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PREFACE

;1 The ultimate nurpose of training Naval personnel is to produce a

% combatant Navy which can insure victory at sea. A conscquence of the
‘, . quality of training given them is their superior state of readiness. Its result is
S a victorious Navy. : S
A This Rate Training Manual and Nonresident Career Course
- (RTM/NRCC) form a self-study package that will enable Steelworkers First
| " and Chief help themselves fulfill the requirements of their rating. They direct
- and coordinate efforts of individuals and crews in cutting, welding, placing
| and erecting rigid frame and other pre-engineered buildings, structures, and
-~ tanks; lay out, cut, bend, and place reinforcing steel; maintain records and
23 reports on job progress and material estimates; and supervise and coordinate
< all rasks assigned 10 a unit.
% Designed for individual study and not formal classroom iastruction, the
-, RTM provides subject matter that relates directly to the occupational
i' < standards of the Steelworker rating. The NRTC provides a way of satisfying

= the requirements for completing the RTM. Assignments in the NRCC

g include learning objectives and supporting items designed to lead the student
. through the RTM.
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THE UNITED STATES NAVY

GUARDIAN OF OUR COUNTRY

The United States Navy is responsible for maintaining control of the
sea and is a ready force on watch at home and overseas, capabie of
strong action to preserve the peace or of instant offensive action to
win in war.

It is upon the maintenance of this control that our country’s glorious
future dependz; the United States Navy exists to make it’so.

WE SERVE WITH HONOR

Traditicn, valor, and victory are tne Navy’s heritage from the past. To
these may be added dedication, discipline, and Vlgllanue as the
watchwords of the present and the future.

At home or on distant stations we serve with pride, confident in the
respect ot our country, our shipmates, and our famiiies.

Our responsibilities sober us; our adversities strengthen us.

Service to God and Country is our special privilege. We serve with
honor.

THE FUTURE OF THE NAVY

The Navy will always employ new weapons, new techniques, and
greater power to protect and defend the United States on the sea,
under the sea, and in the air.

Now and in the future, control of the sea gives the United States her
greatest advantage for the maintenance of peace and for victory in
war,

Mobility., surprise, dispersal, and offensive power are the keynotes of
the new Navy. The roots of the Navy lic in a strong belief in the
future, in continued dedication to our tasks, and in reflection on our
heritage from the past.

Never have our opportunities and our responsibilities been greater.

S
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CHAPTER 1

ADMINISTRATION

As an SWI or SWC, you will have many
1esponsibilities added to those which you had as
« second class petty officer. You have acquired a
lot of valuable knowledge and now it is vour
turn {9 pasy on the technical know-how- of your
job 10 others. In addition to supervising and
tratming lower rated personnel, you must be able
to perform vanious administrative duties, such as
prepaning offival correspondence, maintaining
company records and reports, and administering
a company accident prevention program.

The type of activity to which you are
assigned will determine just how you carry out
your administrative responsibilities. But, the
ability to plan and organize your work, to apply
effective techniques of supervision, and get
along with people will help you succeed in the
Navy nomatter to what activity you are assigned.

RECORDS AND REPORTS

As you advance in rating, you can expect
your Jub to require an increased amount of
paperwork. [f you have to spend a lot of time
Jdomg paperwork, you may want (0 assign an
assistant to handle part of it; you will be respon-
stble, however, for seeing that the work is done
right. Keeping all your records and reports up to
date will enable you to keep a close check on
cach job, each crewmember, and each piece of
equipment under your supervision. Records and
reports provide a means of checking the ac-
complished job progress against the planned-job
progress. They summarize the experience gained
on the present project, and are valuable in plan-
ning and scheduling future projects.

Your activity will have standard forms for
heeping some of the required records and for

making certain supply transactions; for exam-
ple, job orders, work requests, and requisitions.
In addition, forms used for records and reports
often are designed locally and are likely to differ
from one activity to another. At most activities,
you will find it advantageous to maintain logs,
notebooks, charts, and so on, of your own
design to met specific needs. Some of the com-
mon types of records and reports with which you
may be concerned, as a supervisor, will be
discussed in this chapter.

WORK PROGRESS LOG

A work progress log is a record of all current
and completed work accomplished by your shop
or crew and each person assigned to it. You can
design your own worh progress log or it can be
supplied by your activity. In any event, it should
contain the following information for cach job:

The job order number.

The date the job order was received.
The name of the unit requesting the work.
A brief description of the job.

The names of the personnel assigned to
work on the job.

The total number of man hours required
1o complete the job.

bW N -

o

JOB PROGRESS LOG

A job progress record sheet is used 1o present
the status of all work being performed currently
in the shop. At some activities, a progress record
sheet like figure 1-1 is made up at the close of
each working day and submitted to the division
office; a similar record sheet may be submitted
to show progress on projects in the field. On the
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Figure 1-1.-=Job order progress record sheet.

record sheet, all uncompleted job orders are
listed by number. A brief description of each job
also is given, together with the date the job order
was received. A chart is provided to indicate the
percentage of work completed on each job.

MATERIAL EXPENDED RECORD

A materia) expended record is used to keep
track of the status of materials. However, such a
record is worthless unless faithfully maintained.
This record can best be kept in a notebook hav-
ing a separate section for each type of material
your shop uses. The information on a material
expended record should include the date
material is received, the amount of material
received, the date material is expended, the
amount of material expended, the order number
of the job on which the material is used, and the

o

balance of the material remaining on hand.
Figure 1-2 shows a suggested method of logging
this information,

EQUIPMENT LOG

As the shop supervisor, you should keep an
equipment log listing all portable tools for which
you are accountable and showing where they are
located (shop, storeroom, or toolroom) or o
whom assigned. An equipment log, kept up to
date, with adequate tool descriptions (make,
model, and serial number) will help you in mak-
ing periodic inventories.

DAILY MAN-HCUR REPORT

At some activities, you may have (o submit a
daily man-hour report. This report gives an

10
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STEEL, SHEET, GALV.- Z0CA6F (0357) - /656 LB FER Sa.FT.

RECEIVED EXPENDED BALANCE

DATE | AMOUNT | DATE| AMOUNT | J.0% DATE| AMOUNT
p1s—| 240 SQ.FI

#-13— | 240 sa.Fr

Hts —| 48 s0.Fr| ro0-70
forS— 192 5@. Fr
(% SHTS- 36by56)

gty —| S 5@ FI SHOPUPKEEP

(/05#&51;5 >6 5y% sety—\ (87 S@ . FT

ORDERED #-2/°70
24 ~\ 130 5@ FT| 17-70
wf—| 67 SRF7T

&5 240 Ss&.FI- 5 —| 307 S@ FI°

135.47
Figure 1-2.—Page from 2 material expended record.
&
overall picture of the way in which the working
day is spent. A sample of a daily man-hour
report is shown in figure 1-3. DAILY MAN-HOUR REPORT
In fieldwork, you will probably have to sub- sHOP /_Zc_z ?%” f#,é"
mit project reports to show completion of con- DATE 2-3—-
struction projects. The report in figure 1-4 NUMBER OF MEN 7/ TOTAL mAN-HOURS £

illustrates the type of information generally re-

. . . MAN-HOURS EXPENDED:
quired in a project report.

JOB8 ORDERS %0
TRAINING L6
OFFICIAL CORRESPONDENCE SPECIAL DETAIL X4
; SICK BAY —0
On occasion, you may be expected to com- a
pose official correspondence, perhaps only from SPECIAL LIBERTY -
P ’ ps SHOP UPKEEP —a

brief notes or oral instructions. Official cor-
respondence in its true sense encompasses all TOTAL MAN-HOURS EXPENOED B
recorded communications, including messages. MW’Y\—/

In general, official outgoing correspondence S'GNEQ-QA/ Swc
is prepared only in the rough at the department
level and is “‘chopped’’ to the executive officer
or the administrative assistant for approval and

preparation in the smooth for the commanding 18.4
officer’s signature. Figure 1-3.—Daily man-hour seport.
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EXAMPLE OF PROJECT REPORT*
. SIZEOF| Davs 1O | WORKING | vqy g T0TAL
~ORKITEM crew |comereTe ”ouo’;sy"“ MAN-DA YS| MaN-HOURS REmaxs
' P PELINE
COUPLING 6.INCH P PE 4 1; 10 6 &0 PERY.MILE P PELINF
#TLDING 8.INCH PIPE 3? i 10 39 30 PER 1.MLE PIPE L NE
2 PUMPING STATION 6.INCH PIPELINE [} " AR 88 660 COMPLETE wiTH MANIFQ' Oy PIPING
AND FUEL TANK
) TANK ERECTION
250.-BARREL [ 4 7 24 148
1 J0C-BARREL ¢ 1 9 66 LXX
3,000-BARRE L . . 16 8 9 128 1182
12,000-8ARRE L 14 18 9 288 2,542
4 ARRFIECD DISTRIBUTION 5YSTEM 24 107 12 2,448 29,376 SOHARZSYAND CUTLE™Y
S OAIRFIELD TRUZIK FriL SYSTEM . S 3 10 15 150 IELU NG STATIONS
¢ WATER.TEST NG LINE . 10 10 9 100 900 PER 1L ML FS

T #GRK SUPERV,SCRY ARE NOT INJLUDED 'N CREW SiI2€ OR MAN.HOURS

“
-

Figure 1-4.—Example of a project report.

STANDARD NAYVAL LETTERS

Figures 1-5 and 1-6 illustrate the standard
naval letter i thashed form. When prepating
wortespondence in the rough, always double
spdee the text o allow for correctiqns or in-
seitions by reviewing officers. Before starting
the letter, find out from the drafting officer (you
may physially prepare the draft, but the officer
is responsible for the fimshed product) whether
it 15 1o be classitied. 11 so, the classification must
appuat near the top and bottom of each page.
Note the adentification and indentation of
paragraphs and subparagraphs. The drafting of-
ficer will have 1o determine who the “‘via’® and
oopy 1077 addressees (if any) are to be. There
are two important rules of thumb: (1) references
shown in the heading of the letter should be
mentoned (i Jhronological order) within the
text at least once, and (2) unless they are very
Jdosely related, do not cover two subjects in one
letter. The latter practice can result in ad-
minstrative contusion when replies are required.

When preparning correspondence, bear in
nund that the usual purpose of Navv mail is to
provide the reader with concisely stated infor-
mation, If you turn out a confused, rambling,
tepetiivus, or needlessly lengthy masterpiece of
semantic purity, you only create an editing chore
for the drafung officer—and you may wind up
domng the whole thing over.

Before starting the ietter, be sure yvou undet-
stand exactly what the letter 45 to accomplish,
‘Tuen, its organization becomes essentially siti-
ple. The first paragraph should state the puipose
of the letter; the following paragraph(s) eaplain
circumstances and state the action (gives ordets,
make requests, give consent, or retuse perny
sion).

When the letter 1< in answer o1 dosely related
to another letter, the first senience should refer
to that letter. For example: *“1. Reference (a) 1e-
quested information about the allowance hsts
for the next 3 fiscal years. Refuerence (b) pointed
aut that such information is available for only 2
years in advance. . ."

The usual causes of confusion and rambling
in a letier are—

1. Failure tp follow the basic pattern (pur-
pose, circunistances, action),

2. Inclusion of more than g single idea 1n g
senlence, more than one central thought in a
paragraph, or more than a single subject in g
letter. .

3. Failure to consider the readers (can the
letter be misinterpreted?).

In letters of average length, cach sigmficant
unit may be one paragraph, although there s no
rule about this; cxplaining the reasons why
something should be done may take more than
one paragraph, while other letters are so simple
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' DEPARTMENT OF THE NAVY

HEADQUARTERS NAVAL MATERIAL COMMAND -

- WASHINGTON, D.C 20360 #IN REPLY REFER TO :

PBX :ABC:PLM

. #5216
. = 5 Jan 19—
#AIRMAIL
. #From: Chief of Naval Haterial
& To: Commander, Portsmouth Naval Shipyard

#Yia: Commander, Naval Ships System Cormand

Subj: Correspondence practices; recommendations of NAVMAT team
concerning

. *Ref: (a) NAYMAT 1ltr PBX:ABC:PLM of 1 Jan 19~ to COMONE
(b) FONECON batween Mr. Dial, NAVMAT, and Hr, Davis,
Portamouth, 3 Jan 19—

aEncl: (1) MAVMAT survey team report of Portsmouth Naval Shipyard
(2) (SC) Department of the Navy Correspondence Manual
(2 copies)

1. In response to refersnce (a), the findings of the Headquarters,
s Naval Material Command survay team are provided in detail in
enclosure (1). The information on correspondence practices in this
letter and in the sccompanying matsrisl are sutmitted at the requost
of the Administrative Officer of the Portsmouth Naval Shipyard.

