal to AC and draw an arc for the
stretch-out of the bottom of the cone.

4. Set the dividers equal to the distance of the
step-offs on the half-plan and step off twice as many
spaces on the arcs as on the half-plan; number the
step-offs 1 to 7 to 1, as shown in the illustration
2-52).

5. Draw lines connecting A with point 1 at each
end of the stretch-out. This arc, from 1 to 7 to 1, is equal
in length to the circumference of the bottom of the cone.

6. Now, using A for a center, set your dividers
along line AC to the length of AD. Scribe an arc through
both of the lines drawn from A to 1.

The area enclosed between the large and small arcs
and the number 1 line is the pattern for the frustum of
a cone. Add allowance for seaming and edging and
your stretch-out is complete.

TRIANGULAR DEVELOPMENT

Triangulation is slower and more difficult than
parallel line or radial line development, but it is more
practical for many types of figures. Additionally, it is
the only method by which the developments of warped
surfaces may be estimated. In development by
triangulation, the piece is divided into a series of

Figure 2-52.—Radial line development of a frustum of a cone.

triangles as in radial Line development. However, there
is no one single apex for the triangles. The problem
becomes one of finding the true lengths of the varying
oblique lines. This is usually done by drawing a true,
length diagram.

An example of layout using triangulation is the
development of a transition piece.

The steps in the triangulation of a warped
transition piece joining a large, square duct and a
small, round duct are shown in[figure 2-53] The steps

are as follows:

1. Draw the top and front orthographic views

(view A [fig. 2-53).

2. Divide the circle in the top view into a number
of equal spaces and connect the division points with AD
(taken from the top part of view D[fig. 2-53) from point
A. This completes one fourth of the development. Since
the piece is symmetrical, the remainder of the
development may be constructed using the lengths from
the first part.

It is difficult to keep the entire development
perfectly symmetrical when it is built up from small
triangles. Therefore, you may check the overall
symmetry by constructing perpendicular bisectors
of AB, BC, CD, and DA (view E[ fig. 2-53) and
converging at point O. From point O, swing arcs a
and b. Arc a should pass through the numbered
points, and arc b should pass through the lettered
points.

FABRICATION OF EDGES, JOINTS,
SEAMS, AND NOTCHES

There are numerous types of edges, joints, seams,
and notches used to join sheet-metal work. We will
discuss those that are most often used.

Edges

Edges are formed to enhance the appearance of the
work, to strengthen the piece, and to eliminate the
cutting hazard of the raw edge. The kind of edge that
you use on any job will be determined by the purpose,
by the sire, and by the strength of the edge needed.

The SINGLE-HEM EDGE is shown in[figure]
This edge can be made in any width. In general,
the heavier the metal, the wider the hem is made. The
allowance for the hem is equal to its width (W in[fig]
2-54).
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Figure 2-53.—Traingular development of a transition piece.

The DOUBLE-HEM EDGE [(fig. 2-55) is used

when added strength is needed and when a smooth
edge is required inside as well as outside. The
allowance for the double-hem edge is twice the width

of the hem.

—~/wh
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Figure 2-54,—Single-hem edge.
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Figure 2-55.—Double-hem edge

A WIRE EDGE]| (fig. 2-56) is often specified in the

plans, Objects, such as ice-cube trays, funnels,
garbage pails, and other articles, formed from sheet
metal are fabricated with wire edges to strengthen and
stiffen the jobs and to eliminate sharp edges, The
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Figure 2-56.—Development of a truncated cylinder.
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Figure 2-57.—Making a grooved seam joint.
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Figure 2-58.—Hand groover.
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Figure 2-59.—Locking a grooved seam with a hand groover.
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allowance for a wire edge is 2 1/2 times the diameter
of the wire used As an example, you are using wire
that has a diameter of 1/8 inch. Multiply 1/8 by 2 1/2
and your answer will be 5/16 inch, which you will
allow when laying out sheet metal for making the wire
edge.

Joints

The GROOVED SEAM JOIN is one
of the most widely used methods for joining light- and
medium-gauge sheet metal. It consists of two folded
edges that are locked together with a HAND

GROOVER [{fig.2-58).

When making a grooved seam on a cylinder, you
fit the piece over a stake and lock it with the hand
groover The hand groover should be
approximately 1/16 inch wider than the seam. Lock
the seam by making prick punch indentions about
1/2 inch in from each end of the seam.

The CAP STRIP SEAM view A) is
often used to assemble air-conditioning and heating
ducts. A variation of the joint, the LOCKED CORNER
SEAM view B), is widely accepted for the
assembly of rectangular shapes.

Figure 2-60.—(A) Cap strip seam, (B) Locked corner seam
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A DRIVE SLIP JOINT is a method of joining two
flat sections of metal [Figure 2-61 is the pattern for the
drive slip. End notching and dimensions vary with
application and area practice on all locks, seams, and
edges.

“S” joints are used to join two flat surfaces of
metal. Primarily these are used to join sections of
rectangular duct. These are also used to join panels in
air housings and columns.

shows a flat “S” joint. View A is a
pattern for the “S” cleat. View B is a perspective view
of the two pieces of metal that form the flat “S” joint.
In view C, note the end view of the finished “S” joint.

[Figure 2-63]|shows a double “S” joint. View B is
the pattern for the double “S” cleat. View A is one of
two pieces of metal to be joined. Note the cross section
of a partially formed cleat and also the cross section
of the finished double “S” joint. his is a variation of
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Figure 2-61.—Drive slip pattern and connections
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Figure 2-63.—Double “S’ joint (cleat) pattern.

the simple flat “S” and it does not require an overlap
of metals being joined.

shows a standing “S” joint. View B is
the pattern for the standing “S” cleat. View A is one of
the two pieces of metal to be joined. Note the cross
section of the finished standing “S” cleat and standing
“S” joint.

Seams

Many kinds of seams are used to join sheet-metal
sections. Several of the commonly used seams are
shown in[figure 2-65.]When developing the pattern,
ensure you add adequate material to the basic
dimensions to make the seams. The folds can be made
by hand; however, they are made much more easily on
a bar folder or brake. The joints can be finished by
soldering and/or riveting.

When developing sheet-metal patterns, ensure
you add sufficient material to the base dimensions to
make the seams. Several types of seams used to join
sheet-metal sections are discussed in this section.

There are three types of lap seams: the PLAIN
LAP seam, the OFFSET LAP seam, and the CORNER
LAP seam Lap seams can be joined by
drilling and riveting, by soldering, or by both riveting
and soldering. To figure the allowance for a lap seam,
you must first know the diameter of the rivet that you
plan to use. The center of the rivet must be set in from
the edge a distance of 2 1/2 times its diameter;
therefore, the allowance must be five times the
diameter of the rivet that you are using.[Figure 2-67
shows the procedure for laying out a plain lap and a
comer lap for seaming with rivets (d represents the
diameter of the rivets). For comer seams, allow an
additional one sixteenth of an inch for clearance.
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Figure 2-65.—Common sheet-metal seams.
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Figure 2-66.—Lap seams
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Figure 2-67.—Layout of lap seams for riveting.

GROOVED SEAMS are useful in the fabrication
of cylindrical shapes. There are two types of grooved
seams-the outside grooved seam and the inside
grooved seam[(fig. 2-68). The allowance for a grooved
seam is three times the width (W ifi_fig. 2-68) of the
lock, one half of this amount being added to each edge.
For example, if you are to have a 1/4-inch grooved
seam, 3 x 1/4 = 3/4 inch, or the total allowance; 1/2 of
3/4 inch = 3/8 inch, or the allowance that you are to
add to each edge.

The PITTSBURGH LOCK SEAM[(fig. 2-69) is a
comer lock seam[Figure 2-69] shows a cross section
of the two pieces of metal to be joined and a cross
section of the finished seam. This seam is used as a
lengthwise seam at comers of square and rectangular
pipes and elbows as well as fittings and ducts. This
seam can be made in a brake but it has proved to be so
universal in use that special forming machines have
been designed and are available. It appears to be quite
complicated, but like lap and grooved seams, it
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Figure 2-68.—Grooved seams

1

Figure 2-69.—Pittsburgh lock seam.

FLANGED
EDGE

consists of only two pieces. The two parts are the
flanged, or single, edge and the pocket that forms the
lock The pocket is formed when the flanged edge is
inserted into the pocket, and the extended edge is
turned over the inserted edge to complete the lock. The
method of assembling and locking a Pittsburgh seam

is shown in[figures 2-70 and 2-71.

The allowance for the pocket is W + W + 3/16
inch. W is the width or depth of the pocket. The width
of the flanged edge must be less than W. For example,
if you are laying out a 1/4-inch Pittsburgh leek seam
(fig. 2-72), your total allowance should be 1/4 + 1/4 +
3/16 inch, or 11/16 inch for the edge on which you are
laying out the pocket and 3/16 inch on the flanged
edge.



Figure 2-70.—Assembly of a Pittsburgh lock seam

STANDING SEAMS are used for joining metals
where extra stiffness is needed, such as roofs, air
housing, ducts, and so forth.[Eigure 2-73]is a cross
section of the finished standing seam. Dimensions and
rivet spacing will vary with application.

Standing seams used when stiffening is required
are as follows: The SPREADER DRIVE CAP, the
POCKET SLIP, and the GOVERNMENT LOCK
are seams frequently used in large duct
construction where stiffeners are required.

The DOVETAIL SEAM is used mainly to join a
round pipe/fitting to a flat sheet or duct. This seam can
be made watertight by soldering[ Figure 2-75| shows
the pattern for forming a dovetail seam and an example
of its use.

Notches

Notching is the last but not the least important step
to be considered when you are getting ready to lay out

2-25

Figure 2-71.—Closing a Pittsburgh lock seam
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Figure 2-72.—Layout of a 1/4-inch Pittsburgh lock seam.
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Figure 2-73.—Cross section of a standing seam.

a job. Before you can mark a notch, you will have to
lay out the pattern and add the seams, the laps, or the
stiffening edges. If the patterns are not properly
notched, you will have trouble when you start
forming, assembling, and finishing the job.

No definite rule for selecting a notch for a job can
be given. But as soon as you can visualize the
assembly of the job, you will not have any trouble
determining the shape and size of the notch required



f—— 1-1/8" ———

SOLDER

| x

\m (=)/

T X = TACK

ho-1/2" 0| 011’2"-01
SPREADER DRIVE CAP

RIVET 6" CTRS

o 1.1/4" —

e 1-1/2" ———o

POCKET SUP

1-1/4"

114

\ !

e—1 /4’—»]

11/ >

GOVERNMENT LOCK

Figure 2-74.—Miscellaneous seam.

CRIMP AFTER FORMING

NN
_ ROLL UP 3" DIA.
g
—| | o-7/16"
772
@ 1/8" DIA. HOLES

,

FINISHED PROJECT

o |

SWNPO092

Figure 2-75.—Dovetail lock seam
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for the job. If the notch is made too large, a hole will
be left in the finished job. If the notch is too small or
not the proper shape, the metal will overlap and bulge
at the seam or edge. Do not concern yourself too much
if your first notches do not come out as you
expected—practice and experience will dictate size
and shape.

A SQUARE NOTCH (fig. 2-78) is likely the first
you will make. It is the kind you make in your layout
of a box or drip pan and is used to eliminate surplus
material This type of notch will result in butt comers.
Take a look around the shop to see just how many
different kinds of notches you can see in the
sheet-metal shapes.

SLANT NOTCHES are cut at a 45-degree angle
across the comer when a single hem is to meet at a

90-degree angle. [Figure 2-77 |shows the steps in
forming a slant notch.

A V NOTCH is used for seaming ends of boxes.
You will also use a full V notch when you have to
construct a bracket with a toed-in flange or for similar
construction. The full V is shown in[figure 2-78|

When you are making an inside flange on an angle
of less than 90 degrees, you will have to use a
modification of the full V notch to get flush joints. The
angle of the notch will depend upon the bend angle. A
modified V notch is shown in[figure 2-79]

= 7~

Figure 2-76.—Square notch.

gs

Figure 2-77.—Slant notch.
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Figure 2-78.—V notch.
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Figure 2-79.—Modified V notch.

A WIRE NOTCH is a notch used with a wire edge.
Its depth from the edge of the pattern will be one wire
diameter more than the depth of the allowance for the
wire edge (2 1/2 d), or in other words, 3 1/2 times the
diameter of the wire (3 1/2 d). Its width is equal to 1
1/2 times the width of the seam (1 1/2 w). That portion
of the notch next to the wire edge will be straight. The
shape of the notch on the seam will depend on the type
of seam used, which, ir figure 2-80, is 45 degrees for
a grooved seam.

Most of your work will require more than one type
of notch, as shown in[figure 2-80] where a wire notch
was used in the forming of a cylindrical shape joined
by a grooved seam. In such a layout, you will have to
notch for the wire edge and seam.

JOINING AND INSTALLING
SHEET-METAL DUCT

After the sheet metal has been cut and formed, it
has to be joined together. Most sheet-metal seams are
locked or riveted but some will be joined by torch
brazing or soldering. Lock seams are made primarily
by the forming processes that have already been given.

SWNPOOS7

STEP 1 STEP2

Figure 2-80.—Wire notch in a cylindrical layout.



Torch brazing and soldering are discussed in
Steelworker, volume 1,[chapter 6] This section deals
only with joining sheet-metal seams by either metal
screws or rivets.

METAL SCREWS

Different types of metal screws are available for
sheet-metal work. The most common type in use is the
MACHINE SCREW. Machine screws are normally
made of brass or steel. They will have either a flathead
or a roundhead and are identified by their number size,
threads per inch, and length; for example, a 6 by 32 by
1 inch screw indicates a number 6 screw with
32 threads per inch and 1 inch in length.

SELF-TAPPING SHEET-METAL SCREWS are
another common type of screw. Most screws of this
type will be galvanized and are identified by their
number size and length. These screws form a thread
as they are driven as the name implies.

THREAD-CUTTING SCREWS are
different from self-tapping screws in that they actually
cut threads in the metal. They are hardened and are used
to fasten nonferrous metals and join heavy gauge sheet
metal.

TYPE SLOTTED TYPE APHILLIPS HI-THREAD
PAN HE£LD PAN HEAD

Figure 2-81.—Self-tapping sheet-metal screws

TYPE BHEXHEAD TYPEF PHILLIPS  TYPE BF PHLUPS TYPE L PHILLIPS
ROUNDHEAD ROQUNOHEAD ROUNDHEAD

-
§-§

TYPE 8 SLOTTED
ROUNDHEAD

TYPE B PHILLIPE
ROUNDHEAD

Figure 2-82.—Thread-cutttng screws.
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TYPE U DRIVE TYPE 21 DRIVE
SCREW SCREW

Figure 2-83.—Drive screws.

DRIVE SCREWS |[(fig. 2-83) are simply

hammered into a drilled or punched hole of the proper
size to make a permanent fastening.

RIVETS

Rivets are available in many different materials,
sizes, and types. Rivets, made of steel, copper, brass,
and aluminum, are widely used. Rivets should be the
same material as the sheet metal that they join.

TINNERS' RIVETS of the kind shown in[figurel
[2-84 &re used in sheet-metal work more than any other
type of rivet. Tinners' rivets vary in size from the
8-ounce rivet to the 16-pound rivet. This size
designation signifies the weight of 1,000 rivets. If
1,000 rivets weigh 8 ounces, each rivet is called an
8-ounce rivet. As the weight per 1,000 rivets increases,
the diameter and length of the rivets also increase. For
example, the 8-ounce rivet has a diameter of 0.089
inch and a length of 5/32 inch, while the 12-pound
rivet has a diameter of 0.259 inch and a length of 1/2
inch. For special jobs that require fastening several
layers of metal together, special rivets with extra, long
shanks are used.[Table 2-1 is a guide for selecting

rivets of the proper size for sheet-metal work.
aozTFoo?U:z OZF1 LW—I—LBIi1%LW%LBi {i 2L5i Ij JLBI [i
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Figure 2-84.—Tinners’ rivets.

Table 2-1.—Guide for Selecting Rivet Size for Sheet-Metal

Work
Rivet size (weight in
Gauge of sheet metal pounds per 1,000 rivets)

26 1

24 2

22 212

20 3

18 312

16 4
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When you are joining sheet metal that is greater than
two thicknesses, remember that the shank of the rivet
should extend 1 1/2 times the diameter of the rivet.
This will give you adequate metal to form the head.

Rivet spacing is given on the blueprint or drawing
you are working from. If the spacing is not given,
space the rivets according to the service conditions the
seam must withstand. For example, if the seam must
be watertight, you will need more rivets per inch than
is required for a seam that does not have to be
watertight. No matter how far apart the rivets are, there
must be a distance of 2 1/2 times the rivet diameter
between the rivets and the edge of the sheet. This
distance is measured from the center of the rivet holes
to the edge of the sheet.

PUNCH HOLDER

PUNCHING LEVER

CENTERING
POINT

SWNPO102

Figure 2-85.—Hand punch.

After you have determined the size and spacing of
the rivets, mark the location of the centers of the rivet
holes. Then make the holes by punching or by drilling.
If the holes are located near the edge of the sheet, a
hand punch, similar to the one shown i
can be used to punch the holes. If the holes are farther
away from the edge, you can use a deep-threaded
punch (either hand operated or power driven) or you
can drill the holes. The hole must be slightly larger
than the diameter of the rivet to provide a slight
clearance.

Riveting involves three operations-drawing,
upsetting, and heading[(fig. 2-86). A rivet set and a
riveting hammer are used to perform these operations.
The method for riveting sheet metal follows:

1. Select a rivet set that has a hole slightly larger
than the diameter of the rivet.

2. Insert the rivets in the holes and rest the sheets
to be joined on a stake or on a solid bench top with the
rivet heads against the stake or bench top.

3. Draw the sheets together by placing the
deep hole of the rivet set over the rivet and striking
the head of the set with a riveting hammer. Use a
light hammer for small rivets, a heavier hammer
for larger rivets.

4. When the sheets have been properly drawn
together, remove the rivet set. Strike the end of the rivet
LIGHTLY with the riveting hammer to upset the end of
the rivet. Do not strike too hard a blow, as this would
distort the metal around the rivet hole.

5. Place the heading die (dished part) of the
rivet set over the upset end of the rivet and form
the head. One or two hammer blows on the head of
the rivet set will be enough to form the head on the
rivet.

Figure 2-86.—Drawing, upsetting, and heading a rivet.
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CORRECT RIVETING
1. DRAWN 2. UPSET 3. HEADED
TROUBLES

SWNP0O104
: HEAD TOO SMALL;
1. RIVET NOT DRAWN 2. SHEETS NOT DRAWN

cannana

Figure 2-87.—Correct and incorrect riveting.

A correctly drawn, upset, and headed rivet is

shown in the top part of| figure 2-87| The lower part of
this figure shows the results of incorrect riveting.

An addition to sheet-metal rivets are the pop
rivets shown in[figure 2-88.] These pop rivets are
high-strength, precision-made, hollow rivets
assembled on a solid mandrel that forms an integral
part of the rivet. They are especially useful for blind
fastening-where there is limited or no access to the
reverse side of the work.

CLOSED-END TYPE

SOUID-CORE TYPE
COUNTERSUNK HEAD

OPEN-END TYPE

DOMED TYPE

SVWNPO105

Figure 2-88.—Pop rivets.
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Pop rivets provide simplicity and versatility. ‘hey
are simple and easy to use in complicated installations.
Expensive equipment or skilled operators are not
required. Just drill a hole, insert, and set the pop rivet
from the same side, and high riveting quality and
strength are easily and quickly accomplished.

Two basic designs of pop rivets are used: closed
end and open end. The closed-end type fills the need
for blind rivets that seal as they are set. They are
gastight and liquidtight, and like the open-end type,
they are installed and set from the same side. As the
rivet sets, a high degree of radial expansion is
generated in the rivet body, providing effective
hole-filing qualities.

The open-end type of pop rivet resembles a hollow
rivet from the outside. Because the mandrel head stays
in the rivet body, the mandrel stem seals to a certain
degree, but it is not liquidtight.

[Figure 2-89] shows two of the tools used for setting
the pop rivets. These tools are lightweight and very
easily used. For example, when using the small hand
tool, you need only to insert the mandrel of the rivet
in the nosepiece, squeeze the handle (usually three
times), and the rivet is set. To operate the scissors-type
tool, fully extend the lever linkage or gatelike
mechanism and insert the rivet mandrel into the
nosepiece of the tool. Insert the rivet into the piece
being riveted. Apply firm pressure to the tool,
ensuring that the nosepiece remains in close contact
with the rivet head. Closing the lever linkage retracts
the gripping mechanism, which withdraws the
mandrel. The rivet is set when the mandrel head
breaks.

SWNPO106
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Figure 2-89.—Pop rivet toots.



Before inserting another rivet in the tool, be sure
that the broken mandrel has been ejected from the tool.
This can be done by fully extending the lever linkage
and allowing the mandrel to fall clear.

The scissors or expandable type of tool is unique
because it can reach hard-to-get-at areas and can set
the rivets with ease. This tool is particular] y useful for
installing ventilation ducting.

RIVETED SEAMS

Riveted seams are used for joining metals and
have numerous applications.

Figure 2-90|shows the pattern of one of two pieces
to be joined by lap and rivet. Note the cross section of
the finished seam.

2.1/
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Figure 2-90.—Pattern for riveted lap seam.

shows the patterns for constructing a
lapped and riveted comer seam. View A is the pattern
for one piece and view B is the other. Note the cross
section through the completed seam.

Frequent use is made of lapped and riveted seams
in joining round pipe sections.

SHEET-METAL DUCT SYSTEMS

With the advent of high-tech equipment, such as
computers and other specialized electronic
equipment, air-conditioning systems are incorporated
more than ever into many Naval Construction Force
(NCF) construction projects. Many of the structures
are designed for long-life usage instead of temporary
buildings with a short time use. There are also some
advanced base functional components (ABFC) which
incorporate heating, ventilating, and air-conditioning
systems (HVAC) within the facility design.

HVAC systems require close coordination
between ratings. Air conditioning, air handling, and
heating units are normally installed by an
Utilitiesman, and the electrical connections are
accomplished by a Construction Electrician. These
items must be installed before the ductwork
installation phase begins. The Steelworker must also
coordinate with the Builder assigned to the project to
ensure that all openings in walls and floors are
sufficient to accommodate ducts, diffusers, and vents.

Sheet-metal HVAC systems require knowledgeable
workers to fabricate and install the various ducts and
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Figure 2-91.—Riveted seam for tapped and riveted corner seam.



fittings needed in a complete heating, ventilating, and
air-conditioning system. The Steelworker must be
very versatile because the most difficult part of
sheet-metal work is the installation of a product that
has been built in a shop and is installed on a site at a
later time.

All of the variables and problems that occur
during the installation process cannot be covered here;
however, this section will cover some of the different
hanging and connecting systems used by the
sheet-metal worker. The type of connecting system
used depends upon where the duct system is installed,
its size, how many obstructions there are, and also,
what type of structure the system is hanging from or
connected to.

SHOP PROCEDURES

The small sheet metal shops in the NCF or in a
Public Works Department are normally tasked with
single fabrication jobs for an NCF project or small
repair projects. These shops usually employ a small
number of Steelworkers as part of a multi-shop
environment. The senior Steelworker assigned to a
shop is tasked with the plan development and
estimating of materials. The layout Steelworker makes
up most of the fittings in the shop and is responsible
for stockpiling patterns and tracings on standard
fittings used for sheet-metal duct systems.

NOTE: You should fabricate an entire job at the
shop, rather than deliver an incomplete system to the
jobsite.

SHOP DRAWINGS

A shop drawing is a plan view or an elevation view
of a fitting, duct, or other object that is drawn either
by the freehand sketch method or by using drafting
instruments. It maybe useful to get assistance from an
Engineering Aid for complex duct systems or fittings.
One of the better methods is to draw a complete set of
standard fittings and then add the required dimensions
to fit the job.

The dimensions shown on the views of a shop
drawing are finished dimensions. Once the finished
dimensions have been determined, one-half inch must
be added to each end to obtain the raw size of the
pattern. This dimension produces a cut size
dimension. The type of material, gauge number, and
type of seam may be added to the shop drawing if
desired. Usually these are specified on the drawings
and on the pattern sheets.
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DUCT MATERIAL

Metal sheets, wire, band iron, and angle iron are
the most widely used materials in sheet-metal
fabrication. The types of metal sheets are plain, flat
sheets and ribbed sheets or corrugated sheets. The
sheets are made of such materials as black iron,
galvanized iron, tin plate, copper, aluminum, stainless
steel, or Monel. Galvanized and black iron sheets are
the most commonly used material in sheet-metal
work.

The thickness of a sheet is designated by a series
of numbers called gauges. Iron and steel sheets are
designated by the U.S. standard gauge which is the
accepted standard in the United States.

REINFORCEMENT AND SUPPORT

The recommended gauge thicknesses of sheet
metal used in a standard ventilating and
air-conditioning system with normal pressure and
velocities are shown in [table 2-2] Where special
rigidity or stiffness is required, ducts should be
constructed of metal two gauges heavier than those
given in the table. All insulated ducts 18 inches or
greater on any flat side should be cross broken, as
shown in[figure 2-92.]Cross breaking maybe omitted
if the duct is insulated with approved rigid type of
insulation and sheet metal two gauges heavier is used.

The maximum length of any section of ductwork
will not exceed 7 feet 10 inches; this measurement
allows individual sections to be fabricated from an
8-foot sheet of metal with a 2-inch allowance for
connection tabs. If lengths of 7 feet 10 inches are
considered too long for a specific job, it is
recommended that the duct system be constructed
with sections of 3-foot 9-inch multiples.

Many duct systems run into unplanned
obstructions, particularly in renovation work, such as
electrical connections and wiring, structural members,

Figure 2-92.—Cross-broken flat surfaces



Table 2-2.—Recommended Gauges for Sheet-Metal Duct Construction

Aluminum B. & S. Steel U.S. std. Maximum side, Type of transverse
gauge gauge inches joint connections Bracing

24 26 upto 12 S-drive, pocket or bar|None.
slips, on 7-ft. 10-in,
centers

12t N4 S_drive nocket or harlNone

1J W LT VUSULLIT Ly PUVALL UL VAl (2 YU
slips, on 7-ft, 10-in.
centers. i

22 24 2510 30 S-drive, 1-in. pocket|1-x 1-x 1/8-in. angles
or 1-in. bar slips, on/4 ft. from joint.
7-ft. 10-in. centers.

311040 Drive, 1-in. pocket or|1-x 1-x 1/8-in. angles
1-in. bar slips, on 7-ft.|4 ft. from joint.
10-in. centers.

20 22 41 to 60 1 1/2-in. angle connec-|11/2-x 1 1/2-x 1/8-in.
tions, or 1 1/2-in. bar|angles 4 ft. from joint.
slips with 1 3/8-in. X
1/8-in. bar reinforcing
on 7-ft. 10-in. centers.