2. The copies of the Department of the Navy Correspondence Mamual
(enclosurs (2)), which are forwarded under separats cover, =ay be,
retained for your usa.

3. This letter As specifically designed to ba used as a guido to
the procedures contained in the NAVMAT team roport, and in
accordance with referance (b). Few lsttors will contain as rany
parts as this one; howsver, the genoral arrangement s the saza,
regardleas of the nuxber of elexants in a letter or its length.

&. The identification symbols, and, if any, ths poatal
instructions, the classification, and the "from® line, aro fixsd
in thoir relativo positions.

b. The positions of the other headings depend on the mmber
of lines required for each entry:

(1) Betwoen the “from" line and the “to" line, and the "to®
line and the "via® line, if any, there is no blank 1line.

[ * INDICATES ITEMS THAT MAY NOT BE -coume

'éw.?
- - Figure 1-5.—Standard naval letter.
1-5
Q
l U)

L.
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PBX:ABC:PIN
#5216
*5 Jan 19—

*5ubj: Correspondence practices; recommendations of NAVMAT leax
concerning

(2) Between 2ll othor heading entries, and between the last
heading entry and the body of the letter, tnere is a blank line.

4o The month may be abbreviated or spelled in full. The date may
be sither typed or stamped.

PETER L. MURPHY
*By directicn

*Copy to:
CNC
COHONE

*Blind copy to: .
(List of information addressees not shown on the originalj
(Appears on copies retained in department or headquarters only)

Prepared by:
(Drafter's name ard organization, *rocz number, ard telephone
extension, and date of typing)

(Appears on file copies only)

¥

[Twowcares weus rrar uav wor e mequineo |

95.17
Figure 1-6.—Standard naval fetter—Continued,

1-6
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that a single paragraph makes up the cntire
body. The important thing for the writer is to
(1) arrange the units in what seems the mos!
salisféclory order, (2) comnlete each unit betore
moviqg on to the next, and (3) maimtain con-
tinutty by providing transiion from one uiit to
another.

When you prepare the first draft, do nut
worry too much about the tiished product. Get
something on paper. You can go over it later for
errors, clarity, and good order. If possible, let
the firs: draft cool for awiile and occupy your
mind with other matters before going over it
again. This practice tends to make you more ob-
jecive—you will find flaws not apparent to you
earlier. Delete unnecded words, cut down the big
ones, take out the intensives (very much, ex-
tremely), ecliminate unnecessary introductony
phrases such as *‘it is to be noted™ and “we call
your atiention to the fact that.”” and avod
repetition.

MEMORANDUMS

Although there are variauons ot the torin o
naval correspondence called a memorandum,
the one most frequently utilized is the ssmple
“From-To"" type between subordinates within
the same activity.

A preprinted Department of the Navy
Memorandum (short or long) form 1 available,
or you may use a plain or letterhead (when the
memorandum is addressed outside the ergamyza-
tion) sheet of paper. When using other than the
preprinted form, type “*MEMORANDUM™
capital letters at the left margin. Two spaces
below that type **From:”’ and proceed as you
would for a naval letter. For very informai com-
munications, memorandums may be hand-
written.

Vanations of the **From-To” style mclude
the “*Memorandum For”’ and ''2-Way Letter-
Memo’ types. The former is used between high-
level officials within the Department of Defense.
The **2-Way’ incorporates the etficiencies ot a
preprinted format and preinserted carbon, it is
employed only for communications that requise
a reply.

SPEEDLETTERS

A speedletter i used for an urgent com-
municetion that does not require ¢lectrical
transmussion. It v prepared on a standard,
preprinted form promingntly marked across the
top with NAVAIL. SPEECLETTER in large let-
ters. Unlike other types of correspondence, an
entra copy 1s provided the addressee so that they
may treply on the speédletter (copy) itselt.

The main purpose of the speedletter format
is 1o wall attention to the communication so that
it will be given priority handling by the ad-
dressee. To this end, a special speedletter
envelope is available to insure that mail handlers
gnne the speedletter immediate attention.  If
a regular envelope must be used, it should
be  consprcuously  marked with the woid
“SPEEDLETTER' n capital letters.

With some vanations, a  speedletter s
prepated 1n much the samie way as a naval letter
(except that if time s critcal, the speedletter
may be handwnitten). Idenufying blocks take
catt Ul niust vt the mtorimation noimaily placed
at the top of o standard letter down through the
10" lue  Theretore, unless **Subj’ and
*Ret™ lines ».¢ used, the writer places nothing
in the textual portion of the speedletter torm ex-
cept the tent atself, the signature, a list of
enclosures, if any, and, if needed, downgrading
and classtheanon data,

MESSAGES

A message 1s a written thought or idea, ex-
pressed brietly and to the point, and prepared
for transmssion by the most suttable means of
telecommunication.

The onginator of a message 1s the command
by whose authonty the message is sent. The
dratter—usually the communications officer or
a department head—is the person who actually
composes the message for release. The releasing
otficer authorizes transmission of the message
for and i the name of the ongiator. Usually
ihe commanding officer s releasing officer, but
mav delegate the releasing authorty,

Q
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Basic Message Format

With few exceptions, military mezsages sent
by electrical telecommunications are arranged in
a basic naval message format. See figure 1-7.

Communications requiring expeditious
delivery are prepared for transmission as brief,
concise messages with a message heading and a
message text.

Heading

Figure 1-7 shows which parts of the heading
must be completed. Although you do not fill in
the date/time group block, you need to under-
stand how to read this information.

The date/time group is expressed as six digits
with a zone suffix, plus an abbreviated month
and a two-digit year. The first pair of digits
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Figure 1.7.—Format for nasal message.
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(080005Z AUG 81) denotes the date of the
month, the second pair (080005Z AUG 81) the
hours, and the third pair (0800052 AUG 81) the
minutes, followed by a capitalized letter which
indicates the time zone. For standardization, all
naval communications use Greenwich (Z) time.
Duplicate date/time groups should not be used
by the same originator during any one 24-hour
period. Normally, the time included in the date/
time group is the time at which the originator
delivered the message to the communications
center for transmission. All numerals in ab-
breviated titles used 1n naval messages are
spelled out.

Text

The text of a naval message is prepared as
shown in figure 1-7. Notice that the message
paragraphs-are numbered, except for short, one-
paragraph messages. Subparagraphs are in-
dented and lettered or numbered as appropriate.
If the message is classified, it is marked with the
proper downgrading/declassification markings.
The number of characters and spaces on a line is
sixty-nine.

Short titles or abbreviations are not used in
the text if the message is addressed to a Member
of Congress, a commercial concern, or a non-
military address.

The following punctuation marks or symbols
may be used to enhance clarity within the
message text:

Hyphen (-)

Question mark (?)
Colon (2)

Dollar sign (3)
Apostrophe ()

A mpersand (&)
Parentheses (left and right) ()
Period ()

Comma (,)

Vergule (or sfant) (/)
Quotation mark ('")
Number symbol (#)

Symbols that may NOT be used in a naval
message are:

“AL” sign (@)

Percent (%)

Fractions (1/2, 1/4, et cetera)
Asterisk (*)

Underscore {_.)

Cent sign (¢)

ADMINISTERING A COMPANY
ACCIDENT PREVENTION PROGRAM

Each command is required to establish a
safety organization to develop, organize, and
direct a comprehensive accident prevention pro-
gram and to provide for the promulgation and
enforcement of safety precautions and safe con-
struction techniques. The safety program is
usually under the direction of a SAFETY
OFFICER, designated by the commanding of-
ficer. The safety officer has the authority to take
immediate steps to stop any operation where
there is impending danger of injury to personnel
or damage to equipment >r material.

The safety officer lays out the safety pro-
gram after conducting _|ob analyses and con-
sultations with the supervisors in charge of the
various phases of construction.

Under the direction of the safety officer, and

with the assistance of the safety chief, each com-
ﬁ%dny is required to administer an accidént
prevention program. As an SW1 or SWC, you
may be appointed to administer C or D Com-
pany’s accident prevention program.

SUPERVISION AND SAFETY

Safety and production go hand in hand.
Supervisors should consider the safety, health,
and physical welfare of their personnel as one of
their chief responsibilities.

In teaching a new job or operation, always
emphasize the safety measures that apply. In
planning your jobs, make sure you keep safety
in mind; do NOT wait until after an accident to
teach safety. Remember that a lost-time injury
means a nonproducer, and a high-accident rate
certainly will NOT reflect favorably upon your
ability to supervise. To show concern over the
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health and physical welfare of your
rewmembers not only will pay off in pro-
dudtion, but also will enable you to earn their
respect.

Some pointers that will be useful in pre-
venting accidents are outlined below:

A. Size up the job.
1. Analyze the job and spot the hazards.
2. Review the previous accident experi-
ence on the job.
3. Get help, if needed, from your project
officer.
B. Plan to conirol the hazards.
I. Weigh means for controlling the
hazards.
2. Select the nght methods and the right
personnel for the job.
3. Decide on the proper tools and

equipment.
4, Check for protective equipment
needs. .

C. Work vour plan.

1. Make specific work assignments and
give instructions.

2. Check to see that everyone under-
stands what is expected of them and
that they do it.

3. Remove hazards or protect the crew
against them.

4. Insist on safe practices.

D. Check results.

1. Was the plan followed?

2. How could the plan have been im-
proved?

3. What hazardous LOHdIlIOnS or work
practices, 1f any. need further
attention?

SAFEGUARDS AND
SAFETY EDUCATION

Many supervisors feel that it is only
necessary (o provide safeguards, then safety will
take care of 1 elf. Provision of safeguards is a
move in the right direction, but it alone will
NOT get good results. To maintain a good

safety record, you, as the supervisor, need to
employ a comuination of safety devices and
safety training. If all your crewmembers have had
sound safety training, they will be able to guard

against even those hazards »here safety devices
are impracticable. You must, however, train
them in the use of safeguards, explaining why, as
well as how, they should be used. How many
times have you seen a crewmember shut off the
power on a machine and then walk away from it
before it has stopped turning? Such a person
uses a safeguard, but does not know why. By
providing the necessary training, you, as an alert
supervisor, must make sure that such careless
uses of safeguards do NOT happen again.

Standup safety meetings should be held in
the field once every week. The meeting should be
held at or near the work area. Instead of a
routine safety lecture, it is much betier to hold a
group discussion on specific accidents that are 1o
be guarded against or that may have happened
in the unit. Crewmembers should be encouraged
to express their ideas. A group conclusion about
how specific accidents can be prevented should
be reached.

Another type of safety meeting is one in
which you present a safety problem that has
developed because of new work or new equip-
ment. Again, crewmembers should be invited to
express their ideas.

A third type of safety meeting is one in wthh
actual demonstrations and practices by the
group are carried out. You might demonstrate
how to lift, and then have the crew practice
lifting. Also, to make the reason for lifting in
this manner more realistic, a little lesson on the
classes of tools and a little problem in ratio and
proportion should prove interesting.

If you are demonstrating how (o use a
forklift—bring in a forklift and use it—do NOT
just talk about how to use it. Then, again, let lhe
crew practice,

Making these meetings interesting is of the
utmost importance. You should not complain or
scold, and the meetings should be limited in
time. The subject matter should be thought out
carefully in advance, and it should be timely.
Considerable ingenuity is required 10 keep these
meetings from degenerating into dull routine af-
fairs. Some supervisors have the crewmembers
themselves rotate as leaders of the safety
meetings—an excellent way to maintain interest.
Hundreds of good motion pictures and other
visual aids are available on safety subjects. Use
them!
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As company safety administrator, you are re-
quired to submut safety meeting reports
periodically to the safety chief. You must keep a
record of all meetings conducted within the com-
pany. Information required for this report will
include the topies discussed, the number of per-
sonnel attending, and the length of the meeting.

SAFETY INSPECTIONS

To do your part in the administration of the
safety program, you must know the safety
precautions which apply to the various types and
phases of construction involving personnel and
equipment. Furthermore, you must carry out the
recommendations of the safety officer, which
usually- include the following:

I. Promulgate and enforce all safety regula-
tions.

2. Instruct and drill your crewmembers in
safe practices.

3. Caution your crew with regard to oceupa-
tional hazards.

4. Inspect work areas regularly.

5. Assign crewmembers 10 jobs that are not
beyond their techmical and physical capabilities.

" 6. Report acadents, analyze them, and

recommend appropriate action to prevent recut-
rence.