18 20 61 to 60 1 1/2-in. angle connec-|1 1/2-x 11/2-x 1/8-in.
tions, or 1 1/2-in. bar|diagonal angles, or
slips  3-ft. 9-in.|1 1/2-x 11/2-x 1/8-in.
maximum centersianoles 2 ft. from joint.
with 1 3/8-x 1/8-in.

. bar reinforcing.

16 18 91 and up 2-in. angle connections|1 1/2-x 11/2-x 1/8-in.
or 1 1/2-in. bar slips|diagonal angles, or
3-ft 9-in. maximumj 1/2-x 11/2-x 1/8-in.
centers with 1 3/8- X |angles 2 ft. from joint.
1/8-in. bar reinforcing.

and piping systems. These obstructions must be
avoided by fabricating the duct system to go around
the obstacles. Do NOT run obstructions through duct
systems because it creates turbulence that reduces the
efficiency of the system. When the obstruction is an
electrical obstruction, you should ensure all power is
off and safety checked. When running the duct
through an obstruction is absolutely unavoidable, the
turbulence can be reduced by enclosing the

obstruction in a streamlined collar|(fig. 2-93).

FLEXIBLE CONNECTIONS

Most duct systems are connected to either a
heating or a cooling system. These systems are
general] y electric motor driven to move air through the
duct system. Therefore, all inlet and outlet duct
connections to all fans or other equipment that may
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Figure 2-93.—Easement around an obstruction in ducts.

create vibration should be made with heavy canvas, as

shown in|figure 2-94

The most common method of making connections
between duct sections and fittings is the method of
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Figure 2-94.—Flexible duct connection.

combining two S slips and two drive slips [(fig. 2-95).
S slips are first placed on two opposite edges of one
of the sections or fittings to be joined. These S slips
are applied to the widest dimension of the duct
[2-96). The second section or fitting is then inserted
into the slips, and the two sections are held together
by inserting drive slips along the opposite sides [figJ
[2-97). After the drive slips are driven home, they are
locked in place by bending the ends of the drive slip
over the comer of the S slips to close the comer and
leek the drive slips in place [(fig. 2-98), completing the
joint shown in[figure 2-99]

HANGING DUCT FROM
PURLINS OR BEAMS

Most of the ductwork Steelworkers install,
modify, or repair are in pre-engineered buildings or
repairs to more permanent type of ducting in
buildings, such as barracks and base housing.

The most common installation method is hanging
the duct from purlins or beams in the hidden area of a

ar
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Figure 2-95.—Methods of connecting ducts,
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Figure 2-97.—Inserting drive slips.
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Figure 2-98.—Bending drive slips to complete the Joint.

roof or below a ceiling. [Figure 2-100]shows one such
system when the duct is running parallel to the
structural member. These systems require that angle
be installed between the beams so that the hanger
straps can be installed on both sides of the duct.
Normally, 2-inch by 2-inch by 1/8-inch angle is
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Figure 2-99.—Completed S-and-drive connection.
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Figure 2-100.—Duct running parallel to purlins or beams.

sufficient. However, if the duct is of a very large size,
a larger angle may be required.

The straps that are used as hangers may be
fabricated from 1/8-inch plate. In a normal
installation, a 1 inch by I/S-inch strap will suffice. All
straps must be connected to the ductwork with
sheet-metal screws. On all government work, it is
required that the screws be placed 1 1/4 inches from

all edges, as illustrated in the figure which shows that
the duct system hanging from angle rails and that all
angles be either bolted or tack-welded to purlins or
beams.

Strap hangers may be hung directly on purlins or
beams when the duct is running transverse] y or across
the purlins or beams, as shown in[ figure 2-101]
However, the strap hangers must be twisted to turn 90
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Figure 2-101.—Strap hangers from purlins.
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degrees onto the flange of the beam or purlin. Again,
the standard 7 feet 10 inches maximum span required
between hangers applies. Also, the hanger screws
standard will apply. The hanger span may be shortened
to fit the job requirements.

For heavier or larger systems, an installation
similar to that shown in[figure 2-102 |maybe required.
This system is hung entirely on angle rails and the
straps are fabricated into one-piece units. This system
is by far the neatest looking and is normally used when
the duct system is exposed.

Installing a duct system under a built-up steel roof
is accomplished by hanging the duct
system with all-thread bolts and 2-inch by 2-inch by
1/8-inch angles. The all-thread bolt protrudes through
the steel decking and is bolted from the top with a large
washer and bolt, which extends down alongside the
duct into the 2-inch by 2-inch angles which is also
bolted from under the angle. This system allows for
adjustment of height. Also notice that the all-the ad
bolt extends into the top flat of the apex of the steel
roof decking. This is required because connecting the
all-thread bolt to the bottom valley of the steel deck
will reduce the structural strength of the decking and
may also cause water leaks.

FIBER-GLASS DUCT SYSTEMS

Throughout the Naval Construction Force (NCF)
fiber-glass duct is becoming common on jobsites. It
has the advantage of added insulating value, ease of
fabrication and handling, as well as installation, and
making it useful where traffic and handling/abuse are
restricted.

DUCT CHARACTERISTICS

Fiber-glass ducts are manufactured of molded
fiber-glass sheets covered with a thin film coating of
aluminum, although thin vinyl or plastic coatings are
sometimes used. In the NCF, we are primarily
concerned with aluminum coated duct. Because it is
fabricated of glass fibers, it is inherently insulated;
therefore, it is used where insulation is a requirement.

Fiber-glass ducts can be molded into various
shapes for special applications. The desired shapes can
be ordered from the manufacturer’s stock In the NCF,
for all but special purposes, the duct is supplied in the
flat form of a board that has V grooves cut into the
inner surfaces to allow folding to fabricate rectangular
sections[(fig. 2-104], view A). The ends of the board is
molded so when a rectangular/square duct is formed
two sections of the same size will fit together in a
shiplap joint[(fig. 2-104] view C). This joint ensures a
tight connection coupled with a positive alignment.
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Figure 2-102.—Duct system with strap hangers from angle rails transverse to purlti
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Figure 2-104.—Fabricating rectangular/square fiber-glass duct from duct board.
Of extreme importance is the selection of the inside diameter of the duct is the determining
proper board size to fabricate the duct before factor of the board size. Use[table 2-3|to determine

cutting and grooving. In all applications the board size.
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Table 2-3.—Duct Board Length Selection Chart

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
6 32 34 36 38 40 42 4 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 716
7 34 36 38 40 42 44 46 48 50 52 56 58 60 62 64 66 68 70 72 74 76 78
8 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80
9 38 40 42 44 46 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 8§82
10 40 42 44 406 48 50 52 54 56 58 60 62 64 66 68 T0 72 T4 76 78 80 82 84
11 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86
12 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88
13 4 48 S50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90
14 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 8 8 88 90 92
15 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 8 88 90 92 94
16 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96
17 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 8 88 90 92 94 96 98
18 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100
19 58 60 62 64 66 68 70 72 74 76 78 80 82 84 8 88 90 92 94 96 98 100 102
20 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100 102 104
21 62 64 66 68 70 72 74 76 78 80 82 84 8 88 90 92 94 96 98 100 102 104 106
22 64 66 68 70 72 74 76 78 80 82 84 8 8 90 92 94 96 98 100 102 104 106 108
23 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100 102 104 106 108 110
24 68 70 72 74 76 78 80 82 84 86 83 90 92 94 96 98 100 102 104 106 108 110 112
25 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100 102 104 106 108 110 112 114
26 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100 102 104 106 108 110 112 114 116
27 74 76 78 80 82 84 86 88 90 92 94 96 98 100 102 104 106 108 110 112 114 116 118
28 76 78 80 82 84 8 8 90 92 94 96 98 100 102 104 106 108 110 112 114 116 118 120
29 78 80 82 84 86 88 90 92 94 96 98 100 102 104 106 108 110 112 114 116 118 120
30 80 82 84 8 8 90 92 94 96 98 100 102 104 106 108 110 112 114 116 118 120
31 82 84 8 88 90 92 94 96 98 100 102 104 106 108 110 112 114 116 118 120
32 84 86 88 90 92 94 96 98 100 102 104 106 108 110 112 114 116 118 120
33 8 88 90 92 94 96 98 100 102 104 106 108 110 112 114 116 118 120
34 8 90 92 94 96 98 100 102 104 106 108 110 112 114 116 118 120
35 9 92 94 96 98 100 102 104 106 108 110 112 114 116 118 120
36 92 94 96 98 100 102 104 106 108 110 112 114 116 118 120
37 54 96 98 100 102 104 106 108 110 112 114 116 118 120
38 96 98 100 102 104 106 108 110 112 114 116 118 120
39 98 100 102 104 106 108 110 112 114 116 118 120
40 100 102 104 106 108 110 112 114 116 118 120
41 102 104 106 108 110 112 114 116 118 120
42 104 106 108 110 112 114 116 118 120
43 106 108 110 112 114 116 118 120 *For 1 1/2-inch board—ADD 4 INCHES to these dimensions.
4 108 110 112 114 116 118 120 *For 2-inch board—ADD 8 INCHES to these dimensions.
43 110 112 114 116 118 120
46 112 114 116 118 120
47 114 116 118 120
48 116 118 120
49 118 120
50 120
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NOTE: Within a heating system, the use of
fiber-class duct is restricted by the adhesive
used to affix the protective outer coating to the
fiber glass. Check the specifications and ensure
that it will not fail when exposed to heat over
250 degrees.

FABRICATION

To fabricate a rectangular/square duct, you must
first measure the duct board accurately. Next, the
grooves must be cut. Ensure they are at the proper
locations and cut straight because this allows the board
to be folded to create the desired rectangular/square
shape. When cutting the board, you will need to leave
an overlapping tab that is pulled tight and stapled
view A). Tape is then applied and the joint is
heat-sealed view B). Joints between
sections are fabricated by pulling the shiplap end
sections together and finished by stapling, taping, and

heat sealing the joint [(fig. 2-104] view C).
INSTALLATION

The very nature of fiber-glass duct requires that it
be supported with 1-inch by 1/16-inch galvanized
steel strap hangers. These must be supplied or
fabricated to fit the duct precisely whether the duct be
rectangular/square or round. Rectangular/square ducts
up to 24 inches (span) can be supported on 8-foot
centers. Ducts larger than 24 inches must be supported
on 4-foot centers. For round ducts the supports must
not be less than 6-foot centers.

SAFETY

Some of the safety precautions applicable to
sheet-metal tools and equipment have been mentioned
throughout this chapter. Here are a few additional
precautions that should be carefully observed when
you are working with sheet metal.
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1. Sheet metal can cause serious cuts. Handle it
with care. Wear steel reinforced gloves whenever
feasible.

2. Treat every cut immediately, no matter how
minor.

3. Remove all burrs from the metal sheet before
attempting to work on it further.

4. Use a brush to clean the work area. NEVER
brush metal with your hands.

5. Use tools that are sharp.

6. Keep your hands clear of the blade on all
squaring shears.

7. A serious and painful foot injury will result if
your foot is under the foot pedal of the squaring shears
when a cut is made.

8. Do not run your hands over the surface of sheet
metal that has just been cut or drilled. Painful cuts can
be received from the burrs.

9. Get help when large pieces of sheet metal are
being cut. Keep your helper well clear of the shears
when you are making the cut.

10. Keep your hands and fingers clear of the rotating
parts on forming machines.

11. Place scrap pieces of sheet metal in the scrap
box.

12. Always remember to keep a clean shop. GOOD
HOUSEKEEPING is the key to a safe shop.

13. Do not use tools that are not in first-class
condition-hammer heads loose on the handle, chisels
with mushroomed heads, power tools with guards
removed, and so forth.

14. Wear goggles when in the shop.






CHAPTER 3

STRUCTURAL STEEL TERMS / LAYOUT AND
FABRICATION OF STEEL AND PIPE

Structural steel is one of the basic materials used
in the construction of frames for most industrial
buildings, bridges, and advanced base structures.
Therefore, you, as a Seabee Steelworker, must have a
thorough knowledge of various steel structural
members. Additionally, it is necessary before any
structural steel is fabricated or erected, a plan of action
and sequence of events be set up. The plans,
sequences, and required materials are predetermined
by the engineering section of a unit and are then drawn
up as a set of blueprints. This chapter describes the
terminology applied to structural steel members, the
use of these members, the methods by which they are
connected, and the basic sequence of events which
occurs during erection.

STRUCTURAL STEEL MEMBERS

Your work will require the use of various
structural members made up of standard structural
shapes manufactured in a wide variety of shapes of
cross sections and sizes. [Eigure 3-1]shows many of
these various shapes. The three most common types
of structural members are the W-shape (wide flange),
the S-shape (American Standard I-beam), and the
C-shape (American Standard channel). These three
types are identified by the nominal depth, in inches,
along the web and the weight per foot of length, in
pounds. As an example, a W 12 x 27 indicates a
W-shape (wide flange) with a web 12 inches deep and
a weight of 27 pounds per linear foot.
shows the cross-sectional views of the W-, S-, and
C-shapes. The difference between the W-shape and
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Figure 3-1—Structural shapes and designations.
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Figure 3-2.—Structural shapes.

the S-shape is in the design of the inner surfaces of the
flange. The W-shape has parallel inner and outer
flange surfaces with a constant thickness, while the
S-shape has a slope of approximately 17' on the inner
flange surfaces. The C-shape is similar to the S-shape
in that its inner flange surface is also sloped

approximately 17

The W-SHAPE is a structural member whose
cross section forms the letter H and is the most widely
used structural member. It is designed so that its
flanges provide strength in a horizontal plane, while
the web gives strength in a vertical plane. W-shapes
are used as beams, columns, truss members, and in
other load-bearing applications.

The BEARING PILE (HP-shape) is almost
identical to the W-shape. The only difference is that
the flange thickness and web thickness of the bearing
pile are equal, whereas the W-shape has different web
and flange thicknesses.

The S-SHAPE (American Standard I-beam) is
distinguished by its cross section being shaped like the
letter 1. S-shapes are used less frequently than
W-shapes since the S-shapes possess less strength and
are less adaptable than W-shapes.

The C-SHAPE (American Standard channel) has
a cross section somewhat similar to the letter C. It is
especially useful in locations where a single flat face
without outstanding flanges on one side is required.
The C-shape is not very efficient for a beam or column
when used alone. However, efficient built-up
members may be constructed of channels assembled
together with other structural shapes and connected by
rivets or welds.

An ANGLE is a structural shape whose cross
section resembles the letter L. Two types, as illustrated
in[figure 3-3] are commonly used: an equal-leg angle
and an unequal-leg angle. The angle is identified by
the dimension and thickness of its legs; for example,
angle 6 inches x 4 inches x 1/2 inch. The dimension
of the legs should be obtained by measuring along the
outside of the backs of the legs. When an angle has
unequal legs, the dimension of the wider leg is given
first, as in the example just cited. The third dimension
applies to the thickness of the legs, which al ways have
equal thickness. Angles may be used in combinations
of two or four to form main members. A single angle
may also be used to connect main parts together.

Steel PLATE is a structural shape whose cross
section is in the form of a flat rectangle. Generally, a
main point to remember about plate is that it has a
width of greater than 8 inches and a thickness of 1/4
inch or greater.

Plates are generally used as connections between
other structural members or as component parts of
built-up structural members. Plates cut to specific
sizes may be obtained in widths ranging from 8 inches
to 120 inches or more, and in various thicknesses. The
edges of these plates may be cut by shears (sheared
plates) or be rolled square (universal mill plates).

Plates frequently are referred to by their thickness
and width in inches, as plate 1/2 inch x 24 inches. The
length in all cases is given in inches. Note in[figure 3-4]
that 1 cubic foot of steel weighs 490 pounds. his
weight divided by 12 gives you 40.8, which is the
weight (in pounds) of a steel plate 1 foot square and 1
inch thick The fractional portion is normally dropped
and 1-inch plate is called a 40-pound plate. In practice,
you may hear plate referred to by its approximate
weight per square foot for a specified thickness. An
example is 20-pound plate, which indicates a 1/2-inch

plate. (Sed figure 3-4l)

The designations generally used for flat steel have
been established by the American Iron and Steel
Institute (AISI). Flat steel is designated as bar, strip,

= =
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Figure 3-3.—Angles.
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40-POUND PLATE
Figure 3-4—Weight and thickness of steel plate.

sheet, or plate, according to the thickness of the
material, the width of the material, and (to some
extent) the rolling process to which it was subjected.
shows the designations usually used for
hot-rolled carbon steels. These terms are somewhat
flexible and in some cases may overlap.

The structural shape referred to as a BAR has a
width of 8 inches or less and a thickness greater than
3/16 of an inch. The edges of bars usually are rolled
square, like universal mill plates. The dimensions are
expressed in a similar manner as that for plates; for
instance, bar 6 inches x 1/2 inch. Bars are available in
a variety of cross-sectional shapes—round,
hexagonal, octagonal, square, and flat. Three different
shapes are illustrated in_figure 3-5] Both squares and
rounds are commonly used as bracing members of
light structures. Their dimensions, in inches, apply to
the side of the square or the diameter of the round.

Now that you have been introduced to the various
structural members used in steel construction, let us
develop a theoretical building frame from where you,
the Steelworker, would start on a project after all the
earthwork and footings or slab have been completed.
Remember this sequence is theoretical and may vary

T

SQUARE ROUND

FLAT

SWNPOS08

Figure 3-5.—Bars.

somewhat, depending on the type of structure being
erected.

ANCHOR BOLTS

Anchor bolts are cast into the concrete
foundation. They are designed to hold the column
bearing plates, which are the first members of a steel
frame placed into position. These anchor bolts must
be positioned very carefully so that the bearing plates
will be lined up accurately.

BEARING PLATES

The column bearing plates are steel plates of
various thicknesses in which holes have been either
drilled or cut with an oxygas torch to receive the

ANCHOR BOLT

COLUMN FOOTING

Figure 3-6.—Anchor bolts.

Table 3-1.—Plate, Bar, Strip, and Sheet designation
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anchor bolts The holes should be slightly
larger than the bolts so that some lateral adjustment of
the bearing plate is possible. The angle connections,
by which the columns are attached to the bearing
plates, are bolted or welded in place according to the

size of the column, as shown in[figure 3-8]

After the bearing plate has been placed into
position, shim packs are set under the four comers of
each bearing plate as each is installed over the anchor
bolts, as shown in[figure 3-9] ‘The shim packs are 3- to
4-inch metal squares of a thickness ranging from 1 1/6
to 3/4 inch, which are used to bring all the bearing
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Figure 3-8.—Typical column to baseplate connections.

Figure 3-9.—Leveled bearing plate.

plates to the correct level and to level each bearing
plate on its own base.

The bearing plates are first leveled individually by
adjusting the thickness of the shim packs. This
operation may be accomplished by using a 2-foot level
around the top of the bearing plate perimeter and
diagonally across the bearing plate.

Upon completion of the leveling operation, all
bearing plates must be brought either up to or down to
the grade level required by the structure being erected
All bearing plates must be lined up in all directions
with each other. This may be accomplished by using
a surveying instrument called a builder’s level. String
lines may be set up along the edges and tops of the
bearing plates by spanning the bearing plates around
the perimeter of the structure, making a grid network
of string lines connecting all the bearing plates.

After all the bearing plates have been set and
aligned, the space between the bearing plate and the
top of the concrete footing or slab must be filled with
a hard, nonshrinking, compact substance called
GROUT. (Sed fig. 3-91) When the grout has hardened
the next step is the erection of the columns.

COLUMNS

Wide flange members, as nearly square in cross
section as possible, are most often used for columns.
Large diameter pipe is also used frequentl y/[(fig. 3-10),
even though pipe columns often present connecting
difficulties when you are attaching other members.
Columns may also be fabricated by welding or bolting
a number of other rolled shapes, usually angles and

plates, as shown in| figure 3-11

If the structure is more than one story high, it may
be necessary to splice one column member on top of
another. If this is required, column lengths should be
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Figure 3-10.—Girder span on pipe columns.
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Figure 3-11.—Built-up column section.

such that the joints or splices are 1 1/2 to 2 feet above
the second and succeeding story levels. This will
ensure that the splice connections are situated well
above the girder or beam connections so that they do
not interfere with other second story work.

Column splices are joined together by splice
plates which are bolted, riveted, or welded to the
column flanges, or in special cases, to the webs as well.
If the members are the same size, it is common practice
to butt one end directly to the other and fasten the
splice plates over the joint, as illustrated in
When the column size is reduced at the
joint, a plate is used between the two ends to provide
bearing, and filler plates are used between the splice
plates and the smaller column flanges|(fig. 3-13).

GIRDERS

Girders are the primary horizontal members of a
steel frame structure. They span from column to
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Figure 3-12.—Column splice with no size change.
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Figure 3-13.—Column splice with change in column size.

column and are usually connected on top of the
columns with CAP PLATES (bearing connections), as
shown in[figure 3-14] An alternate method is the
seated connection [(fig._3-15). The girder is attached to
the flange of the column using angles, with one leg
extended along the girder flange and the other against
the column. The function of the girders is to support
the intermediate floor beams.
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Figure 3-14.—Girder span on a wide flange column.
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Figure 3-15.—Seated connections.
BEAMS

Beams are generally smaller than girders and are
usually connected to girders as intermediate members
or to columns. Beam connections at a column are
similar to the seated girder-to-column connection.
Beams are used generally to carry floor loads and
transfer those loads to the girders as vertical loads.
Since beams are usually not as deep as girders, there
are several alternative methods of framing one into the
other. The simplest method is to frame the beam
between the top and bottom flanges on the girder, as
shown in[figure 3-16 If it is required that the top or
bottom flanges of the girders and beams be flush, it is
necessary to cut away (cope) a portion of the upper or

lower beam flange, as illustrated i figure 3-17
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Figure 3-16.—Column splice with no size change
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Figure 3-17.—Coped and blocked beam ends.

BAR JOIST

Bar joists form a lightweight, long-span system
used as floor supports and built-up roofing supports,
as shown in[figure 3-18] Bar joists generally run in the
same direction as a beam and may at times eliminate
the need for beams. You will notice in[figure 3-19]that
bar joists must have a bearing surface. The span is

from girder to girder. (See fig. 3-201)

Prefabricated bar joists designed to conform to
specific load requirements are obtainable from
commercial companies.

TRUSSES

Steel trusses are similar to bar joists in that they
serve the same purpose and look somewhat alike.
They are, however, much heavier and are fabricated
almost entirely from structural shapes, usually angles
and T-shapes. (See[fig. 3-21]) Unlike bar joists,
trusses can be fabricated to conform to the shape of
almost any roof system [(fig. 3-22) and are therefore
more versatile than bar joists.

The bearing surface of a truss is normally the
column. The truss may span across the entire building
from outside column to outside column. After the
trusses have been erected, they must be secured
between the BAYS with diagonal braces (normally
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Figure 3-18.—Clearspan bar joists (girder to girder) ready to install roof sheeting.
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Figure 3-19.—Bar joists seat connection.




Figure 3-20.—Installing bar Joists girder to girder.
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round rods or light angles) on the top chord plane
and the bottom chord plane[(fig. 3-24)). After
these braces are installed, a sway frame is put into

place. (Sed fig. 3-25])

PURLINS, GIRTS, AND EAVE STRUTS

Purlins are generally lightweight and
channel-shaped and are used to span roof trusses.
Purlins receive the steel or other type of decking, as
shown in[figure 3-26] and are installed with the legs
of the channel facing outward or down the slope of the
roof. The purlins installed at the ridge of a gabled roof
are referred to as RIDGE STRUTS. The purlin units
are placed back to back at the ridge and tied together
with steel plates or threaded rods, as illustrated in

figure 3-27

The sides of a structure are often framed with girts.
These members are attached to the columns
horizontally [fig. 3-28). The girts are also channels,
generally the same size and ‘shape as roof purlins.
Siding material is attached directly to the girts.
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Figure 3-21.—Steel truss fabricated from angle-shaped members.
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Figure 3-22.—Different styles of truss shapes.
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Figure 3-23.—Diagonal braces-top chord plane.
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Figure 3-24.—Diagonal braces-bottom chord plane.
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Figure 3-25.—Sway frame.
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Figure 3-26.—Roof purlin.
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Figure 3-27.—Ridge struts.
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Figure 3-28.—Wall girt.

Another longitudinal member similar to purlins

and girts is an cave strut. This member is attached to
the column at the point where the top chord of a truss
and the column meet at the cave of the structure. (See

[fig. 3-29))

There are many more steelworking terms that you

will come across as you gain experience. If a term is

ROOF TRUSS

EAVE STRUT
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Figure 3-29.—Eave strut.



used that you do not understand, ask someone to
explain it or look it up in the manuals and publications
available to you.

Steelworkers are required to lay out and fabricate
steel plate and structural steel members. Assignments
you can expect to be tasked with include pipe layout
and fabrication projects of the type required on a tank
farm project. Plate layout procedures are similar to
those for sheet metal (see[chapter 2). There are some
procedures of plate fabrication however, that are
fundamentally different, and they are described in this
chapter. Steelworkers are also tasked to construct and
install piping systems designed to carry large
quantities of liquids for long distances.

FABRICATING PLATE AND
STRUCTURAL MEMBERS

Steel plate is much thicker than sheet steel and is
more difficult to work with and form into the desired
shapes. Before fabricating anything with steel, you
must take into consideration certain factors and ensure
they have been planned for. First, ensure adequate
lighting is available to enable you to see the small
marks you will be scratching on the steel. Second,
ensure all tools you need are available and accessible
at the work area. Also, ensure you have an accurate
field sketch or shop drawing of the item to be
fabricated.

LAYOUT OF STEEL PLATE

When laying out steel plate, you should have the
following tools: an adequate scale, such as a
combination square with a square head, an accurate
protractor, a set of dividers, a prick punch, a center
punch, and a ball peen hammer.

When layout marks are made on steel, you must
use a wire brush to clean them and remove the residue
with a brush or rag. Then paint the surface with a
colored marking compound. Aerosol spray is very
good because it allows the paint to fall only in the areas
to be laid out and also because it produces a thin coat
of paint that will not chip or peel off when lines are
being scribed.

When appropriate, the layout lines can be drawn
on steel with a soapstone marker or a similar device.
However, remember that the markings of many of
these drawing devices can burn off under an oxygas
flame as well or be blown away by the force of oxygen
from the cutting torch. These conditions are
undesirable and can ruin an entire fabrication job. If
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using soapstone or a similar marker is your only
option, be sure to use a punch and a ball peen hammer
to make marks along the cut lines. By “connecting the
dots,” you can ensure accuracy.