ACCIDENT REPORTING

When an acadent occurs i youwr shop, of-
fice, or within your crew, you must fill out an
OPNAY Form 5102, 1 Acadental Injury, Death
Report (higures 1-3 through 1-11). This form
provides a method of recording the essential
facts concermng an accident, from which data
for use 1in acaident prevention can be compiled.
Item 33—‘‘Corrective action taken/recom-
mended” —is the most important part of this
report. Your response to this item provides a
clue to your attitude toward safety. Too many
supervisors respond with *“The crewmember was
warned 10 be more careful.'’ Such a response is
useless since 1t does not tie in with the rest of the
report. If an unsafe working condition is the
cause of the acudent, you will NOT correct it by
warning the ccwmember to be more careful.
Study the report; analyze it; then take corrective

action. When properly used, this report is one of
your best accident prevention tools. In many
cases, the difference between a minor accident
and a major one is a matter of luck. Do not
ignore accidents that result ia small cuts and
bruises; investigate the reason for them and cor-
rect the causes. If you do this, you will have a
safe and efficient shop or office.

ACCIDENT INVESTIGATION

Before filling out OPNAYV Form 5102/1, you
must conduct an accident investigation to get
an ers to questions, such as those in the six
categories below,

1. Unsafe conditions. Was the equipment
improperly guarded, unguarded, or in-
adequately guarded? Was the equipment or
material rough, slippery, sharp-edged, decayed,
worn, o1 cracked? Was there a hazardous
arrangement, such as congested work space,
lack of proper lifting equipment or unsafe plan-
ning? Was the proper safety apparel being
worn? Were the proper respirator, goggle,
gloves, ete., provided?

2. Type of accident. Did an object strike the
person? Did the person fall at the same level or a
different level or get caught betweert objects, or
slip (not fall)?

3. Unsafe act. Was the crewniember
operating a machine without proper authoriza-
tion or working at an unsafe speed, that is, to6
fast or too slow? Was a safety device inade in-
operative, that is, blocked out or removed? Was
the load made unsafe or were tools or equipment
put in an unsafe place where they would fall?
Did someone fail to wipe oil, water, grease,
paint, etc., from working surfaces? Did the in-
jured crewmember take an unsafe position of
posture, or lift with a bent back or while in an
awkward position, or lift jerkily, or ride in an
unsafe position on a vehicle, or use improper
means, of ascending or descending? Was the in-
jury caused by failure to wear the provided safe
attire or personal protective devices, such as
goggles, gloves, masks, aprons, or safety shoes?

4. Unsafe personal factor. Was the person
absent-minded or inattentive, unaware of safe
practices, unpracticed, of unskilled, unable to
recognize or appreciate the hazards? Did the
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person fail to understand nstructions, regula-
tions, or safety rules, willfully disregard instruc-
tions or safety rules, have a bodily defect, such
as poor eyesight, defective hearing, or a hernia?
5. Type of ingury. Was the injury sustained a
cut, bruise, sprain, strain, hernia, or fracture?
6. Part of body affected. Did the injury in-
volve an arm, leg, ribs, feet, fingers, head, etc.?

These categories suggest some of the things
(not all) you must investigate and report when
accidents occur. Remember there are some ques-
tions in these categories that request medical in-
formation which can only be obtained from a
doctor. Each accident is aifferent, and cach
should be investigated and judged on its own
merits. Do not Jump to conclusions. Start each
investigation with an open mind. The most im-
portant reason for any dccident investigation is
prevention of a similar accident.

THE PERSONNEL READINESS
CAPABILITY PROGRAM (PRCP)

The Personnel Readiness Capability Pro-
gram (PRCP) is a management tool now used
throughout the active and reserve Naval Con-
struction Force (NCF). Its purpose is to provide
managers at all levels of the NCF with timely
personnel information which will increase their
capabiliies in plannu _, decision making, and
control.

Before PRCP was developed, personnel in-
formation was hept on an ‘‘as regusred’’ basis
by various members of the unit in personal
notebooks, files, and records. This information
was collected as management required it (o
determine military and construction capabilities,
training requirements, logistics support, etc. The
collecting of this information was usually a time-
consuming, laborious task that required a
piecemeal inventory of the command’s
capabihties or requirements. Another way of
getting this information was through the use of
rough estimates. Neither way, however,
produced the accuracy or rapid response
desired. PRCP has helped 1o do so by
establishing standard procedures for identifying,
collecting, processing, and utihizing this infor-
mation,

The Personnel Readiness Capability Pro-
gram requires cach participating command to
gather and continuously update information on
each member of the unit. Most of this informa-
tion concerns skills acquired through actual job
experience or through some type of training pro-
gram. Other information, such as expiration of
enlistment or rotation date, is required for ac-
curate planning. The gathering of this other in-
formation is called a SKILL INVENTORY.

SKILL INVENTORY

An accurate and current skill imventory is the
backbone of PRCP. Without it, the reliability of
any planning based on information stored in the
PRCP DATA BANK is questionable. Presently,
all PRCP skills and other data are based on re-
quirements established by COMCBPAC and
COMCBLANT and promulgated in their joint
instruction of the 1500.20 series. Additionally,
these skills have been conveniently classified into
five major categories:

(1) Individual General Skills. These are
essentially nonmanipulative skills (knowledge)
related to two or more ratings, such as construc-
tion inspection, planning and estimating, and
safety inspection.

(2) Individual Rating Skills. These are
primarily manipulative skills associated with one
of the seven Occupational Field 13 (Construc-
tion) Ratings. Some examples are: light frame
construction for Builder, cable splicing for Con-
struction Electrician, and shore-based boiler
operation for Ultilitiesman.

(3) Individual Special Skills. These are
technical skills performed by several ratings, in-
cluding those other than Occupational Field
13’s. For example: forklift operation, ham radio
operation, or typing.

(4) Military Skills. These are further
classified into two subcategories: General
Military Requirements and SEABEE Combat

_Readiness. Examples are disaster recovery train-

ing and mines and booby traps, respectively.
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(5) Crew Experience Skills. These are gained

by working with others on specific projects,

Maost ot these projects are related 10 advanced

bBase construction, such as steel tank erection,
prle dnving, and SATS installation.

\ shill iventory has three principal steps.
Frrst, cach shill is closely defined so that cach
person will give it the same meaning. Second, a
standard procedure for obtaining the informa-
ton s developed. This procedure helps to insure
that the mformanon, regardless of where it 15
<ollected or by whom, will meet certain stand-
ards ot acceprability. The third and last step is
the watual collecuon of the skill data and in-
Judes the procedures for submutting the data o
the data bank

Skill Definitions

A\ manual  of  standard SKILL
DLFINTHIONS, called Volume 1 PRCP Shill
Detmtions, contains a defimition for every shill
wentiticd i the Personnel Readiness Capabihity
Crovram. Lach defimtion has been jointly ap-
pooved by COMCBLANT, COMCBPAC, and
CNRT (Chigt of Naval Reserve Training) and s
dapplicable 1o the entire Naval Construction
| oree

PRCP Standards and Guides

Ihe skl detimmons alone do not contamn
suttiaently detalded information to accurately
Jdassily - people, nor do  they  provide any
Jssihication procedures. Recognizing ths, the
Cwal Lngineer Support Office (CESO) con-
ducted  spectal  SEABEE. workshops  where
Volume 11 PRCP Standards and Guides were
developed under the guidance of CESO. This
volume consists of seven separate manuals, one
tor cach SEABEE rating. The PRCP Standards
and Guides are the principal tools used in
lacing and updating skill data. By following
he mtarviewing procedures in the Standards and
Guides, a tramed interviewer 1s able to classify
people toa predeternimed skill level within an
dcoeplable degree of uniformity, Also, by hav-
g o therough Anowledge of the tasks required
ol cach Kl anvone so authonized can classify
othors to an appropriate skill level by actually
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observing them perform the tashs, either n
training or on the job.

Skill informatuon obiaed from mterviewing
or observing is submitted to the Facihties
Systems  Office (FACSQO). Porv Hucneme,
California on a special form known as a PRCP
SKILL UPDATE RECORD (tig. 1-12). Thys
forn., which consists of multiple sheets of car-
bon sensitive paper, is preprinted with every skill
identified m the PRCP. Normally, 1t 15 only
necessary to mark the appropriate skill levels
attained, then send a copy 1o FACSO—where
the data bank & mamtamned—and retamn a
designated vopy at the umt level. Complete -
structions  and information  for  using  the
transcript master, as well as other PRCP data
processing information, can be obtained from
the training officer of umts partcipating in the
program,

As a urew squad leader, you are directly
responsible tor using the PRCP Standards and
Guides 1o mterview your personnel (o1 others)
and to provide the mual mformauon tor the
PRCP data bank. Subsequent UPDATING ol
this initial mformation for cach person s based
on cither pertormance on the job (which you
observe) or performance at a school, New pei-
sonnel, howevei, and others returnmg from long
pertods of certain types ot shore duty, may re-
quire mterviewing,

PRCP INTERVIEWS

Fhere are two types of PRCP mterviews. The
tirst and most important 15 the INDIVIDUAL
RATING SKIT1T INTERVIEW. The sceond
type s simply called OTHER INTLRVIEWS.
Both types requue the use of the PRCP
Standards and Guides.

Rating Skill Interviews

in conducting an individuad rating shall mter-
view, the interviewer uses d discussion techmgue
to classiiy other SEABEES in the skill fevels of
the various individual  rating  skills. This
technigque requures a thorough understanding of
the skilly and tasks defined in the Standards and
Guides. Since few individuals possess the talent
required to anterview an o all the shifls of a
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FACSO RPI/SYH NO. $4040/82060R01 PRCP SKI1ULL UPOATE RECORD FOR OFFICIAL USE OwnLY
GEMS REPORT NO. 1200-0 , . 80 UAN 15
NMCB 133 7 ViC 55451 DET COMPANY D
PROSPECTIVE ACTY  EDATRAPRODECPNCL OATE OF LAST SxILL UPDATE 80-01
4 SWC  PNFC 0000 SNEC 9502 THEC 0000
GENERAL - CONST ELECTRICIAN ENGINEERING ALOD STEELNORKER MILITARY
1 24 3 Sm S 2 3 SYR . ! 2 SYR 1 2 3 SYR 1 2 3 SYR
0000 (X) 8 0212 () () () 0400 ( ) () 0610 () (X) 8 090t () () ()
0030 (X) ()N () 8 o016 () () .() 0403 () () 0612 () 6904 (X) () 9
0040 () () 0220 ( ) (7 () 0410 () () 0615 { ) (X) 8 0907 ( ) (X) 0
00se ( )N () 0231 () () 0420 () () 0618 (X) () ] 0509 (X) ]
0080 ( ) () (X)N 8 0234 () 0440 ( ) () 0619 ( ) 0940 (X) 0
0090 () () () 0237 () ()N 0620 (X) () 8 0942 (X) 8
0240 ( ) () 0630 () (X) ] 0944 { )
0250 ( ) ' 0634 () (X) 9 0953 ( ) (X) 0
0635 (%) 8 0954 ( ) (X} 0
0640 ( ) 0955 () ()
0958 ( ) (X) 8
0959 ( ) (X) 0
0960 ( ) (X) 8
BUILOER CONST MECHANIC {?UIPMENI OPERATOR UTILITIESMAN 0963 (X) () () ]
1 2 3 SYR 1 2 SYR 1 2 3 SYR t 2 3 SYR 0964 ( ) (X) 8
0108 ¢} ()™ 0328 ()} () 0515 () () 071 () () 0974 (X) 0
o110 () () 0332 () () 0s1? () o72c ()} () ()M 0978 (X} 8
0130 () () 0334 () () () 0519 ( ) 0730 () () 0979 ( )
0132 () () () 034s () () () 0521 () () 07¢0 () () () 0980 ( )
o190 () () () 0355 () () () 0522 ( ) 0750 () () 0s81 ( ) R
0150 ( ) () 036s () () () 0823 () 0760 { ) ( M ()
0162 ( ) 037s () () () 0526 ( ) ()
0164 ()} () 03es () () () 0s30 ( ) (v
0166 ( ) 0395 ( ) 0532 ( )
0167 ( ) 0398 ( ) 0536 ( ) SPECIAL CREW SKILLS
o170 () () () esd40 () () () 1 2 3 SYR 1 2 SYR
o019 (} () () 0542 () () 0800 ( ) (X) e 1000 (X} () 0
Q198 () () 0544 ( ) () 0801 (X) () () 8 1001 (X) () 0
R 0546 ( ) () 0802 { ) () 1002 () ()
’ 0548 ( ) 0803 () () 1003 (2) () 0
0549 () () oBo4 () () () 1004 (X) () 0
0585 ( N 08os () () 1005 (x) () 0
REFER TO NAVFAC P-458 (STAMDARDS & GUIDES) gzg? { ; ) gggg { ; { ; O :ggg }X; { ; 0
FpR SKILL TITLES. b 0812 ( ). () 1000 () ()
R 0813 () () 1009 (x) () 0
5YR IS COMPUTER GENERATED AWD IDENTIFIES YEAR 0814 (
SKILL LEVEL ASS}GNED.
SHELF LIFE WILL 8E COMPUTED FROM 'SYR'.
1 CHANGES MUST BE MADE IN RED PENCIL. PRIVACY ACT STATEMENT. AUTHORITY TO REQUEST SKILL
2 TO ADD OR CHANGE SKILL LEVEL, INSERT 'X' IN INFORMATION IS DERIVED FROM 5 USC 301, DEPARTMENT
APPRNPRIATE BOX. REGULATIONS. PURPOSE IS TO OBTAIN INFORMATION
3 70 DELETE SKILL LEVEL DRAW LINE THROUGH COMCERNING YOUR SKILL DATA AND IS USED BY OFFICIALS
APPROPRIATE ‘'X'. OFf THE DEPARTMENT OF THE NAVY IN THE MANAGEMENT AND
4 SKILL LEVEL REQUIRING NEC IS INDICATED BY TRAINING OF NAVY PERSONNEL  COMPLETION OF THIS
*H” AND 1S NOT UPDATABLE BY UNIT. UPDATE IS VOLUNTARY. FAILURE TO PROVIDE SKILL DATA
5 GE IN SKILL LEVEL OR RE-ENTRY OF EXIST- MAY RESULT IN NONASSIGNMENT TO DUTY BENEFICIAL TO
ING SKILL LEVEL WILL REVISE SKILL YEAR (SYR). ADVANCEMENT OR MAY RESULT IN FAILURE TO BE CONSID-
6 FORWARD CHANGES TO CBC PORHUE (COOF 18112). ERED FOR CERTAIN TRAINING.
- 143.278A