Plan material usage before starting the layout on
a plate. An example of proper plate layout and material
usage is shown in[figure 3-30,|Observe the material
used for the cooling box. It will take up slightly more
than half of the plate. The rest of the material can then
be used for another job. This is only one example, but
the idea is to conserve materials. An example of poor
layout is shown in[figure 3-31] The entire plate is used
up for this one product, wasting material, increasing
the cost and layout time of the job.

The layout person must have a straight line or
straightedge that he or she refers all measurements to.
This straightedge or line can be one edge of the work
that has been finished straight; or it can be an outside
straight line fastened to the work, such as a
straightedge clamped to the work. Once the reference
line has been established, you can proceed with the
layout using the procedures described in[chapter 2|

When the layout is complete, the work should be
checked for accuracy, ensuring all the parts are in the
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Figure 3-30.—Proper plate steel cooling box layout.
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Figure 3-31.—Improper plate steel cooling box layout.



layout and the measurements are correct. After
determining that the layout is accurate, the layout person
should center punch all cutting lines. This ensures
accurate cutting with either a torch or shears. The work
can be checked after cutting because each piece will have
one half of the center punch marks on the edge of the
material. Remember, always cut with the kerf of the
torch on the outside edge of the cutting lines.

LAYOUT OF STRUCTURAL SHAPES

Structural shapes are slightly more difficult to lay
out than plate. This is because the layout lines may not
be in view of the layout person at all times. Also, the
reference line may not always be in view.

Steel beams are usually fabricated to fit up to
another beam. Coping and slotting are required to
accomplish this[_Figure 3-32 shows two W 10 x 39
beams being fitted up. Beam A is intersecting beam B
at the center. Coping is required so beam A will butt
up to the web of beam B; the connecting angles can be
welded to the web, and the flanges can be welded
together.

A cut 1 1/8 inches (2.8 cm) long at 45 degrees at
the end of the flange cope will allow the web to fit up
under the flange of beam B and also allow for the fillet.

(TO FIT UNDER FLANGE TO WEB)
1/2 FLANGE - (172 WEB + 1/16")

The size of the cope is determined by dividing the
flange width of the receiving beam in half and then
subtracting one half of the thickness of the web plus
1/16 inch. This determines how far back on beam A
the cope should be cut.

When two beams of different sizes are connected,
the layout on the intersecting beam is determined by
whether it is larger or smaller than the intersected

beam. In the case shown in[figure 3-33] the

Figure 3-33.—Typical framed construction, top flange flush.

N\ FILLET ALLOWANCE =
1-1/8" AT 45°

SWNP0125

Figure 3-32.—Fabrication and fit-up for joining two beams of the same size.
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intersecting beam is smaller; therefore, only one
flange is coped to fit the other. The top flanges will be
flush. Note that the angles on this connection are to be
bolted, rather than welded.

CONNECTION ANGLE LAYOUT

A very common connection with framed
construction is the connection angle. The legs of the
angles used as connections are specified according to
the surface to which they are to be connected. The legs
that attach to the intersecting steel to make the
connections are termed web legs. The legs of the
angles that attach to the supporting or intersected steel
beam are termed outstanding legs. The lines in which
holes in the angle legs are placed are termed gauge
lines. The distances between gauge lines and known
edges are termed gauges. An example of a completed
connection is shown in[figure 3-34] The various terms
and the constant dimensions for a standard connection

angle are shown in[figure 3-35|

OUTSTANDING

SWNPC127

1-1/4°

3" PITCH

3" PTCH

-1-1/4°

2-3/4* MINUS
172 WEB THICKNESS

2-1/4" GAUGE
SWNPQ128

Figure 3-35.—Standard layout for connection angle using
4-inch by 4-inch angle

The distance from the heel of the angle to the first
gauge line on the web leg is termed the web leg gauge.
This dimension has been standardized at 2 1/4 inches
(5.6 cm). THIS DIMENSION IS CONSTANT AND
DOES NOT VARY.

The distance from the heel of the angle to the first
gauge line on the outstanding leg is called the
outstanding leg gauge. This dimension varies as the
thickness of the member, or beam, varies. This
variation is necessary to maintain a constant
5 1/2-inch-spread dimension on the angle connection.

The outstanding leg gauge dimension can be
determined in either one of the following two ways:

1. Subtract the web thickness from 5 1/2 inches
(13.8 cm) and divide by 2.

2. Subtract 1/2 of the web thickness from 2 3/4
inches.

The distance between holes on any gauge line is
called pitch. This dimension has been standardized at
3 inches (7.5 cm).

The end distance is equal to one half of the
remainder left after subtracting the total of all pitch
spaces from the length of the angle. By common
practice, the angle length that is selected should give
a 1 1/4-inch (3-cm) end distance.

All layout and fabrication procedures are not
covered in this section. Some examples are shown in

Notice that the layout and fabrication yard
has a table designed to allow for layout, cutting, and

welding with minimum movement of the structural
members. The stock materials are stored like kinds of
materials.

The table holds two columns being fabricated out
of beams with baseplates and cap plates. Angle clips
for seated connections should be installed
before erection,

CUTTING AND SPLICING BEAMS

At times, the fabricator will be required to split a
beam to make a tee shape from an | shape. This is done
by splitting through the web. The release of internal
stresses locked up in the beams during the
manufacturer’s rolling process causes the split parts to
bend or warp as the beams are being cut unless the
splitting process is carefully controlled.

The recommended procedure for cutting and
splitting a beam is first to cut the beam to the desired
length and then proceed as follows:
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Figure 3-36.—Prefab table and steel storage.

Figure 3-37.—Seated connection.

1. Make splitting cuts about 2 feet (60 cm) long,
leaving 2 inches (5 cm) of undisturbed metal between
all cuts and at the end of the beam|[(fig. 3-38). As the cut
is made, cool the steel behind the torch with a water
spray or wet burlap.
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2. After splitting cuts have been made and the
beam cooled, cut through the metal between the cuts,
starting at the center of the beam and working toward
the ends, following the order shown infigure 3-38]

The procedure for splitting abeam also works very
well when splitting plate and is recommended when
making bars from plate. Multiple cuts from plate can
be made by staggering the splitting procedure before
cutting the space between slits. If this procedure is
used, ensure that the entire plate has cooled so that the
bars will not warp or bend.

TEMPLATES

When a part must be produced in quantity, a
template is made first and the job laid out from the
template. A template is any pattern made from sheet
metal, regular template paper, wood, or other suitable
material, which is used as a guide for the work to be
done. A template can be the exact size and shape of

the corresponding piece, as shown in_figure 3-39
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Figure 3-38.—Cuttiug order for splitting a beam.

views 1 and 2, or it may cover only the portions of the
piece that contain holes or cuts, as shown in views 3
and 4. When holes, cuts, and bends are to be made in
a finished piece, pilot holes, punch marks, and notches
in the template should correspond exactly to the
desired location in the finished piece. Templates for
short members and plates are made of template paper
of the same size as the piece to be fabricated.
Templates for angles are folded longitudinal] y, along
the line of the heel of the angle view 3).

Accurate measurements in making templates
should be given careful attention. Where a number of
parts are to be produced from a template, the use of
inaccurate measurements in making the template
obviously would mean that all parts produced from it
will also be wrong.

Template paper is a heavy cardboard material with
a waxed surface. It is well adapted to scribe and
divider marks. A combination of wood and template
paper is sometimes used to make templates. The use
of wood or metal is usually the best choice for
templates that will be used many times.

For long members, such as beams, columns, and
truss members, templates cover only the connections.
These templates may be joined by a wooden strip to
ensure accurate spacing [(fig. 3-39] views 1 and 2).

3-14

They may also be handled separately with the template
for each connection being clamped to the member
after spacing, aligning, and measuring.

In making templates, the same layout tools
discussed earlier in this chapter are used. The only
exception is that for marking lines, a pencil or
Patternmaker’s knife is used. When punching holes in
a template, keep in mind that the purpose of the holes
is to specify location, not size. Therefore, a punch of
a single diameter can be used for all holes. Holes and
cuts are made prominent by marking with paint.

Each template is marked with the assembly mark
of the piece it is to be used with, the description of the
material, and the item number of the stock material to
be used in making the piece.

In laying out from a template, it is important that
the template be clamped to the material in the exact
position. Holes are center punched directly through
the holes in the template [(fig. 3-40), and all cuts are
marked. After the template is removed, the marks for
cuts are made permanent by rows of renter punch
marks.

It is important that each member or individual
piece of material be given identifying marks to



PAPER TEMPLATE FOR CUTTING AND
PUNCHING GUSSET PLATE

PAPER AND WOOD STRIP TEMPLATE
FOR PUNCHING TWO ANGLES TO
BE PLACED BACK TO BACK

PAPER AND WOOD STRIP TEMPLATE
FOR PUNCHING HOLES IN WEB OF
CHANNEL

PAPER TEMPLATE WITH SHEET-IRON
STIFFENERS FOR CUTTING AND
PUNCHING CONNECTION ANGLE

Figure 3-39.—Paper and combination templates.

@ PAINT MARKS SHOWING PART OF °
FLANGE TO 8E CUT AWAY (COPED)

(@ CENTERPUNCH

@ NOTCH IN TEMPLATE INDICATING
FLANGE COPE

7%,
p' iy

Figure 3-40.—Use of template in laying out a steel channel.

correspond with marks shown on the detail drawing
fig. 3-41).

The ERECTION MARK of a member is used to
identify and locate it for erection. It is painted on the
completed member at the left end, as shown on the
detail drawing, and in a position so that it will be right
side up when the member is right side up in the
finished structure.

An ASSEMBLY MARK is painted on each piece
on completion of its layout so that the piece can be
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identified during fabrication and fitting up with other
pieces to form a finished member.

PIPE FITTING AND LAYOUT
OPERATIONS

Lack of templates, charts, and mathematical
formulas need not hinder you in pipe layout. In
emergencies, welded pipe of equal diameter can be
laid out in the field quickly and easily. By using the
methods described here and a few simple tools, you
can lay out branches and Y connections as well as
turns of any angle, radius, and number of segments.
The few simple tools required are both readily
available and familiar to the Steelworker through
almost daily use. A framing square, a bevel protractor
with a 12-inch (20-cm) blade, a spirit level, a spring
steel wraparound (or tape), a center punch, a hammer,
and a soapstone will meet all needs. (A stiff strip of
cardboard or a tin sheet about 3 inches [7.5 cm] wide
also makes a good wraparound.) For purposes of our
discussion, the long part of the framing square is

referred to as the BLADE and the short part as the
TONGUE.

LAYOUT OPERATIONS

Two methods of pipe layout are commonly used.
They are the one-shot method and the shop method.
The ONE-SHOT method is used in the field. With this
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Figure 3-41.—Erection and assembly marks.

method, you use hand tools and make your layout on
the pipe to be cut. The one-shot method is so named
because you only use it once. In the SHOP METHOD
you will make templates for pieces that are going to
be duplicated in quantity. As an example, a job order
comes into the shop for 25 pieces of 6-inch (15-cm)
pipe-all cut at the same angle. Obviously, it would
be time consuming to use the one-shot method to
produce 25 pieces; hence the shop method is used for
laying out. Patterns can be made of template paper or
thin-gauge sheet metal. The major advantage of
thin-gauge sheet metal templates is when you are
finished with them they can be stored for later use.

Keep in mind that all pipe turns are measured by
the number of degrees by which they turn from the
course set by the adjacent straight section. The angle
is measured between the center line of the intersecting
sections of pipe. Branch connections are measured in
angle of turnaway from the main line. For example, a
60-degree branch is so-called because the angle
between the center line of the main pipe and the center
line of the branch connection measures 60 degrees.
Turns are designated by the number of degrees by
which they deviate from a straight line.
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QUARTERING THE PIPE

Inlaying out any joint, the first step is to establish
reference points or lines from which additional
measurements or markings can be made. This is done
by locating a center line and dividing the outside
circumference of the pipe into 90-degree segments, or
quarters. The framing square, the spirit level, and the
soapstone are used in these procedures in the
following manner: Block the pipe so it cannot move
or roll; then place the inside angle of the square against
the pipe and level one leg. One point on the centerline
is then under the scale at a distance of half the outside
diameter of the pipe from the inside angle of the square

fig. 3-42). Repeating at another part of the pipe will

FRAMING
SQUARE

ab=bc=1/20.D. SWNPO135

Figure 3-42.—Locating the top and side quarter points.



locate two points and hence the center line. By this
same method, the quarter points also may be located
This operation is a must before any layout with the
field method.

If you are using a long piece of pipe and are going
to cut both ends in addition to the square, you will need
a piece of carpenter’s chalk line with a plumb bob on
each end and two 24- or 36-inch (60- or 90-cm)-flat
steel rules (depending on the diameter of the pipe) to
locate the top and the bottom center lines[ Figure 3-43
shows a plumb bob and rules being used to locate the
top and the bottom center lines.

Another one-shot method of quartering pipe is to
take a strip of paper and wrap it around the pipe and
tear or cut the part that overlaps. The ends should
touch. Remove the paper from the pipe and fold it in
half, as shown in[figure 3-44] view A. Then double the
strip once again, as shown in view B. This will divide
your strip into four equal parts. Place the strip of paper
around the pipe. At the crease marks and where the
ends meet, mark the pipe with soapstone and your pipe
will be quartered.

TEMPLATE FOR TWO-PIECE TURN

The fact that a length of pipe with square ends can
be fabricated by wrapping a rectangular section of
plate into a cylindrical form makes available a method
(known as parallel forms) of developing pipe surfaces,
and hence developing the lines of intersection between

SWNP0136
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Figure 3-43.—Locating the top and the bottom center lines.

A SWNP0137

Figure 3-44.—Folding a tip of paper for use in quartering
pipe.

pipe walls. Based on this principle, wraparound
templates can be made for marking all manner of pipe
fittings for cutting preparatory to welding.

The development of a template is done in practice
by dividing the circumference (in the end view) of the
pipe into a specific number of equal sections. These
sections are then projected onto the side view of the
desired pipe section. The lengths of the various
segments that make up the pipe wall may then be laid
out, evenly spaced, on a base line. This line is, in
effect, the unwrapped circumference[(fig. 3-45). If the
template developed i _figure 3-45] view C, is wrapped
around the pipe with the base line square with the pipe,
the curved line, a-b-c-d-e-f-, and so forth, will locate
the position for cutting to make a 90-degree, two-piece
turn. Draw a circle [(fig. 3-45] view A) equal to the
outside diameter of the pipe and divide half of it into
equal sections. The more sections, the more accurate
the final result will be. Perpendicular to the centerline
and bisected by it, draw line Al equal to the O.D. (view
B). To this line, construct the template angle (TA)
equal to one half of the angle of turn, or, in this case,
45 degrees. Draw lines parallel to the centerline from
points a, b, ¢, and so forth, on the circle and mark the
points where these lines intersect line a-i with
corresponding letters. As an extension of Al but a little
distance from it, draw a straight line equal to the pipe
circumference or that of the circle in view A. This line
(view C) should then be divided into twice as many
equal spaces as the semicircle, a-b-c-, and so forth, and
lettered as shown. Perpendiculars should then be
erected from these points. Their intersections with
lines drawn from the points on a-i in view B, parallel
to the base line in view C, determine the curve of the
template.

SIMPLE MITER TURN

After quartering the pipe, proceed to make a
simple miter turn. Locate the center of the cut
point c) in the general location where the cut is
to be made. Use a wraparound to make line a-b
completely around the pipe at right angles to the center
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Figure 3-45.—Principles of template layout.
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Figure 3-46.—Simple miter turn.

and quarter lines. This establishes a base line for
further layout work.

When you are measuring, treat the surface of the
pipe as if it were a flat surface. Use a flat-steel rule or
tape, which will lie against the surface without Kkinks,
even though it is forced to follow the contour of the
pipe. These angles can also be checked for accuracy
by sighting with the square.

Use the protractor and square to determine the
proper cutback for the desired angle of the miter turn.
Start with the protractor scale set at zero so that the
flat surface of the protractor and the blade are parallel.
You can now set the protractor for the number of

degrees desired. After you have the correct setting,
lock the blade. Place the protractor on the square with
the bottom blade on the outside diameter of the pipe.
Now read up to the cutback on the vertical blade of the
square. You must be sure that the flat surface of the
protractor is flush against the blade of the square [fig.]
[3-47). The outside radius of the pipe should have been
determined during the quartering operation.

After you have obtained the cutback
measurement, mark one half of this measurement off
along the center line on top of the pipe. From the
opposite side of the base line, measure off the same
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Figure 3-47.—Finding the cutback.

distance along the bottom quarter line. Make punch
marks with the center punch on each side of the line,
along the side quarter lines. These marks will make it
easy to align the pipe for welding after the joint is cut.
Use the spring steel wraparound and pull the loop to
the cutback point. Next, draw a chalk line over the top
half of the pipe through the first cutback point.
(NOTE: Do not allow the wraparound to twist or
kink, and hold the chalk at a right angle to the
wraparound while marking the pipe.) Now roll the
pipe one-half turn and mark a chalk line in the same
way around the bottom half of the pipe.

TWO-PIECE TURN

If a template is not available, you may determine
the dimensions and markings for the cut necessary for
a two-piece welded turn of any angle between 1 degree
and 90 degrees by making a full-sized drawing, as

shown in[figure 3-48]|

Draw the center lines intersecting at b by using the
angle of turn T and then draw the outlines of the pipes
by using the center lines and the diameter D. These
will intersect at a and c. By laying the pipe over the
drawing so that point b will coincide with that
determined by construction details, you can draw the
lines a-b and c-b in preparation for miter cutting and
beveling.

After being prepared for welding, one section of
pipe should be rotated through 180 degrees to form the
desired angle, and then it should be tack-welded.

()

= ANGLE OF TURN
= QUTSIDE DIA. OF PIPE

SWNPQ141

Figure 3-48.—To locate cut on a pipe for any angle two-piece
turn.

Spacing should be slightly greater at the inside of the
turn.

WELDED TEE

To lay out the template for cutting the branch and
header for a 90-degree tee with header and branch of
equal diameter, draw the side and end view, as shown

in{figure 3-49] views A and B.

In making the template for the branch in[figurel
view A, draw lines 1-5 at 45 degrees to the center
line. Lay off distance 1-P equal to twice the thickness
of the pipe wall and draw the smooth curve s-P-s. Now,
project point P from view A to view B and draw the
lines P-t radially. At a distance above point t equal to
the thickness of the header wall, draw a-t horizontally,
and vertical lines a-a and t-t. With lower points a as
center, swing arcs r-s. Using the intersections of these
arcs as centers and with the same radius, draw the
curved lines a-be-d-e arid e d-c-b-a.

Divide the outside circumference of the branch
top into equal parts and draw the vertical lines b-b, c-c,
and so forth. Also, draw the horizontal base line a-a.

Lay off the unwrapped circumference[(fig. 3-49]
view D), and divide each half of it into the same
number of equal parts as the branch
semicircumference. In view D, you should plot the
distances a-a, b-b, and so forth, from view B. This
gives the distances from the base line to the branch
curve of the intersection and determines the location
of the branch template.
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Figure 3-49.—90-degree tee.

To make the template for the hole in the header,
divide the circumference of the header into equal
parts, as at points 1, 2, 3, and so forth. Next, project
these points across to view A [(fig, 3-49), as shown. As
in view C, lay off the line 1-5-1 equal to one half of
the circumference of the header, and divide it into the
same number of equal parts as was done on the header.
Locate point P, a distance from 1 in view C equal to
1-P in view B. With this point P and the distances 5-5,
4-4, and so forth, in view A, plotted as shown in view
C, the curve of the template is located.
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BRANCH CONNECTIONS

Branch to header connections|[(fig. 3-50) at any
angle of 45 degrees to 90 degrees can be fabricated in
equal diameter pipe by the following procedures.
(Note that angles less than 45 degrees can be made,
but a practical limitation is imposed by the difficulty
of welding the crotch section.)

First, quarter both sections of pipe as before. hen
locate the center line of the intersection (point B) on
the header and draw line GF around the pipe at this
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Figure 3-50.—Branch connections

point. Set the diameter FG on the blade of the square.
Set and lock the protractor atone fourth of the number
of degrees of turnaway from the header (in the
example, 1/4 of 60° = 15°). With the blade along FG,
the frost cutback measurement, FA, will be indicated
on the tongue of the square. Measure off this distance
along the center line of the header from line FG and
mark point A. As described before, join point A with
the points of intersection of line FG and the two side
quarter lines to outline the first cut.

With the same protractor setting, flip the square
and mark point H. Distance FH is equal to FA. FH is
the first portion of the second cutback measurement.
With the same settings and with the square upside
down (as compared to before), locate point | the same
way you located point H.

Now, set the protractor to one half of the number
of degrees of turnaway from the header (in the
example, 1/2 of 60° = 30°). With the blade set to the
diameter, the second portion, HD, of the second
cutback measurement will be indicated on the tongue.
The second cutback measurement is the total distance
FC. Connect points C and B and connect C with the
point, which corresponds to B, on the quarter line on
the opposite side of the header. This outlines the
second cut and completes the marking of the header.

Use the same two cutback measurements to lay out
the end of the branch. Branch cutback distance DA is
equal to header cutback distance FA. Branch cutback
distance EC is equal to header cutback distance FC. If
the branch end is square, make cutback measurements
from the end, rather than marking in a circumferential
line. Make all cuts as before, and level and join the
branch and header by welding.
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WELDED TEE (BRANCH SMALLER
THAN THE HEADER)

One of the best types of joint for a 90-degree
branch connection where the branch is smaller than
the header is obtained by inserting the smaller branch
pipe through the wall down to the inner surface of the
header. The outside surface of the branch intersects the
inside surface of the header at all points. When the
header is properly beveled this type of intersection
presents a very desirable vee for welding. In ease
templates or template dimensions are not available,
the line of cut on both header and branch can be
located by other methods, but the use of templates is
recommended.

In the first method, the square end of the branch
should be placed in the correct position against the
header and the line of intersection marked with a flat
soapstone pencil [(fig. 3-51). Since radial cutting is
used in this case and since the outer branch wall should
intersect the inner header wall, point B should be
located on both sides of the branch a distance from A
equal to slightly more than the header wall thickness.
A new line of cut is then marked as a smooth curve
through the points, tapering to the first line at the top
of the header. Following radial cutting, the joint
should then be beveled

The branch should be slipped into the hole until
even with point B to locate the line of cut on the
branch. A soapstone pencil may then be used to mark
the line for radial cutting. No beveling is necessary.

A second method for larger diameter pipe is
shown in[figure 3-52] After the centerlines have been
drawn, the branch should be placed against the header,
as shown. By means of a straightedge, the distance
between A and the header wall is determined, and this
measurement above the header is transferred to the
branch wall, as represented by the curved line a-b-c.

—_—
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+ RADIAL CUT .
\x/ SWNPO144
BRANCH 4" DIAMETER AND LESS

Figure 3-51.—Method where the line of cut is first marked on
main,



After this line is radially cut, the branch maybe used
to locate the line of cut on the header, allowing for the
intersection of the outer branch wall and inner header
wall as before. This line should be radially cut,
followed by beveling.

In making an eccentric branch connection the
extreme case being where the side of the branch is
even with the side of the header, a similar procedure
is followed, as shown in_figure 3-53

THREE-PIECE Y CONNECTION

The entire procedure for fabrication of an equal
diameter, three-piece Y connection is based on
individual operations already described. As the first
step, quarter the end of the three pieces of pipe and
apply circumferential lines. When the three pieces are
welded together to form the Y, there will be three
center lines radiating from a common point.

The open angle between each pair of adjacent
center lines must be decided, for each of these angles
will be the angle of one of the branches of the Y. As
shown in[figure 3-54,] these open angles determine the
angle of adjoining sides of adjacent branches. Thus
half of the number of degrees between center lines A
and B are included in each of the adjoining cutbacks
between these two branches. The same is true with
respect to the other angles and cutbacks between

Figure 3-52.—Line of cut is first marked on branch with this
method.

N
SWNPO146 STRAIGHTEDGE

Figure 3-53.—Marking cut on branch for eccentric branch
connection.
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Figure 3-54.—Three-piece Y connection.

center lines, Moreover, each piece of pipe must have
a combination of two angles cut on the end.

To determine the amount of cutback to form an
angle of the Y, set the protractor at one half of the open
angle between adjacent branch center lines. Place the
protractor on the square, crossing the outside radius
measurement of the pipe on the tongue of the square,
and read the cutback distance off the blade of the
square. Mark off this distance on one side quarter line
on each of the two pieces that are to be joined. Then
mark the cutback lines. Repeat this procedure for the
other two angles of the Y, taking care to combine the
cutbacks on each pipe end. Three settings of the
protractor determine all cutbacks.

An alternate method for determining each cutback
is to treat two adjacent branches as a simple miter turn.
Subtract the number of degrees of open angle between
center lines from 180 degrees and set the protractor at
one half of the remaining degrees. Cross the outside
radius measurement on the tongue. Mark one side of
each adjoining pipe section. Repeat for the other two
branches. Take care to combine the proper cutbacks
on each pipe end. Set the protractor for each open
angle of the Y connection.

The computations and measurements for the

layout are shown in The pipe is

12 inches in diameter and has a radius of 6 inches (15
cm)



Table 3-2.—Computations and Measurement for a Y Connection.

ACB ACG BCG
Open angle between center lines 90 deg. 110 deg. 160 deg.
Protractor setting (half of each angle) 45 deg. 55 deg. 80 deg.
Cutbacks 6" 4 1/8" 11/16"
Center lines A B G
Paired cutback measurements (inches) fe =6" ab=11/16" ab=11/16"
cd=418" fe=6" cd=41/8"

Figure 3-55.—True Y.

LAYOUT OF ATRUE Y

In laying out pipe for the fabrication of a true Y
without the use of templates or tables, a full-sized
drawing of the intersection should be made.
‘he intersection of the center lines of the three pipes
will locate point B, and lines from B to the
intersections of the pipe walls will locate points A, C,
and D. From these points the pipe maybe marked for
cutting. Miter cutting, followed by suitable beveling,
is necessary in preparing the pipe for welding.

TEMPLATE LAYOUT FOR
TRUE Y BRANCHES
AND MAIN LINES

Inlaying out a template for a true Y, a drawing of
the intersection should be made, as shown in[figure]
3-56, view A. After drawing the lines of intersection,
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the same essential methods as for other templates
are followed. Note that here it is suggested the
equally divided semicircumferences are more
conveniently placed directly on the base line. The
distances from the base line to the line of
intersection plotted on the unwrapped base line
determine the template.

ORANGE PEEL HEAD

A number of different types of heads are used in
welded pipe construction. Here, we are interested in
one general type, the ORANGE PEEL, since it will
often concern you in your work. A main advantage of
the orange peel is that it has high strength in resisting
internal pressure.

If templates or tables are not available for making
an orange peel head, a reasonably accurate marking
can be secured by the following procedure for laying
out a template.