Figure 1-12..—PRCP skill update record.
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rating, the interviewers must be mature enough
to recognize their own limitations and be willing
(o seek assistance from others in their rating.

Other Interviews

Otner interviews arc used to classify people
into the individual general and special skills,
military skills, and crew experience. With only a
few exceptions, these skills do not require an ex-
perienced interviewer; and in many cases, skill
levels can be assigned to individuals on the basis
of their service or training record. This should
be done whenever possible to cut down on inter-
viewing time. Then, when the person is in for
interviewing, 1t will be just a matter of verifica-
tion or of updating.

USING THE STANDARDS AND GUIDES
FOR INDIVIDUAL RATING SKILLS

When assigned as an interviewer, you must
obtain, read, understand, and use the PRCP
Standards and Guides. The format is standard.
After the SKILL TITIE, vou will find the con-
tents, SKILL DEFINITIONS and the TASKS
which are broken down into TASK
ELEMENTS. (See figures 1-13 through 1-15.)

610—Arc Welding (Structural)

CONTENTS

610 Arc Welding (Structural) Skill
Definiticn

A Skill Level 1

.01 Prepare arc welder for welding

.02 Arc weld mild steel plate up to and
including 1/4" thickness

Skili Level 2

.01 Read and interpret construction
drawings

.02 Are weld mild steel plate over 1/4
thickness

.03 Hard-Face (Ware-Face)

)

"

Figure 1-13.— Title and Contents of the PRCP Standards
and Guides.

SKILL DEFINITIONS

Skill Level 1: Individual must identify, set up,

use, and care for items in the
NMCB Electric Arc Welding Kit;
clean, grind, or otherwise prepare
mild steel for welding; select rod
and weld mild steelplate up 1o
and including 1/4-inch thick ness
in flat and vertical positions;
chip, grind, dress, and prime
(i.e., rvedlead, paint, etc.) welds;
and perform operator’s mainte-
nance on welding rnachines.

Skill Level 2. Skill Level | plus read and inter-

pret construction drawings, in-
cluding structural and welding
symbols; prescribe type and size
of rod and specify welding pro-
cedures, including hard facing;
and weld mild steelplate of any
thickness in all positions.

Skill Level 3: Not applicable.

Figure 1-14.—Individual Rating Skill Definition.

Skill Title and Conteats

The title identifies the skill. For examnple,
figure 1-13 identifies the Individual Steelworker
of 610, ARC WELDING (STRUCTURAL).
The number 610 is a numerical code for this-
skill. The CONTENTS can be used to insure
that there are no missing pages. The skill defini-
tion will always be listed first and directly under
it will be .1 Skill Level 1. The tasks are listed
under each skill level. You must interview each
candidate to see if he or she is qualified for that
level.

Skill Definition

Figure {-i4 illustrates an individual rating
skill definition. This definition of Arc Welding
{Structural) is a statement of tasks to be per-
formed at each skill level.

25
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610.2.03 TASK: Hard-face (Ware-face)

Apply these ACTION STATEMlENTS to the TASK ELEMENTS listed below:

A. Describe the sequence of steps of this procedure and explain the 1easons for

each.

i

B.  List significani tools/equipment used in this procedure.
C. Describe principal materials used in this procedure.
D. Describe indications that wouldbe observed during this procedure.

E.' Explain results if this

it is neglected.

procedure is not

performed

F. Discuss safety precautions io be observed.
G. Perform the steps of this procedure when practical.

TASK ELEMENTS:

.01 Prepare material for hard-face.

a. Select electrodes.
b. Clean.
¢. Position and secure.

.02 Perform hard-face.

a. Flat position.
b. Horizontal position.

.03 Clean and inspect.
.04 Perform final steps.
a. Dress-up.

A B C D E I G
X X

X X X X X

X X X

X X X X
NOX

X X "X X

X X X X

X X X X X
N X

X X X X

Figure 1-15.—-Typical Task with Related Action Statements and Task Elements.

There are one, two, or three skill levels,
depending upon the complexity and number of
the tasks. Each level within a given skill is more
ditficult to attain than the previous ong;
however, 1t has no relationship to another skill.
For example, a person having Skill Level 1 in
Arc  Welding (Structural) performs com-
paratively easy tasks; whereas, at Skill Level I in
Arc Welding (Pipe) the person nius! perform
evervthing required 1n that specific area.

The purpose of the skill definition in the
Standards and Guides is to introduce the skill
malerial to the interviewees. In fact, you begin
your interview by reading the skill definition. If
the interviewees say they can do the related
work, you may continue with the interview for
the skill level: however, if they say they can NOT
do the work, it s obvious that you should go on
to some other skill.

1-20

Tasks and Task Elements

A TASK is a specific portion of the overall
shill level. Some tasks cover relatively broad
areas; others arc quite specific and brief. Each
task is further broken down into several smaller
jobs called task elements.

A task element is a basic part of gach task.
When interviewing, ,you will use the task
elements and their related ACTION
STATEMENTS to determine the mterviewee’s
qualifications.

Action statements tell you the type of infor-
mation you should get from the person being in-
terviewed. Each action stateinent is identified in
the Standaids and Guides by a capital letter (A,
B, C, etc.). The number of statements varies

29
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from task to task. A matrix is used to show how
the statements relate to the task elements.

To illustrate the matrix, refer 1o Task
Element .01, ‘‘Prepare material for hard-face.”
Extend a line 1o the right and enter the matrix.
You will find an X under columns F and G, in-
dicating that action statements F and G are to be
applied to this task element.

STEPS FOR INTERVIEWING

When interviewing, you should first try to
put the interviewees at ease. A good way of do-
ing this is to explain the purpose of the inter-
view. For example, the interview will:

a. Let the interviewees know what they are
actually expected to know and to do.

b. Determine what the interviewees can ac-
tually do so they can be assigned to the right job.

c. Determine the interviewees’ deficiencies
so that they can be programmed to receive
proper training.

Next, explain to the interviewees that they
should discuss what they know of the skill
honestly and that they should NOT be embar-
rassed if they do NOT know every item covered
in the Guides.

Tell the interviewees what skill and skill level
they are being interviewed for. Read the skill
definmition, as suggested previously, o see if the
interviewees know the subject.

Task Interviewing

Begin interviewing by reading the skill defini-
uon again. This helps interviewees to concen-
trate. The task should be rephrased: ““The first
thing we wil! discuss in arc welding is the setup,
use, and care of items in the NMCB electric arc
welding  kit.” Then read the first TASK
ELEMENT, (.01 Prepure maierial for hard-
face). Wher. applied to action statement F

(Diccuss safety precautions (o be observed), it -

goces something like this:

“Describe the safety precautions you
should follow when preparing material
for hard-facing.””

As you can see this is not a question. It 1s a state-
ment directing interviewees 1o tell what they
know about the safety precautions used in
preparing material for hard-faung. There are no
questions in the PRCP Siandards and Guides;
therefore, no answers are provided. The Stand-
ards and Guides point oul the areas to be
discussed (in terms of task elements and action
statements), and the interviewees’ replies are
evaluated by the interviewer on the basis of per- .
sonal experience, knowledge, and judgment.

It should be obvious now why all rating skill
interviewers MUST be experienced in all skills
for which they will interview. The only way you
¢an determine whethér or not an interviewee

“Fnows the 1ask element is to thoroughly know it

yourself. If you are unfamiliar with, or *‘rusty
in,”’ any tasks in the Standards and Guidecs,
study them thoroughly before attempting to
interview anyone. Also, if you do not under-
stand how a particular action statement is used
with a task element, find out before inter-
viewing. Discuss the problem with others who
are familiar with the skill.

Only discuss the tash element with the action
statements indicated in the columns of {..2
matrix. For example, in figure 1-15 only action
statements F and G are used with task element
.01. And, in task eclement .03, only action
statements A, B, E, F and G.

As an expert in the skill, you will probably
have a desire to ‘‘ash questions’ n tasks not
covered by the Standards and Guides. This must
be avoided as then there will be no standard. If
you feel strongly that the Standards and Guides
can be improved, discuss your recommendation
with the PRCP coordinator.

Scoring Interviews

If interviewees have an NEC in the skill for
which they are being interviewed, they are
automatically assigned to that skill level without
being interviewed for any of the lower skill
levels. When interviewing, use a positive
approach. The interviewees either do or do NOT
know the skill. The decision is left up 16 the
interviewer. ALL TASKS must be accomplished
for each shill level. The results of the interview
are then introduced into the PRCP System,
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ON-THE-JOB-TRAINING

There are many forms of on-tne-job training
(OJT). It may be in the form of an especially
tailored, well-organized program, such as one
designed to help welders acquire advanced skills
in welding. Then again, OJT may be in the form
of ssmple instruction, like explaining and show-
ing a person how to tie a certain kind of knot. In
other words, when one person helps others learn
to do a job and makes.sure they learn the right
way, itis a form of OJT.

You may not have realized it, but in the
SEABEES, on-the-job training.goes onabout all
the time. For instance, two SW strikers were
assigned the job of fabricating a range hood of a
certain design. Although they had performed
many comparable jobs, they had not done that
particular one. Their supervisor assigned an ex-
perienced crewimember to guide them. This
person explsined the exact procedure for laying
out the. component parts, how, they were
formed, how they were fastened, and why that
particular design was necessary. The SW strikers
understood and easily proceeded with the job.

There are as many examples of OJT as there
are contacts between personnel in the
SEABEES. Its importance becomes readily ap-
parent in an organization, such as the
SEABEES, where changes in equipment, per-
sonnel, and improvements call continuously for
new and better methods of doing things.

In the SEABEES, as well as in private in-
dustry, the term on-the-job training has come to
mean ‘“‘helping an individual acquire the
necessary knowledge, skill, and habits to per-
form a specific job.’’ This definition implies that
the job training applies not only to the Construc-
tionman or new personnel in an organization,
but also to any other person who is assigned a
new job. It indicates that job training is a con-
tinuous function in the SEABEES. No person
should be regarded as completely trained. One’s
performance can always be improved by keeping
interest high and by passing on directions, sug-
gestions, and information which will increase
proficiency of the trainee.

Bear in mind, however, that OJT is an active
process and requires active supervisors who are
aware of the needs of the trainees and who can
motivate them to learn. Use methods which will

add meaningful experiences to the trainees’
storehouse of knowledge.