The number of arms to make an orange peel head
should be the minimum number which can be easily
bent over to form the head. Five arms and welds are
the recommended minimum for any pipe; this
number should be increased for larger sizes of pipe.
Dividing the circumference by 5 is a good method
for deciding the number of arms, provided, there are
at least 5.

To lay out the template, draw the side and end
views Divide the pipe circumference in
view B into the same number of equal parts as it is
planned to have welds, and draw the radial lines o-a,
0-b, and so on. Project the points a, b, and so on, in
this view.
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Figure 3-56.—Template for true Y branches and main of equal diameter.
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Figure 3-57.—Orange peel head.

Now, divide x-0-x into equal parts-in this case, 6.
Then draw the lines x1-x1 and x2x2. These represent
the concentric circles in view B. In laying out the
template, the distances a-b, b-c, al-bl, a2-b2, and
so on, are taken from view B. The distances x+,x-xl,
x-x2, b-b1, and so on, are taken from view A. It is not
actually necessary to draw views A and B since all the

values can be determined by a simple computation. All
cutting should be radial followed by a beveling cut.
A one-shot field method of making an orange peel

is shown in[figure 3-58.| This method can be used when
you are going to make only one orange peel.

Incidentally, the tables shown ir_figure 3-58|will help
to lineup your template better.

_CR.
H== wl=12w
e w= .CR w2=7/8W
NO.OF
SEGMENTS
1,2,83=H
3
L—— W SHOULD BE 5 OR MORE,
IF 4 IS USED, IT LOOKS BOXED.

1
|

H wl l
|

w2 !

|
| w |

SWNPO151

Figure 3-58.—A field method of making an orange peel.
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PIPE CUTTING

Cutting pipe is not much different than cutting
structural shapes, except that you must always keep in
mind that the cut will either be radial or miter. The gas
cutting torch is used to cut pipe fittings for welding.
Procedures relating to the use of the cutting torch are
given in volume 1, chapter 4. The torch maybe hand
operated, or it maybe mounted on a mechanical device
for more accurate control.

Cutting machines may be used to prepare many
fittings without the use of templates. These machines
cut and bevel the pipe in one operation-the bevel
extending for the full pipe wall thickness. When the
pipe is cut by hand, beveling is done as a second
operation.

For many types of welded fittings, a RADIAL cut
is required before beveling. Radial cutting simply
means that the cutting torch is held so it is
perpendicular to the interior center line at all times. In
other words, the cutting orifice always forms a
continuation of a radius of the pipe, making the cut
edge square with the pipe wall at every point.
[3-59 shows radial cutting. Except in the case of the
blunt bull plug, for which the radial cut provides the
proper vee, the radial cut should be followed by a
beveling cut for pipe with 3/1 6 inch (4.8 mm) or more
wall thickness.

In MITER cutting the torch tip is held so that the
entire cut surface is in the same plane. The miter cut
is followed by a beveling cut, leaving a 1/32- to
1/16-inch (.8 to 1.6-mm) nose at the inner wall.

[3-60 s$hows miter cutting.

& SWNPO153

Figure 3-60.—Miter cutting.

PIPE BENDING

Any piping system of consequence will have
bends in it. When fabricating pipe for such a system,
you can make bends by a variety of methods, either
hot or cold, and either manual] y or on a power-bending
machine. Cold bends in pipe are usually made on a
bending machine. Various types of equipment are
available, ranging from portable handsets to large
hydraulically driven machines that can cold bend pipe
up to 16 inches (40.64 c¢cm) in diameter. You will be
concerned primarily with hot bending techniques,
using a bending slab or using a method known as
wrinkle bending.

TEMPLATES

Whatever method you use to bend pipe, you
should normally have some pattern that represents the
desired shape of the bend. Templates made from wire
or small, flexible tubing can be invaluable in preparing
new installations as well as in repair work, When
properly made, they will provide an exact guide to the
bend desired.

One of the simple types of bend template is the
center line template. A centerline template is made to

SWNRPD152

Figure 3-59.—Radial cutting.
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conform to the bend or bends of the pipe to be made.
It is used to lay off the bend area on the pipe and as a
guide during the pipe or tube bending operation.
[Figure 3-61]shows the use of a center line template.
These templates are made of wire, or rod, and are
shaped to establish the center line of the pipe to be
installed. The ends of the wire are secured to special
clamps, called flange spiders. A clearance disc, which
must be the same diameter as the pipe, is used if there
is any doubt about the clearance around the pipe.

HOT BENDS

Hot bends are accomplished on a bending slab
This slab requires little maintenance
beyond a light coating of machine oil to keep rust in
check.

As a preliminary step in hot bending, pack the pipe
with dry sand to prevent the heel or outside of the bend
from flattening. If flattening occurs, it will reduce the

FLANGE
SPIDER ;! !

Figure 3-61.—Center line template.

CLEARANCE
DisC
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Figure 3-62.—Bending on a slab.
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cross-sectional area of the pipe and restrict the flow of
fluid through the system.

Drive a tapered, wooden plug into one end of the
pipe. Place the pipe in a vertical position with the
plugged end down, and fill it with dry sand. Leave just
enough space at the upper end to take a second plug.
To ensure that the sand is tightly packed, tap the pipe
continually with a wooden or rawhide mallet during
the filling operation. The second plug is identical with
the first, except that a small vent hole is drilled through
its length; this vent permits the escape of any gases
(mostly steam) that may form in the packed pipe when
heat is applied. No matter how dry the sand may
appear, there is always a possibility that some
moisture is present. This moisture will form steam that
will expand and build up pressure in the heated pipe
unless some means of escape is provided. If you do
not provide a vent, you will almost certainly blow out
one of the plugs before you get the pipe bent.

When you have packed the pipe with sand, the
next step is to heat the pipe and make the bend. Mark
the bend area of the pipe with chalk or soapstone, and
heat it to an even red heat along the distance indicated
from A to B in figure 3-63. Apply heat to the bend area
frost on the outside of the bend and then on the inside.
When an even heat has been obtained, bend the pipe
to conform to the wire template. The template is also
used to mark the bend area-on the pipe.

it hat: 3l

WOOD PLUG

TEMPLATE

SWNPQ156

Figure 3-63.—Heating and bending pipe to conform to wire
template.



The main problem you will have in bending
copper tubing and pipe is preventing wrinkles and flat
spots. Wrinkles are caused by compression of the pipe
wall at the throat (inside) of the bend. Flat spots are
caused by lack of support for the pipe wall, by stretch
in the heel (outside) of the bend, or by improper
heating.

If the pipe is properly packed and properl y heated,
wrinkles and flat spots can be prevented by bending
the pipe in segments so that the stretch is spread evenly
over the whole bend area. When a pipe is bent, the
stretch tends to occur at the middle of the bend. If the
bend area is divided into a number of segments and
then bent in segments, the stretch will occur at the
center of each segment and thus be spread more evenly
over the bend area. Another advantage of bending in
segments is that this is almost the only way you can
follow a wire template accurately.

When bending steel and some other piping
materials, you can control wrinkles and flat spots by
first overbending, the pipe slightly and then pulling the
end back [(fig. 3-64).

Hot bends are made on a bending slab[(fig. 3-64).
The pull to make the bend is exerted in a direction
parallel to the surface of, the bending slab. The
necessary leverage for forming the bend is obtained
by using chain falls, by using block and tackle, or by
using a length of pipe that has a large enough diameter
to slip over the end of the packed pipe. Bending pins
and hold-down clamps (dogs) are used to position the
bend at the desired location.

Be sure to wear asbestos gloves when working on
hot bending jobs. Pins, clamps, and baffles often have
to be moved during the bending operation. These
items absorb heat radiated from the pipe as well as
from the torch flame. You cannot safely handle these
bending accessories without proper gloves.

Each material has its peculiar traits, and you will
need to know about these traits to get satisfactory

CVERBEND AND
PULLBACKTO
ROUND UpP
THROAT

FLATTENING
AT THROAT
CAUSED BY
BENDING.
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Figure 3-64.—0verbending to correct flattening of pipe.
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results. The following hints for bending different
materials should prove helpful:

WROUGHT IRON—WTrought iron becomes
brittle when hot, so always use a large bend radius.
Apply the torch to the throat of the bend instead of to
the heel.

BRASS—Do not overbend, as brass is likely to
break when the bend direction is reversed.

COPPER—Hot bends may be made in copper,
although the copper alloys are more adaptable to cold
bending. This material is one that is not likely to give
any trouble.

ALUMINUM—Overbending and reverse
bending do not harm aluminum, but because there is
only a small range between the bending and melting
temperature, you will have to work with care. Keep
the heat in the throat at all times. You will not be able
to see any heat color, so you must depend on “feel” to
tell you when the heat is right for bending. You can do
this by keeping a strain on the pipe while the bend area
is being heated. As soon as the bend starts, flick the
flame away from the area. Play it back and forth to
maintain the bending temperature and to avoid
overheating.

CARBON-MOLYBDENUM and CHROMIUM-
MOLYBDENUM—These maybe heated for bending,
if necessary, but caution must be exercised so as not
to overheat the bend area. These types of metal are
easily crystallized when extreme heat is applied. Pipes
made from these materials should be bend cold in
manual or power-bending machines.

WRINKLE BENDS

It may seem odd that after describing precautions
necessary to keep a bend free of wrinkles, we next
describe a method which deliberately produces
wrinkles as a means of bending the pipe. Nevertheless,
you will find the wrinkle-bending technique a simple
and direct method of bending pipe, and perhaps in
man y pipe-bending situations, the only convenient
method. This would particularly be the case if no
bending slab were available or if time considerations
did not permit the rather lengthy sand-packing
process.

Basically, wrinkle bending consists of a simple
heating operation in which a section of the pipe is
heated by a gas welding torch. When the metal
becomes plastic (bright red color), the pipe is bent
SLIGHTLY, either by hand or by means of tackle



rigged for that purpose. The unheated portion forms
the heel (outside) of the bend, while the wrinkle is
formed at the throat (inside) of the bend due to
compression.

It should be understood that the pipe should not be
bent through very large angles (12 degrees being
considered the maximum for one wrinkle) to avoid the
danger of the pipe buckling. The procedure in making
a large bend is to make several wrinkles, one at a time.
If, for example, you want to produce a bend of
90 degrees, a minimum of eight separate wrinkles
could be made. Figure 13-65 shows a 90-degree bend
made with ten separate wrinkles. The formula to
determine the number of wrinkles is to divide the
degrees per wrinkle required into the degrees of the
bend required.

IR B

Figure 3-65.—90-degree bend made with ten separate
wrinkles.
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Wrinkle bending has been successful on pipe of
more than 20 inches in diameter. Experience has
shown that, for 7-inch-diameter pipe and over, more
complete and even heating is accomplished using two
welding torches, rather than one. In any event, the
heating procedure is the same-the torch or torches
being used to heat a strip approximately two thirds of
the circumference of the pipe [(fig. 3-66). The heated
strip need not be very wide (2 to 3 inches, or 5.08 to
7.62 cm, is usually sufficient) since the bend will only
be through 12 degrees at most. The heated portion, as
we have noted, is the part which will compress to
become the inside of the bend. The portion which is
not heated directly will form the outside of the bend.

The technique most often used to bend the pipe,
once it has been heated, is simple and straightforward.
The pipe is merely lifted up by hand (or by tackle),
while the other end is held firmly in position.

Figure 3-66.—Part of pipe heated before wrinkle bending.






Chapter 4

FIBER LINE

Starting with this chapter, we explore another
major area of steelworking skills-the erection and
assembly of steel structure. Steelworkers require
tools to hoist and maneuver the steel members into
place to erect a structure of any magnitude. These
hoisting tools range from uncomplicated devices,
such as tripods and gin poles, to more complex
mechanisms, such as cranes and motor-powered
derricks. Whatever the case, one of the most
important components of these hoisting mechanisms
is the fiber line or wire rope that must be attached to
and hold the load to be hoisted and maneuvered.
Before you, as a Steelworker, can become skilled in
the supervision of hoisting devices, you must first
understand the use and maintenance of fiber line and
wire rope.

FIBER LINE

This chapter and the next are designed to
familiarize you with the different types of fiber line
and wire rope commonly used by Steelworkers. We
also discuss knots, bends, hitches, clips, and fittings
and describe how they are used. Other topics
discussed include the handling and care of fiber line
and wire rope, making splices in fiber line, and
methods of determining safe working loads.

TYPES OF NATURAL FIBER LINES

Vegetable fibers commonly used in the
manufacture of line include manila, sisal, hemp, coir,
and cotton.

Manila

Manila is a strong fiber that comes from the leaf
stems of the stalk of the abaca plant, which belongs to
the banana family. The fibers vary in length from 4 to
12 feet in the natural state. The quality of the fiber and
its length give manila line relatively high elasticity,
strength, and resistance to wear and deterioration. A
good grade of manila is cream in color, smooth, clean,
and pliable. Poorer grades of manila are characterized
by varying shades of brown. In many instances, the
manufacturer treats the line with chemicals to make it
more mildew resistant, which increases the quality of
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the line. Manila line is generally the standard item of
issue because of its quality and relative strength.

Sisal

The next best line-making fiber is sisal. It is made
from two tropical plants—sisalana and henequen.
The fiber is similar to manila, but lighter in color. It
is grown in the East Indies, Africa, and Central
America. Sisal fibers are usually 26 to 40 inches (65
cm to 1 m) long but are only about 80 percent as strong
as manila fibers. Sisal line withstands exposure to
seawater exceptionally well. It is frequently used in
towing, mooring, and similar purposes.

Hemp

Hemp is a tall plant that provides useful fibers for
making line and cloth. It is cultivated in the United
States, Russia, Italy, and South America. Hemp was
used extensively before the introduction of manila.
Throughout the Navy the principal use is for small
stuff, ratline, marline, and spun yarn. Since hemp
absorbs tar much better than the hard fibers, these
fittings are invariably tarred to male them water
resistant. The term small stuff is used to describe
small cordage that a layman may call string, yarn, or
cords. Tarred hemp has about 80 percent of the
strength of untarred hemp. Of these tarred fittings,
marline is the standard item of issue.

Coir

Coir line is a light line made from the fiber of
coconut husks and is light enough to float on water. A
resilient rough line, it has about one fourth of the
strength of hemp; therefore, the use of coir is restricted
to small lines.

Cotton

Cotton line is a smooth white line that stands much
bending and running. Cotton is not widely used in the
Navy except, in some cases, for small lines.



TYPES OF SYNTHETIC FIBER LINES

Although natural fiber line is normally used, a
number of synthetic fibers are also used to make line.
The synthetic fibers used to fabricate line include the
following: nylon, Kevlar, Orion, and Dacron.

Of the types of line made from synthetic fibers,
nylon is the one used the most. The primary benefit
of using nylon line is that the breaking (tensile)
strength of nylon line is nearly three times that of
manila line. An additional benefit of using nylon line
is that it is waterproof and has the ability to resume
normal length after being stretched and absorbing
shock. It also resists abrasion, rot, decay, and fungus
growth.

FABRICATION OF LINE

The fabrication of line consists essentially of three
twisting operations. First, the FIBERS are twisted to
the right to form the YARNS. Second, the yarns are
twisted to the left to form the STRANDS. Third, the
strands are twisted to the right to form the LINE.
shows you how the fibers are grouped to
form a three-strand line.

. YARNS

h"—-_“"_:/ FIBERS
3
STRANDS
Figure 4-1.—Fabrication of line.
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The operations just described are standard
procedure. The product produced is known as a
RIGHT-LAID line. The process is sometimes
reversed, then you have what is known as a
LEFT-LAID line. In either instance, the principle of
opposite twists must always be observed. One reason
for this is to keep the line tight or stable and prevent
the elements from unlaying when a load is suspended
on it. Another reason for twisting the elements of a
line in opposite directions is to prevent moisture
penetration.

TYPES OF LAYS OF LINE

There are three types of lays of fiber line with
which you should be familiar. They are the
HAWSER-LAID, SHROUD-LAID, and CABLE-
LAID lines. Each type is shown in[figure 4-2|

Hawser-Laid Line

Hawser-laid line generally consists of three
strands twisted together, usually in a right-hand
direction.

Shroud-Laid Line

Ordinarily, a shroud-hid line is composed of four
strands twisted together in a right-hand direction
around a center strand or core. This core is usually of
the same material but smaller in diameter than the four
strands. You will find that shroud-laid line is more
pliable and stronger than hawser-laid line. You will
also find that shroud-laid line has a strong tendency to
kink. In most instances, it is used on sheaves and
drums. This not only prevents kinking but also makes
use of its pliability and strength.

CABLE-
LAID LINE

Figure 4-2.—Lays of line.



Cable-Laid Line

Cable-laid line usually consists of three right-hand
hawser-laid lines twisted together in a left-hand
direction. This type is especially useful in heavy
construction work, because if it tends to untwist, it will
tighten any regular right-hand screw connection to
which it may be attached; hence, its use provides an
added safety feature.

SIZE DESIGNATION OF LINE

The size of a line larger than 1 3/4 inches (44.5
mm) in circumference is generally designated by its
circumference in inches. A 6-inch (15-cm) manila
line, for instance, would be constructed of manila
fibers and measure 6 inches (15 cm) in circumference.
Line is available up to 16 inches (40 cm) in
circumference, but 12 inches (30 cm) is normally the
largest line carried in stock. Anything larger is used
only on special jobs [(fig. 4-3).

Line 1 3/4 inches (44.5 mm) or less in
circumference is called SMALL STUFF, and size is
usually designated b y the number of threads (or yarns)
that make up each strand. You may find 6- to
24-thread small stuff, but the most common sizes are
9- to 21-thread [fig. 4-3). You may hear some small
stuff designated by name without reference to size.
One such type is MARLINE-a tarred, two-strand,
left-laid hemp. Marline is the small stuff you used the
most for seizing. When you need something stronger
than marline, use a tarred, three-strand, left-laid hemp,
called HOUSELINE.

MANILA LINE
SOME COMMONLY
USED SIZES *CIRCUMFERENCE NOMINAL
INCHES | MILUMETERS | DIAMETER
STTTTCTTTTTENXTY e V4 19.05 1/4
e~~~ asa=x) . 1 25.40 5/16
Es-=wvanswa~ 1-1/8 28.58 8
ESS=EsSSSS) 1-1/4 31.78 7/16
RRss ST a= FD 1-1/2 38.10 12
DOSISSC D | 1-34 44.45 9/16
TSSO | 2 50.80 58
L s | =y - N
[ X, =5, = . = 3 76.20 1
BaS= 31 4 1016 1-1/4
- 5 127.0 1-8/16
* SZE 1S DESIGNATED BY THE CIRCUMFERENCE
SWNP0162

Figure 4-3.—Size designation of line.
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If you ever order line, you may find that you have
to order it by diameter. The catalog may also use the
term rope (rather than line).

ROPE YARNS for temporary seizings,
whippings, and lashings are pulled from large strands
of old line that has outlived its usefulness. Pull your
yarn from the middle, away from the ends, or it will
get fouled.

HANDLING AND CARE OF
FIBER LINE

If you expect the fiber line you work with to give
safe and dependable service, make sure it is handled
and cared for properly. Procedures for the handling
and care of fiber line are as follows:

< CLEANLINESS is part of the care of fiber line.
NEVER drag a line over the ground nor over rough or
dirty surfaces. The line can easily pick up sand and grit
that can work into the strands and wear the fibers. If a
line does get dirty, use water only to clean it. Do NOT
use soap because it takes oil out of the line.

= AVOID pulling a line over sharp edges because
the strands may break. When you have a sharp edge,
place chafing gear, such as a board, folded cardboard or
canvas, or part of a rubber tire, between the line and the
sharp edge to prevent damaging the line.

< NEVER cut a line unless you have to. When
possible, always use knots that can be untied easily.

Fiber line contracts, or shrinks, if it gets wet. If
there is not enough slack in a wet line to permit
shrinkage, the line is likely to overstrain and weaken.
If a taut line is exposed to rain or dampness, make sure
that the line, while still dry, is slackened to allow for
the shrinkage.

When nylon line is properly handled and
maintained, it should last more than five times longer
than manila line subjected to the same use. Nylon line
is also lighter, more flexible, less bulky, and easier to
handle and store than manila line. When nylon line is
wet or frozen, it loses little strength. Additional vy,
nylon line is resistant to mildew, rotting, and attack by
marine borers.

If a nylon line becomes slippery because of grease,
it should be cleaned with light oils, such as kerosene
or diesel oil.



Uncoiling Line

New line is coiled, bound, and wrapped in burlap.
This protective covering should not be removed until
the line is to be used because it protects the line during
storage and prevents tangling. To open, remove the
burlap wrapping and look inside the coil for the end
of the line. This should be at the bottom of the coil.
If it is not, turn the coil over so that the end will be at
the bottom. Pull the end of the line up through the
center of the coil As the line comes up
through the coil, it will unwind in a counterclockwise
direction.

Uncoiling Nylon Line

Do not uncoil new nylon line by pulling the ends
up through the eye of the coil. Avoid coiling nylon in
the same direction all the time, or you could unbalance
the lay.

Making Up Line

After the line has been removed from the
manufacturer’'s coil, it may be MADE UP (that is,
prepared for storage or for use) by winding on a reel.
It may also be made up by cooling down, faking down,
or blemishing down.

To COIL DOWN a line simply means to lay it in
circles, roughly one on top of the other [fig. 4-5). Line
should always be coiled in the same direction as the
lay-clockwise for right lay and counterclockwise for
left lay. When a line has been coiled down, one end
is ready to run off. This is the end that went down last

RIGHT-LAY ROPE-
UNCOIL FROM INSIDE,
IN COUNTERLOCK-
WISE DIRECTION
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UNCOILING A NEW COIL OF FIBER ROPE

Figure 4-4.—Uncoiling line.
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RIGHT-LAY ROPE-
COIL IN CLOCKWISE
DIRECTION

COILING OF A FIBER ROPE AFTER BEING USED

Figure 4-5.—Colling down line after use

and is now on top. If, for some reason, the bottom end
must go out first, you will have to turn your coil over
to free it for running.

Whipping a Line

The term whipping refers to the process of
securing the ends of a line to prevent the strands
from unlaying and the yams from separating or
fraying. It will not increase the size of the line
enough to prevent the fitting of the blocks or
openings through which it must pass. Whippings
are made with fine twine.

shows the steps to follow in applying
a whipping. Make a loop in the end of the twine and
place the loop at the end of the line, as shown in the
figure. Wind the standing part around the line
covering the loop of the whipping. Leave a small loop
uncovered, as shown. Pass the remainder of the
standing end up through the small loop and pull the
dead end of the twine, thus pulling the small loop and
the standing end back towards the end of the line
underneath the whipping. Pull the dead end of the
twine until the loop with the standing end through it
reaches a point midway underneath the whipping.
Trim both ends of the twine closeup against the loops
of the whipping.

Before cutting a line, place two whippings on the
line 1 or 2 inches apart and make the cut between the
whippings, as shown in[figure 4-7] This procedure

prevents the ends from untwisting after they are cut.
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Figure 4-6.—Whipping a line.

Figure 4-7.—Cutting a line between whipping.

Inspecting Line

The exterior appearance of fiber line is not always
a good indication of its internal condition. Line
softens with use, and dampness, heavy loads, fraying,
breaking or broken strands, and dragging over rough
surfaces all contribute to line weakening and failure.
Also, overloading a line can cause it to part and heavy
damage to material, equipment, and serious injury to
personnel can result. For these reasons, line should be
inspected carefully at regular intervals to determine
whether it is safe for use.

The interior of a line can be checked by untwisting
the strands slightly. Line that is mildewed gives off a
musty odor. Broken strands or yams usually can be
spotted immediately by a trained observer. You will
want to look carefully to ensure there is no dirt or
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sawdust-like material inside the line. The presence of
dirt or other foreign matter indicates possible damage
to the internal structure of the line. In line having a
central core, the core should not break away in small
pieces upon examination. If this occurs, it indicates
that the line has been overloaded. Additionally, a
decrease in line circumference is usually a sure sign
that an excessive strain has been applied to the line.

For a thorough inspection, a line should be
examined at several places. After all, only one weak
spot—anywhere in the line-makes the entire line
weak. As a final check if the line appears to be
satisfactory in all aspects, pull out a couple of fibers
from the line and try to break them. Sound fibers show
a strong resistance to breakage.

If an inspection discloses any unsatisfactory
conditions in a line, destroy it or cut it into small pieces
as soon as possible. This precaution will prevent the
possibility of the defective line being used for hoisting
purposes, but save the small pieces for miscellaneous
uses on the jobsite.

As with manila, nylon line is measured by
circumference. Nylon, as manila, usually comes on a
reel of 600 to 1,200 feet, depending upon the size.

Storing Line

When fiber line is to be stored, certain precautions
must be taken to safeguard the line against
deterioration. A line should never be stored when wet.
Always dry the line well before placing it in storage.

After being used, a line should be coiled down in
a clockwise direction (assuming it is a right-hand lay).
Should the line be kinked from excessive turns,
remove them by the procedure known as “thorough
footing.” This is accomplished by coiling the line
down counterclockwise and then pulling the bottom
end of the coil up and out the middle of the coil. If the
line is free of kinks as it leaves the coil, make it up in
the correct manner. If the line is still kinked, repeat
the process before making up the line for storage.

Where you store line deserves careful considera-
tion. Line deteriorates rapidly if exposed to prolonged
dampness; therefore, it is important that the storage
area is dry, unheated, and well-ventilated. To permit
proper air circulation, place the line in loose coils on
a wood grating platform about 6 inches ( 15 cm) above
the floor. You can also hang the line in loose coils on
a wooden peg. Avoid continuous exposure of line to
sunlight because excessive sunlight can damage the



line. Do not store nylon line in strong sunlight. Cover
it with tarpaulins.

As a final precaution, line should NEVER be
exposed to lime, acids, or other chemicals, or even
stored in a room containing chemicals. Even the
fumes may severely damage the line.

STRENGTH OF FIBER LINE

Overloading a line poses a serious safety threat to
personnel It is also likely to result in heavy losses
through damage to material and equipment. To avoid
overloading, you must know the strength of the line
with which you are working. This involves three
factors: breaking strength, safe working load, and
safety factor.

Breaking Strength

The term breaking strengfh refers to the tension at
which the line will break apart when an additional load
is applied. The breaking strength of the various lines
has been determined through tests made by line
manufacturers, and tables have been established to
provide this information. In the absence of a
manufacturer’s table, a rule of thumb for finding the
breaking strength of manila line is as follows:

C squared x 900 = BS

In this rule, C = circumference in inches and BS =
breaking strength in pounds. The circumference is
squared and the figure obtained is then multiplied by
900 to find BS. With a 3-inch line, for example, you
will get a BS of 8,100 pounds. This was figured as
follows:

3 x3x900=8,100 Ib

When the line is measured in centimeters, the
breaking strength can be figured in kilograms. The
same eq