A supervisor who does a good job of trainifig
personnel stands to benefit in many ways. For
one thing, well-trained crewmembers brag about
their supervisor, especially to their buddies in
other crews. A remark they might make proudly
is 1 sure do enjoy working for Chief Murray
Lecause 1 learn so much.’”’ As you can see, this
will multiply your effectiveness on the crew. If
you have a skill, knowledge, or attitude of value
to the Navy and can impart that skill,
knowledge, or attitude to 10 others—you have
multiplied your effectiveness 10 times.

SETTING UP AN ON-THE-JOB
TRAINING PROGRAM

In setting up an OJT program, one of the
first things you will want to do is to make an ad-
ministrative analysis to determine the type of
training required.

One of the requirements may be for advance-
ment in rate for your personnel. There is nothing
that can make you fecl any prouder than to see
the SWCN’s that you have helped make their
first crow, with the beam and hook on it, that of
a third class Steelworker. Do you know what
their thoughts are? They are not, as commonly
believed, “*Oh boy, no more mess cooking.’’
The real thought of that person is ‘I cannot wait
until I can sew on the next one.”

In preparing your program, keep in mind the
broad knowledge you have about the objectives
and how you can best utilize your experience.
You will have to determine, of course, the sub-
jects to be taught. [t may be that you are going
to teach SW strikers how to put a combination
lock splice in a 1/2-inch wire rope. Or perhaps
you are going to teach them how to solder a
galley steamboat.

You will have to break your subjects down
into lessons, taking into consideration the length
of time to be devoted to each subject and
whether you are going to teach your subjects ina
classroom, field, or shop. Yon may have to
establish lesson sequence, determine lesson ob-
jectives, analyze reference materials, prepare
lesson plans, and so on. Remember that in any
type of training program, an objective should be

1
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to help the trainee learn the most and in the
shortest time possible.

IMPLEMENTING AN ON-THE-JOB
TRAINING PROGRAM

You should consider various courses of
action in implementing an OJT program. To the
supervisor or trainer some of the most important
are:

I. Survey umt assignments and insure that
cach assignment is 10 the best possible accord
with the individual’s classification and specific
skills background.

2. Determine the exact need for training. To
determine this need, establish two things: (A) the
specific job requirements, and (B) the individual
skills of the trainece. When A and B are known,
the on-the-job training required can be stated in
a simple formula:

A - B = on-the-job training required.

3. Determine the method or methods of
training which will be most etfective. Number ol
people, time available, facilities required, nature
of training, and individual capabilities are fac-
tors which will affect your decision.

4. Select the personnel who will actually
conduct the training, remembering that the end
product will be no better than those who con-
duct the training program.

5. Procure all available materials which may
be helpful to supplement the.program.

6. Follow-up. You should continuously
monitor the program to see that it does not lag,
that trainirg records are kept current, and that
newly developed skills are properly applied.

This 15 truly a large order. But now, more
than ever, our Navy 13 dependent upon quality
traiming. It is an important job, and it is one that
never ends.

METHODS OF
ON-TKE-JOB TRAINING

In OJT, you must be prepared to use a com-
bination of training methods, depending upon
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the nature of the subject, time available, and the
capabilities of the ‘trainee. The following
methods of training are basic to any well-
planned unit training progran:.

No other method of training is as effective as
intelligent, interested COACH-PUPIL
INSTRUCTION. In addition to being a quick
way of fitting a new worker into the operation of
a unit, it serves as one of the best methods of
training. Without specific directions and
guidance in learning to perform the necessary
duties, a worker is likely to waste time and
material and form bad work habits.

[t happens that many organizations in in-
dustry have apprenticeship courses which are
designed to train worhkers in a trade or skill.
Their training consists of coach-pupil supervi-
sion under shilled workers with penodic group
instruction when it is advantageous.

SELF-STUDY should be encouraged.
Skilled and semiskilled jobs require a con-
siderable amount of job knowledge and judg-
ment ability. Even in simple jobs there is much
basic information that the worker must acquire.
The more complicated technical jobs involve
both basic and highly specialized technical
knowledges and related skills, which must be
taught.

GROUP INSTRUCTION is a practical
adjunct to direct supervision and sel/-study. It is
a timesaver when scveral workers are to be in-
structed in the same job knowledge or
procedures. [t affords an opportunity for the
supervisor or trainer (0 check training progress
and clarify matters which are difficult for the
trainees to understand. Group instruction, if in-
telligently used, can expedite production. Foi
example, suppose you have six trainees learning
the same job. Four of the trainees are having
trouble with a certain job elemeni, while the
other two have it ‘‘*knocked.”” The four people
having trouble can be brought over to the other
two, and in a short time the difficulty will prob-
ably be soived. In OJT, this is called group in-
struction; and, as you can see, group instruction
is not the same as classroom or so-called.
*‘academic-type’ instruction, '
‘\*’/
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Another type of OJT is PIECEMEAL
INSTRUCTION. For instance, a crewmember
asks you for information and you supply it.
That is piecemeal instruction. A supetvisor’s
orders are, in a sense, a piecemea. .aethod of in-
struction because ihey let others know what,
when, where, and, perhaps, how and why. Other
examples of piecemeal instruction are: explain-
ing regulations, procedures, and orders; hold:ng
special meetings; indoctrinating a new person,
and conducting organized or unorganized
meetings. '

. DEVELOPMENTAL ON-THE-JOB
TRAINING

In any type of effective training in which one
individual is working directly under the super-
vision of another, it is important that the
trainers and trainees understand fhe objectives
at which the training is aimed. Fa¢tors deserving
careful consideration include determining the
training needs of the trainees, defining the pur-
pose of training, and explaining or discussing
different points concerning training with the
trainees.

In determining training needs, it is often a
good idea to interview the trainees. A summary
of previously acquired skills and knowledges
relative to the job they are to do can be learned
by proper questioning. Compare the jobs the
trainees know how to do with those they will be
doing. Deternune training needs (required
knowledges and skills minus knowledges and
skills already possessed). Training needs should
be determined for each job pertaining to the
trainee’s position assignment. Analyze the jobto
be done and have all necessary equipment and
materials available prior to each job training
situation,

In defining the purpose of training, the
trainers should clearly explain the purpose of the
job, duty, or task to be performed by the
trainees. Point out to the trainees their place on
the team and explain to them how they assist in
getting the unit mission accomplished.
Emphasize the importance and advantages of
doing the job well, and how the traing benefits
themselves, their organization,\and the
SEABEES.
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The trainers should also explain facts about
the job to be done, principles that are proved
and workable, and directions on how to accom-
plish the job safely, casily, and economically.
The trainers should explain, too, the techniqucs,)
that will improve the skill of the trainees. The
importance of each operation in a job should be
stressed. The technical terms relating to the job
should also be explained.

The trainers and trainees should discuss the
problems that arise in doing a job;and endeavor
to clear up any questions of the trainees concern-
ing the job. Point out to the trainees any
similarity of different operations of the job
wherein transfer of knowledge or training may
be utilized. The relationship of procedures in a
particular job to things with which the trainees
are acquainted, should also be discussed. “This
allows the trainees to learn through association
with past experiences. It also is important to
discuss the progress of the trainees.

Developmental training in any situation is a
process which aids an individual in progressing
from what one KNOWS to what oneé NEEDS
TO KNOW--from the KNOWN to the
UNKNOWN.

The end product of peacetime military
operations is TRAINED PERSONNEL.
Regardless of your unit mission, you must have
trained personnel to carry it out. Itis the respon-
sibility of every petty officer in the Navy to train
the personnel under their immediate supervi-
sion. '

SYSTEMATIC TRAINING

Effective training requires a great dea! of
planning and directed effort, organization of
materials into a logical sequence to prevent a
haphazard approach to the job of training, and
accurate measuring methods for evaluation
results. There must be some results if any learn-
ing takes place. If you push as hard as you can
on an object and there is no result—if you fail to
move it—no work has been done regardless of
the energy expended. If no learning takes place,
you have NOT trained. Three steps that may
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help you in planning and carrying out your =

training programs are:

I. Insure learning by use of correct training
methods;

2. Measure achievement at regular intervals

to assure that learning is taking place; and,

3. Record results where interested parties
can check progress; records in the open can
creale competition which often is a great
molivating factor.

L)

Evaluation
Vi

It is nice to know that you are doing
something worthwhile and that your efforts are
appreciated. You and the trainees will want an
evaluation of the work each does. Generally, the
most valid trainer evaluation can be obtained by
testing the trainees to see how much they have
achieved under your guidance. If they have
learned to perform in a highly satisfactorily
manner, there is an indication that you are doing
a good job of training. The effectiveness of the
training is determined by how much training has
taken place and the value of that training. The
personnel must be trained coirectly. Improper

traimng, in many cases, is worse than no training

at all.

Performance Testing

Performance testing helps you do a batter

job’of conducting an on-the-job program. You
can use performance tests to find how well your
trainees are performing their jobs. However, it is
difficult to find a test that does its job well.
Ferformance tests should enable you to
evaluate the work of subordinates accurately
enough to accomp h the following objectives:

I. To help determine when trainees can ac-
tually perform the tasks that they are being
trained to do;

2. To aid you in evaluating the improvement
of persons in on-the-job training;

3. To help locate strengths and weaknesses
in GJT programs;

4. To determine the qualifications of per-
sonnel entering OJT programs; and

5. To help assign new people to particular
jobs.

Since it is a practical check on a work pro-
ject, the performance test must be asample work
situation in which the trainee performs some ac-
tive piece of work that can be examined. The test
is not designed to measure what a person knows

about the job (a written or oral west may fill that

need for you). Inst2ad, it is intended to help you
evaluate that pérson’s ability to actually do the
job. Do the.Hest you can in orgdnizing and ad-
ministering the performance test. There will
always be room for improvement in most of the
testing that you do.

WORK REQUESTS
AND JOB ORDERS
As a shop supervisor, your work will involve
work requests and job orders. A work request,
as the name implies, asks that work be %e. A
job order is issued primarily for the purpose of
specifying what work is to be done and when it is
to be accomplished. The job order also provides
for the accumulation of cost data. Since the job
order procedure will not be the same at ail ac-
tivities, learn the procedure for your activity and
follow it carefully; this will help insure that jobs
are accomplished without undue delay.

Wherever work requests and job orders are
concerned, it is important that a work control
system be established to designate who may re-
quest work, what they may request, and who
will approve the request authorizing the job
order. In the Public Works Department, the
control and responsibility is usually designated
within the framework of the work classification
system. Public works uses eight classifications of
work:

1. Emergercy Work

Service Work

Minor Work

Specific Jobs

Standing Jobs

Supplements to Existing Work

Amendments 1o Existing Work

© NS v AW

Rework




STEELWORKER 1 & C

fov
EMERGENCY WORK requires immediate
action to accomplish any or all of the following
purposes involving public works andsor public
utilities:

1. Prevent loss or damage of Government
property.

2. Restore essential services that have been
disrupted by a breakdown of utilities.

5. Eliminate hazards to personnel or equip-
ment.

Emergency or service work authorizations
are limited to 2 man-days. When the work re-
quires.more than 2 man-days, emergency work
initiated by an emergency work authorization
must be superseded by a minor work authori-
zation or by a specific job order, whichever 1S
appropriale.

SERVICE WORK is relatively minor in
scope, can be accomplished within 2 man-days,

4s not-emergency work by-nature, and does not

exceed the dollar limitation which the Work
Reception and Control Branch is authorized 10
approve (875 to $150, depending upon the size
of the activity).

MINOR WORK is work that is in excess of
that authorized by an emergency or service work
authorization and less than that authorized by a
specific job order.

SPECIFIC JOB ORDERS authorize the ac-

complishment of a specific amount of work fore

which individual job costs are desired for
financial and performance evaluation.

STANDING JOB ORDERS include all work
that is highly repetitive on which accumulated
costs are desired for a specified period, usualiy a
fiscal year. Some examples where standing job
orders are used are: trash and garbage disposal,
powerplant watch standing, public works
efigineering, leave cost, and shop overhead.

SUPPLEMENTS TO AUTHORIZED
WORK are issued for any portion of the work
under a basic job order that is 10} be initially
charged to an accounting classification other
than that shown on the basic job order. A
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supplementary job order may be issued under a
specific or standing job order.

A specific, standing or supplementary job
order may use an AMENDMENT TO
AUTHORIZED WORK for various reasons in-
cluding:

To reopen a closed job order.

To modify the technical provisions.

To incréase or decrease the scope.

To increase or decrease the dollar
estimate.

5. To change the accounting classification.

REWORK is work that, in the judgment.of
the Public Works Officer, is necessary to correct
faulty work of Public Wor's Department per-
sonnel.

Certain types of work require prior approval
of authorization of the commanding officer,
management burcau, or higher authority, but
the issue of the job authorization to the public
works shop is the responsibility of the Public
Works Officer or a celegated representative.
Although job authorization is, in effect, the ac-
tual signing of the authorizing document, the act
presupposes knowledge and approval of every
item contained in the work authorization docu-
ment. Job authorization, therefore, presumes an
understanding of the principles and workings of
controlled maintenance, as well as familiarity
with the action to be approved.

The PUBLIC WORKS OFFICER may ap-
prove and sign any or all work authorizations
within the limitations established by the cogni-
zant management bureau or the commanding
officer. In actual practice, the rublic Works
Officer usually approves and signs only those
documents authorizing work that exceeds the
limitations for authorization established by him
for the director of the Maintenance Control
Divison. The ASSISTANT PUBLIC WORKS
OFFICER may approve and sign any or all work
authorization documents when such authority
has been specifically delegated by the Public
Works Officer.

The DIRECTOR, MAINTENANCE CON-
TROL DIVISION may approve and sign any or
all work authorization documents not exceeding
the monetary limitations for authorization
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imposed by the Public Works Officer. The
SHOPS ENGINEER may approve minor work,
service work, and emergency work authoriza-
tions. The DIRECTOR ©OF THE
MAINTENANCE OR UTILITIES DIVISION
may approve minor work, service work, and
efnergency work authorizations. The WORK
RECEPTION AND CONTROL BRANCH
(MAINTENANCE CONTROL DIVISION)
.nay approve and sign emergency work and serv-
i¢é work authorizations within the limits
established by the Public Works Officer.

At times, it may be necessary for you to
make up work requests or job orders. Requests
* for all work, except service or emergency are
made on a work request, NAVFAC 9-11014/20.
(See fig. 1-16.) Job orders are prepared from
these requests on a job order, NAVDOCKS
2356 and a continuation sheet, NAVDOCKS
2357. (See fig. 1-17.) For emergency or service
work, an einergency or service work authoriza-
tion, NAVFAC 9-11014/21, is used; this form is
illustrated in figure 1-18. The work request
becomes the job order when it is authorized.

In making up a work request or a job order,
be sure that a clear description of the work is
given and all necessary drawings and details are
included. An accurate description of the work
required is necessary to insure that the proper
number and type of skilled personnel are
assigned to the job.

You may be with a NMCB working Wwith job
orders dealing with Military Construction
(MILCON). A typical job order from a NCR to
a NMCB is presented in figure 1-19. The job
order form is explained below.

WORK ORDER NUMBER: An assigned ac-
counting number used to control and accu-
mulate charges of materials and labor against
the project.

LINE ITEM: The MILCON line item
number which identifies the particular project.

JOB TITLE: A short general title of the
work to be performed.

DOD CAT CODE: The DOD Facility
category code under which the work is being
assigned.

QUANTITY: The scope of the facihty being
constructed in terms of DOD category units of
measure,

ESTIMATED MAN-DAYS: An estimate of

direct man-days required to do the work

described.

ESTIMATED COST: Dollar cost estimated
1o complete project.

CUSTOMER ACTIVITY: The actinity or
command for whom the work s to be
performed.

REPRESENTATIVE: An official
designated to provide liaison between the con-
struction unit and the customer.

£
TELEPHONE: The telephonc number of
the representative.

MNDESIGNATED FOR O ACCOMPLISH-
MENT: Construction unit which 15 to perform
the assigned task.

AUTHORIZED BY. Namc and signature of
the authorizing official.

GENERAL DESCRIPTION AND
REMARKS: A brief, general description of the
work and other pertinent data, sucli as speaal
specifications.

REFERENCE: laentfication of reference
pertaining to the construction project.

ENCILOSURE: Identification ot drawings,
specifications, etc., that arc bang forwarded
with the work order.

INSTALL TASK NO.: Numerical identifica-
tion of sub-tashs to be performed by the
construction unit it completing the assigned
project.

WORK CLASS: Indication of the
predominate ratings involved in the sub-task.

DESCRIPTION OF WORK A(C-
COMPLISHED: Short description of sub-tash.
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& FOL AADEY INPORMANON CAlL 7 UNOURAN MTAGeD
LTJG L. Moore Bldg. C.
Ext. 891 Om £

s OrSOWNON OF WORL AND AXTINCATION {(Dnrhuling baradton, Ly, siav, qeaaily, sbe.)

Fabricate and erect axtsnsion to wood storsge rack, southwest corner,
Bldg. 107. Start from the south wall and extend tarough baye 3-4 approx: 30' long
2' deep
i 10! high

Storage rack to be anchored to wall and have 5 shelves spaced approx. 2'
apart. Shelves should be capsble of storage of material weighing up to 5 lbs.

por sq. ft. No paint required.
Extra storage space needed for smell shop store itens.

oY i w

PAXT $1-—COST ESTUMATE
(IMMMWMMI“M

e 11 EShwAT MO,
Supply Officer 307
13 COMT E3PMATE T4 SITOUTAN ATORO =
O Ko L

a labor ] w._ 11
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¢ m ALED ON PESGE WOLOAD, Wis JO8 CAN o

S ! mooumsem %0 suum o 30 dATS .
d

:fm.:.. s wmomonsmer._ AW1Y. ooy

prepovey ety
s Ceatingency 3 25- Dmu—m«-m
- " net N “]:?’imi
t o |3 255, WL - . | 3 July 1o~
PAR] $1—ACTION {flled ot by Requeticr)
. o :
Publis Works Officer
19 AUTHORZANON PO POOCIID 13 ATIADED (Chotd ane ¢ oiher than PW Ands are rowy % WO WG _——
sy [l s Oes  OSend™”
31 SCHATSE 'ﬂ. FTRT ) pehipgiad -
. R.WLW 8 July 19 =
ot Part IV on Rovevee Sede)

Figure 1-16,.—Work Request, NAVFAC 9-11014/20.
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Figure 1-17.—Job Order, NAYDOCKS Forms 2356 and 2357,
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€5 WORK AUTHORIZATION
NAVFAC 9 *1014:7F 21 REV 2 801
CIRCLE ONE

[E)emenGeEncy  NO.

[S)senvice

AsSunL W G DATE RECO

|
! Lo bl

HO3 ORDER WO HIUK RECD

REPCRTED By (NAME ANC TELEPHUNF, DATE CumP_E°EL
[
FACKITY NUMBLR JCB LOCATON
I

' ASSTG WOPK "0 *TO MRS 2 ASSIG WORR COOE 370 MRS
WORK CIR 'I WORK CIR :
L1l O L

3 ASSTG NURK COCE STO ~AS 3 ASSTG wWORK CORE STO MRS
WORK CTR , ! |WORK CTR '
P bt

DESCRPTON OF #ORK REQUESTED

——— - -

REMARKS, SHOP COMMENTS ~ WORK PERFUAMED
uf [eFFERFNT THAN REQUESTED:

MNITIALS OF
TOADES DERRNN

PERFCRMING
woeY T

[ — -

117.295A
Figure 1-18.—Emergency or Service Work Authorization,
NAVFAC 9-11014/TF-21.

MAN-DAYS: Estimated or actual number of
direct man-days required to complete the sub-
task.

BEGIN DATE: Estimated or actual calendar
date upcn which work on the sub task will com-
mence.

FINISH DATE: Estimated or actual calen-
dar date upon whicn work on the sub-task will
be completed.
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SiGNATURE AND DATE: Signature of
construction unit representative and date of
signature.

When you, 3% a supervisor, receive a job
order, examihe it carefully. Make sure you have
a clear picture of what is to be dpne, who is to do
it, and when. See that you also have-all the infor-
mation necessary to do the job. If material
listings and drawings are listed on enclosures,
mahe sure that they have been included and
check them for accuracy. If you have been
designated as prime contractor or lead shop, see
that the subcontractors or other shops have,
recerved the job order, prints and material list as
required. Check the availability of the material.
The material support will vary greatly. On some
jobs, you may not receive the job order until
after all the materials necessary for the job have
been received. On other jobs, you may have to
order the matenals yourself through the use of a
material yard, skop stores, or the Navy Supply
System. If you have any questions, get them
answered before starting the job. -

See that aii the material is properly clla;rgcd
to the correct job order number and that the
material is used on the job for which it is drawn.
Make sure, also, that the required labor is cor-
rectly charged. This will keep you from the em-
barrassing position of trying to explain how a
job was completed without anyone working on it
or why some other job exceeded by far the
original time estimate.

DAILY WORK ASSIGNMENTS

The assignment of work 1s an important
matter. On a rush job, you may have to assign
the best qualified person available to insure
meeting the deadline. When time and workload
permit, however, rotate work assignments so
that each person will have an opportunity to ac-
quire skills and experience in different phasgs of
the Steelworher's job. When assignments are
rotated, the work becomes more interesting for
the workers. Another good reason for rotating
work assignments is to prevent a particular per-
son from doing all the work of a certain type. It
would be a disadvantage 1w case that person is

40
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, THIRTIETH NAVAL CONSTRUCTION REGIMENT
BST MD 2,000

WORK ORDER NUMBER | JOB8 TITLB ESTIMATED CQOST
6PPPE9901 {WENTY FIFTH MOUNTED POLICB BATTALION 26,000
LINE ITBM CANTONMENT , OTTAWA DATE
C=777 DOD CAT CODB 699 QUANTITY 700 MN 22 July 19__
CUSTOMER DES IGNATED FOR ACCOMPLISHMENT
ACTIVITY 25th MOUNTED POLICE BATTALION|

&gmgsm_\nw; FIELD COPPBOO BOO Naval Mobtle Construction Battalion SEVENTY-FIVE

. AUTHORIZED BY:

TELEPHONE OTTAWA 4

GENERAL DESCRIPTION AND KEMARKS
Construct the following facilities for customer unit in accordance with reference f};
(1) Bighty-two (82) 16" x 32' Metal roofed strongbacks.
{2) Three (3) 8 Hole latrines.
(3) One (1) 20' x 48' Shower with cuncrete deck.
{4) One (1) 500 Man Galley.

Site location as shown by enclosure ).

REFERENCE: | BNCLOSURE:
(a) 25th HOUNTED POLICE BN LTR DTD 25 MAY 19 t (1) BASE DEVELOPMENT DWG 732
SER 0000.
INSTALL | WCRK DESCRIPTION OF WORK | DATE
TASY, NO.! CLASS ACCOMPLISHED MANDAYS BREGIN FINISH
82 - 16' x 32' Strongbacks 25 JUN 19 5 AUG 19__
1. oo Site Preparation 10
2. 8u Brection of Strongbacks 738
3. CE Interior/exterior Wiring 72
TOTAL 820
3- 8 role latrines 20 JuL 19 _ ¢ 5 AuG 19__
1. BU Brect three structures 54
¢ TOTAL 54 B
™ 1 - 20" x 48' Shower with concrete deck 20 JUL 13__| 5 AUG 19__
1. BU Concrete pour 10
2. BU frect building 70
3. uT Install piping 10
‘ 4. CB Wiring 10
TOTAL 100
1 ~ 500 ¥an Galley 6 UL 19 | 5 AUG 19__
1. BO Site preparaticn 20
2. BU Conerete pour 80
3. BU Building arection 850
4. CB Wiring 50
TOTAL | 1000
GRAND TOTAIL 1974
- ~
SIGNATURE o TB
117.296
Figure 1-19.—NMCB Job Order.
# 1-31
Q ,
v
 ERIC 4] .
&




Aruitoxt provided by Eic:

STEELWORKER

1 & C

transferred or hospitalized or goes on leave for a
long period of time.

Give special consideration to strikers in work
assignments. They should be assigned pro-
gressively to jobs of ascending levels of dif-
ficulty. Strikers may be useful assistants on a
complicated job, but may not fully understand
the different phases of the job unless they have
worked their way up from basic tasks.

When assigning work, be sure to give the
worker as much information as necessary. An
experienced worker may need only a drawing
and a general statement concerning the finished
product. A less experienced worker is likely
to require more instruction concerning the

1-32

layout of the job and the procedures to be
followed.

Often, you may want to put more workers on
a job than it normally takes in order to get the
job done sooner. Remember that there is a limit
to the number of workers who can put on a job
at a given time. But, do not overlook the advan-
tage of assigning more workers to a project
when their services can effectively speed up its
completion. For instance, to construct a SATS
airfield in the shortest time possible, you could
assign two crews (instead of one) to lay the
matting for the runway. Both crews could work
at the saine time, one crew laying in each direc-
tion. Moreover, if taxiways or parking areas are
needed, additional crews could be employed at
the same time in laying these areas.
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CHAPTER 2

SUPERVISION

As a First Class or Chief Petty Officer, you
will have many responsibilities added to those
which you had at the Second Class level. The
higher your paygrade, the more likely it will be
that your main duties will consist of supervising
rather than doing.

At the First Class and Chief levels, you NOT
only must be able to meet the requirements of
your rate, you must be familiar with those of the
Navy Enbsted Classification (NEC) holders. As
you probably know, the NEC holders are in-
dividuals who have special skills; therefore, you
should be knowledgeable enough in their
specialties to be able to explain or supervise their
performance on the job. There are other re-
quirements you must meet, if you are to carry
out your supervisory responsibilities effectively.
You will need to know how to handle your crews
to get the most out of them; you must be able to
plan projects, make estimates, and set up pro-
grams to train your personnel; you must be able
to foresee difficulties and devise methods for
overcoming them. You must be able to maintain
records and reports; and you must be safety con-
scious, insuring that your personnel observe all
safety precautions applicable to their jobs.

PRINCIPLES OF LEADERSHIP

Supervision or leadership is an art. It re-
quires the ability to organize, delegate, and
coordinate operations—techniques, which you,
as the supervisor, should employ in your daily
supervisory activities. Learning how to organize,
delegate, and coordinate the various phases of a
project can be developed the same way as any
other art. The art of military leadership can be

learned, developed, and practiced in varying
degrees by anyone motivated who has the mental
and physical ability, and the moral integrity ex-
pected of either a commissioned or petty officer.
Developing this art is a continping process.

In the ultimate sense, military leadership is
NOT inhereat; it is based upon the development
of traits of the individual personality and upon
the understanding and application of sound
leadership principles and techniques. Certain
rules or principles which have stood the test of
time appear to have guided the conduct and
action of successful leaders of the past.
Throughout military history, these rules—
known as Leadership Principles, as given
below, have in varying degrees affected the
action of every successful leader.

1. Be technically and tactically proficient

2. Know yourself, and seek self-improve-
ment

3. Know your personnel, and look out for

their welfare

Keep your personnel informed

Set an example

Insure that the task is understood, super-

vised, and accomplished

Train your personnel as a team

Make sound and timely decisions

Develop a sense of responsibility in your

subordinates

10. Employ your crews in accordance with
their capabilities

11. Seek responsibility, and take responsi-
bility for your actions

R

el

The ultimate objective of a sapervisor is the
successful accomplishment of an assigned task

e,
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or mission. When properly supervised, this
task or mission is carried out with a minimum
expenditure of manpower and materials, and
with a maximum of harmony, cooperation, and
efficiency within the entire work force—from
the unskilled helpers to the management and
command levels of an organization.

ORGANIZATION

As a supervisor, you must be able to
organize. This means that you shiould be able to
analyze the requirements of a project and plan
the sequence of events that will bring about
desired results. ’

You should be able to look at a job and
estimate how many man-hours are required to
complete it; you will probably have been given a
date by which the work is to be completed. Next
(or perbaps even before making your estimate of
man-hours), plan the sequence of operations.
Make sure that you also know the answers to the
following questions. What is the size of the iob?
Is the material orn hand? What tools are
available, and what is their condition?

Before assigning work, carefully consider the
qualifications of your personnel. Are they ex-
perienced, or will some training be required?
Are any scheduled for leave? Will you need to
request additional personnel? After getting
answers to these questions, you should be able to
assign your crews accordingly and set up ten-
tative schedules. If work shifts are necessary,
make arrangements for the smooth transition
from one shift to another with a minimum of
work interruption. How well you are able to
carry out these steps is directly related to your
ability to organize.

DELEGATION

The ability to delegate is an important aspect
of good supervisors. Failure to delegate is com-
mon in a new supervisor. It is only 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
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down a large operation. On some projects, you
may have crews working in several different
places. Obviously, you cannot be in two places
at the same time. There will be times when a
c.ewmember needs assistance Or instruction on
some problem that arises. If the crew has to wait
until you are available, then time will be lost. It
is important, therefore, to delegate authority to
one or more of your crewmembers to make deci-
sions in certain matters. Here, knowledge of
your personnel is important. Some people can
handle responsibility well; others cannot. You
must know who can make sound decisions in
your absence and who cannot. You must also
remember that, although you are allowed to
delegate authority, you are still responsible for
the completion of the project.

COORDINATION

The ability to coordinate operations is
another important aspect of good supervision.
When several operations are in progress, it is im-
portant to plan them so one can follow another
without delay.

Keeping a good interface with your sister
companies is also important. Planning to
transport rebar cages from the prefab yard te
the project site at a certain time and day may be
difficult if ALFA Company does not have the
trucks _scheduled. Coordination is not limited to
projects only. You would not want to approve a
leave chit for one of your crewmembers then
remember a school during the same time period;
nor would you want to schedule a crewmember
for the rifle range only to find out that the range
coaches will not be available at that time.

SUPERVISORY RESPONSIBILITIES

In effectively performing your supervisory
activities, you must be in direct contact with,
and have direct control over, the individuals
who produce the work. In this regard, the major
duties and responsibilities of a supervisor in-
clude the following: production; safety, health,
and physical welfare of subordinatcs; develop-
ment of cooperation; development of morale;
and training of subordinates.
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FRODUCTION

The primary responsibility of every super-
visor is PRODUCTION. Production can best be
obtained by (1) planning and organizing the
work to get maximum production with
minimum effort and confusion, (2) delegating as
much authority as possible, but remaining
responsible for the final product, and (3) con-
tinuously supervising and controlling to insure
that the work is done properly.

SAFETY, HEALTH, AND PHYSICAL
WELFARE OF SUBORDINATES

Safety and production go hand in hand,
since the only efficient way to do anything is the
safe way. When personnel are absent because of
injury, shop equipment is down because of
damage, or completed work is destroyed by acci-
dent, production will definitely fall. Therefore,
you, as a supervisor, must be a constant teacher
of safety; you must set examples by constantly
observing all safety precautions; you must teach
safety as an integral part of each training unit;
and you must plan each job with safety in mind.

4

Showing contern for the health and physical
welfare of your subordinates will also payoff
production-wise. Remember that a healthy
worker is inherently a more efficient worker
than one who is not. Besides, concern for these
matters is bound to increase the respect with
which your subordinates will view you and
should motivate them to produce more.

DEVELOPMENT OF COOPERATION

You can best get the members of your crew
to cooperate by willingly telling them the whats
and whys of their work. It also helps to develop
cooperation among the crewmembers by train-
ing them continually in order to prepare them
for increased responsibilities and to teach them
new skills.

It is essential that you cooperate with your
seniors on the project and in the battalion by
continually informing them of circumstances
which (1) require their. decisions or other
actions, and (2) what would be unknown to

them unless you passed the word. It is often the
case that what you, and perhaps your crews as
well, imagin2 to be the indifference of your
seniors is actually a result of your NOT keeping
them informed.

DEVELOPMENT OF MORALE

Morale may be defined as an individual's, a
team’s, or unit’s state of mind. It depends upon
their attitude toward everything that affects
them—their fellow SEABEES, their leaders,
Navy life in general, and other things which
seem important to them,

Morale is closely related to satisfying a per-
son’s basic human needs. If the training, ad-
ministration, and everyday routine of a unit is
conducted to assist in satisfying the
crewmembers basic needs, a favorable attitude
will be deveroped. High morale is a positive state
of mind which gives the individuals a feeling of
confidence and well-being that enable them to
face hardship with courage, endurance, and
determination.

The state of morale does NOT remain the
same; rather, it is constantly changing. Morale
of the members of your unit is an important
index to the effectiveness of your leadership
abilities. You can measure morale by closely
observing the personnel in their daily activities,
by inspections, by formal and informal inter-
views, and by evaluating reports. Specific things
to watch for include appearance, personal
hygiene, military courtesy, personal conduct,
use of recreational facilities, excessive quarrel-
ing, harmful or irresponsible rumors, condition
of mess and quarters, care of equipment,
response to orders and directives, job profi-
ciency, and mouvation during training.

When properly evaluated, ad.ninistration
reports concerning the status of personnel aid in
measuring morale. Particularly valuable are
reports which concern the followirg: military or
civil arrest, damage to or loss of equipment
through carelessness, family problems, in-
debtedness, malingerers, absence without leave
and desertion, requests for transfer, self-
inflicted wounds, sick-call rate, stragglers, and
reenlistmeny rates.
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TRAINING OF SU3BORDINATES

The training program of each battalion is
formed to provide the personnel with the skills
needed to accomplish the battalion’s current and
mobilization mission. The program is crafted in
accordance with the pattern, priority, and tempo
establishec. 5y the commanding officer. The pro-
gram cov:rs many phases—from orientation
courses to special technical courses. Extent of
the tramnh ¢ depends on operational com-
mitments, policies, and directives from higher
authority, experience and previous training of
the personnel; training facilities available; and
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other factors. Although much of the construc-
tion training will be provided by class A or C
schools, as well ac special SEABEE training
courses, additional skills and experience must be
acquired in the battalion.

As a supervisor, you must emphasize the im-
portance of training to your personnel. At the
same time, impiess upon them the importance of
using the correct terminology and ‘or technical
language common to the Steelworker rating. In
so doing, your personnel should learn more
readily and also retain a more detailed picture of
the functions and operations of their jobs.




CHAPTER 3

SHOP AND CONSTRUCTION SITE ORGANIZATION

In the Steelworker rating, you have the
opportunity to learn and to become proficient in
many skills. You can work toward mastering
these skills by attending Navy formal schools,
taking SCbT courses, and through on-the-job
training. Now as a first class or chief petty
officer, you are expected to become the
teacher—to pass your knowledges and skills on
to the younger Steelworkers. You are now the
planner, the organizer, and the supervisor. YOU
have become the THEY everyone has talked
about and still do.

No one expects you to be the expert in
all phases of your rating, but you are expected
to be able to find answers or solutions to
problems when they arise. This chapter describes
ways of setting up shops and fabrication yards
and gives helpful suggestions in the supervision
of crews engaged in construction opera-
tions.

SHOP LAYOUT

You should be able not only to direct and
coordinate the various operations within your
shop, but also to plan the layout of equipment
and materials needed to set up a new shop from
scratch. You will find that certain factors
applicable in setting up a new shop can also he
applied basically in taking over as a supervisor
of a shop already in existence. When taking over
a shop already set up, you may often find it
worthwhile to make a study of the layout of
equipment and materials to determine if some
changes would help provide a smoother work-
flow and higher production.

3-1

PURPOSE OF SHOP

In planning the layout and organization of a
shop, carefully analyze the purpose of the shop.
What kind of work will be done here? How
much work must normally be turned out? Is the
shop a specialized shop or a general-purpose
shop?

Next, consider the particular advantages and
limitations of the proposed shop space. Hov
large is it? How many personnel will be expected
to work in the shop at the same time? What kind
of tools will be available? Where ar: the power
outlets located? Can good lighting be arranged?
What type of ventilation will be readily avail-
able?

The function of the shop will have an impor-
tant bearing on the equipment needed and the
minimum space required. At times, you may
NOT get the amount of space desired and have
to do as best you can with whatever space is
available. In some instances, two spaces may be
available but one is unacceptable because of
major problems that would be encountered. For
example, the ideal location for a welding shop
may not be used for that purpose if the struc-
tural design of the building would cause exhaust
duct installation difficulties.

ARRANGEMENT

Good arrangement is required in all shops,
regardless of their function. The arrangement of
equipment, layout tables, and so on in a shop
should be in the order of the workflow cf the
project that is most dominant in that shop.
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Figure 3-1.—Layout of a sheet metal shop.

in planning the arrangement of equipment,
consider such factors as sequence of operations,
working space, clear shop entrance and exit,
adequate workbenches, and safety. The posi-
tioning of equipment, layout tables, and so on
may NOT be the same in one shop as another.
The layout in figure 3-1, however, may be used
as a guide in laying out a sheet metal shop.

Try to place stationary machines so that the
work will tiow in an orderly and logical
sequence. It is probably easier to do this in a
specialized shop than it is in a general-purpose
shop where the work differs considerably from
one day to another.

In shops where there is a series of operations
to be performed, the relative position of the
various~pieces of equipment has an important
bearing on efficient operations. Not only should
the equipment be accessible, it should also be
arranged 1o save wasted motion and to reduce
walking distance. This wiil enable your per-
sonnel to turn out more work in a shorter time.

People unconsciously produce more work when
their equipment is close at hand. Clearance
between adjacent machines should be such that
the operators will NOT get in the way of one
another. Aliow plenty of space for operations,
such as feeding large sizes of sheet metal or bar
stock into a machine.

Adequate workiables and workbenches are a
necessity for the protection of both personnel
and materials. Most shops, especially sheet
metal shops, require plenty of flat working sur-
face. Try to have the workbenches positioned
with respect o fixed equipment so that the
equipment most often used can be quickly and
easily reached. Elecirical outlets should be
readily available to the workbenches. Needless
delays are caused by having to rig long connec-
tions from poorly located outlets.

Your plans should include adequate means
for stowing tools and materials. If considerable
amounts of matetjdls must be kept on hand, and
Tf-space permits{ a special storeroom may be
used for stowagg of materials; where desirable, a
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Figure 3-2.—Vertical rotor-bin for shop stowage of fittingss
and miscellaneous items.

portion of the.storeroom may also be used for
stowage of tools and equipment. When a
storeroom is available, however, it may still be
advantageous to stow certain materials in the
shop near the machines or equipment on which
they are used.

The amounts and types of materials stowed
in your shop will depend largely upon the space
available and the intended purpose of your
shop. In most shops, you will probably need
facilities for stowing such items as bolts, nuts,
screws, and spare parts. In a sheet meial shop,
you will need a rack for stowing commonly used
gages of metal. In a welding shop, you will need
hot lockers for stowing clectrodes; the use of hot
lockers will help insure that the electrodes are
kept dry and that the coated surfaces do NOT
get chipped.

Lockers, drawers, bins, cabinets, and the
like, are suitable for stowing various types of

~

tools and materials. A vertical rotor-bin, like
that shown in figure 3-2, can be used 10 stow fit-
tings and miscellaneous items in the shop.
Whatever the type of shop, make an effort to see
that your stowage facilities are arranged (0 give
the greates. possible amount of free working
space.

You will also need space for an office. As a
rule, try to locate the office in an area of the
shop where you will be least disturbed by noise
from machines. The shop layout plan should
make provision for a bulletin board upon which
may be posted safety posters, mainienance
posters, instructions and notices, plan-of-
the-day, and such other information as is
appropriate.

The bulletin board should be located in a
prominent place in the shop, preferably near the
entrance where personnel will be likely to pass
during the day. If necessary, artificial lighting
should be provided so that material on the
bulletin board can be read with ease. Material on
the bulletin board should be changed frequently,
expired notices promptly removed, the current
plan-of-the-day posted early, and posters and
other material rotated periodically. If the same
material is presented in the same format every
day, it will not be long before the bulletin board
will be ignored and the purposes for having i
will be defeated. New arrangements are noticed
and interest is stimulated with variety.

SHOP SAFETY

Consider the shop layout from the point of
view of SAFETY. Use nonskid flooring in vcriti-
cal areas. Allow adequate space for aisles and
passageways. Equipment, storage racks, and the
Iike should be arranged so that the enttance and
exit to the building can be kept clear and will be
accessible in the event of fire or emergency.
Locate stationary machines so that the moving
parts will NOT constitute a hazard to either the
operator or to other shop personnel. Be certain
that your shop layout will allow easy access 10
fire-fighting equipment, electrical control
panels, and junction boxes. Remember that
various physical factors, such as lighting and
ventilation, also have an effect on safety.
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Figure 3-3.—Plan of ¢ypical fabrication yard.

LAYOUT OF FABRICATION YARD

In addition to planning the layout of shops,
you must also be able to plan the layout of
facilities for construction projects in the field.
This phase of our discussion will introduce you
to some of the major factors to be considered in
planning the layout of a fabrication yard. You
may often be called upon to plan the layout of a
fabrication and erection of steel structures. As a
useful hint, remember that the control of
fabrication operations depends largely on the
planning and organizing that go into them.

A major requirement for jobs concerning the
fatrication and erection of steel structures is
that the fabrication yard be set up in a manner
that will insure a smooth flow of work. The yard
should be laid out to suit the fabrication pro-
cedure and the size of the operation. If possible,
the yard should be located next to the construc-
tion site. The ground should be firm and level
and ample working space should be provided. A
plan showing various subdivisions of a typical
fabrication yard is given in figure 3-3.

The layout and arrangement of a fabrication
yard may not be the same at one site as at
another. A typical fabrication yard, however,
would normally include the fullowing main
areas:

1. A tool and equipment storage and repair
area

2. A material storage area

3. A working area for various operations,
such as laying out, cutting, drilling,
punching, fitting up, reaming, and
bolting

4. A fabricated mémber storage area

For maximum efficiency, the fabrication
yard should be arranged so that work can be
carried out in assembly-line order. The arrange-
ment should permit moving heavy pieces of
material as little as possible and in a straight line.

It is a good idea for each crew to be held
responsible for fabrication of one group or class
of member You should try to provide a system
of handling (that avoids back-tracking or

3-4
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crossing-over of the material in flow. Lanes for
movement of material, cranes, and machines
should be located so that materials will pass
through cach operation with the minimum of
handling and the shortest haul. Operation plans
and layout should give primary consideration to
safeguarding personnel from injuries.

TOOL AND EQUIPMENT AREA

Numerous types of tools and equipment
generally. are required in steel fabrication and
erection operations. Plans for the layout of a
fabrication yard should include adequate space
allownance for storage and repair of tools and
accessory equipment. An ideal location for such
an area 1 adjacent 1o the working area. It is
suggested that the minimum space .equirements
listed below be provided for the storage, repair,
and maimntenance of tools and equipment, as
indicated:
Handtooly and hard-
ware storage

172 squarc yard per
worker, one-half of it
under cover

Pneumatic tool storage 1/4 square yard per

and mamtenance shop  worker

Machine, blacksmith, 30 square yards or

and pipefitung shops, more

mcluding  tool <harp-

ening

Rigging lott 20 square yards or
more

Heavy-equipment stor- 50 to 200 square yards

age and maimntenance

Tools and equiptnent requirements may vary
from one site to another, depending on factors
such as the methods used and the length of time
allowed for fabrication. In fabricating typical
Jtructures by usual procedures, and under nor-
mal site condiions you generaliy will need a
wide vanety of ordinary handtools and equip-
ment, for-example, C-clamps, center punches,
drills, hoists, wrenches, and slings. Often you
will need safety equipment and improvised or
evpedient equipment, such as drill presses, roller

tables, push cars, and special lifting hooks. In
addition, a crane probably will be nceded in the
fabrication yard at all times for unloading steel
and for moving and turning heavy pieces during
fabrication and assembly. For some projects,
you may set up small derricks at principal
operalting sites, or else have additional cranes on
hand.

MATERIAL STORAGE AREA

Careful planning should be given to the loca-
tion of the material storage area. An ideal loca-
tion is alongside an access road or railway siding
that is on the end of the fabrication yard where
the material can be delivered without interfering
with other operations. The layout and arrange-
ment should permit easy movement of cranes,
trucks, forklifts, and handtrucks in unloading
and piling material and in picking it up for
transfer to fabrication operations. Insofar as
possible, plan for cach class of material to be
stored in line with the place of its fabrication. A
rule of thumb for estimatling slorage area
requirements is one square yard of net area per
ton of material. Obviously, hardware, smalil
parts, and tools should be stored under cover
and as near the point of use as possible.

When considering the outside storage of
material, make sure they will NOT become un-
duly damaged or deteriorate from exposure (0
weather. Also, make sure the material will be
relatively free from ignition by flying sparks. In
a temporary emergency, il may be necessary that
material normally requiring inside storage be
stored outside. In such cases, see that, the
necessary precautions are observed and have the
material moved inside as soon as possible.

WORKING AREAS

The working dreas of the fabrication yard
should be arranged so that all operations of the
job will run smoothly and efficiently from start
to finish. Areas should be designated for the.
operations of laying out, cutting, and drilling or
punching of individual pieces. Other areas will
be needed fcr fitting up, reaming, bolting, and
welding assembled members. Still others, such as
a painting area may be necessary, depending
upon the requirements of the particular job.
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The layout of any particular fabricatidn yard
will depend largely on the size of the structure.
For instance, a small structure for which it
would not be ecoromical to provide much
equipment would probably call for fituing up of
members at the point of dnlling the main
material. But for a large structure, separate
areas for drilling main material and for fitting
up would appear practical. Incidentally, when
an assembling area is required, you probably will
find that an ideal place for it is adjacent to the
fabricated member s:iorage area.

FABRICATED MEMBER
STORAGE AREA

An area for storage of finished members
should be provided adjacent to the last fabrica-
tion operation. It should be arranged so that
access for cranes and trucks is facilitated. If this
area can be located adjacent to the construction
site, then the members can be sorted into proper
order for erection and stored accordingly, to
avoid any extra handling. If necessary to
rehandle members before erection, they must be
sorted into the most convenient piles for loading
on delivery vehicles. An ample access road and
turnaround facilities must be provided.

MATERIAL AND EQUIPMENT

To keep operations running smoothly, you
will have to see that the proper materials and
equipment are available at the time they are
needed. You must try to avoid a big excess in the
supply of material. At the same time, make sure
that supplies are NOT exhausted before
requestnag new material. If material or equip-
ment are NOT on hand when needed, it may
result in personnel having to stand idle, which
could cause delays in meeting production
schedules.

SITE DEPLOYMENT OF MATERIAL
AND EQUIPMENT

As a supervisor of construction work, it is
tmportant that you be able to handle the deploy-
ment of material and equipment at the jobsite.
Make it a point 1o see that the right material and

equipment are at the right place and at the nght
time.

-

The bill of materials should be checked
during the planning stage to make certain that
all material is available or is on order. Even with
this ciieck, there is sometimes danger of running
out of material. This could happen when the rate
of nrogress on the job has been considerably
faster than anticipated or when the material has
been unusually slow in arriving at the jobsite, If
either of these conditions occur, notify the
officer in charge (OIC) of the project. The OIC
may appoint an expediter 1o see that maierial
gets to the location when it is needed. Occa-
sionally, you or one of your personnel might
serve as expediter; in this case, you might hand-
carry a requisition through the supply chain to
speed up delivery. Careful advance planning will
contribute to an orderly flow of material. Make
a special effort to plan deliveries of maiterial to
cause the least possible congestion, with a
minimum of shifting after it is unloaded at the
jobsite.

Where equipment is needed 1o accomplish a
job, make sure in advance that it will be
available; and see that it is on hand at the
required time. In some .ases, you must first
determine the method by which a job will be
accomplished before determining the types of
equipment you will need. This means, for exam-
ple, determining whether connections for a steel
structure will be bolted or welded, or whether
layouts will be by template, by scratching, or by
marking directly on the metal.

Machine-powered hoisting equipment_iy a
big advantage on jobs that involve the lifting
and moving of heavy materials. There may be
occasions, however, when you will NOT be able
to obtain powered equipment, such as 4 crane or
forklift. In such cases, you will have to use a gin
pole, tripod, or other hand-powered hoisting
device—one suitable for the job concerned. As a
word of advice, remember that you may save
time in getting the job doe, and also prevent
someone getting injured, if you see that the
hoisting device is erected at the spot where it will
be needed and insure it is properly ngged. (The
erection and use of hoisting equipment will be
discussed later in this chapter.)
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Al the jobsite, ‘you may have to arrange for
“the stowage of material. In doing so, try'to have
the material as close .as possible 40 the place
where it will be used. From previous experience,
you should have acquired a knowledge of the
safe methods of handling and stowing various
types of material commonly used in steelwork.
Make sure that your personnel also know and
use the safe methods of handling and stowing
material used in their work, and sce that proper
safety apparel is worn on jobs where required.

SHOP STOWAGE OF MATERIAL

A main objective in stowing material is 10
put things where you will know where they are
and where you can get to them easily. Assign a
specific place in which to keep each particular
type of material. Whenever possible, material
that is used most frequently should be located in
the most accessible places.

No matier what type of shop you are super-
vising, make it a practice to identify all matenal.
A piece of carbon-molybdenum steel looks just
like a piece of mild stcel, but you cannot use the
iwo matlerials for the same purposes. Materials
should be identified by labels for each bin or
rack, by shipping tags attached to the material,
by color code markings (when applicable), and
by stock number. Keeping the stock aumber
with the material will save you time and trouble
when you need to re-order material.

Varioys methods may be used to control the
supply of parts and material which will be kept
in the shop. One suggested method is to prepare
a set of file cards showing the minimum amount
of each item needed, the amount on hand, and
the location of the storage area. As the material
and parts are received, they are stored in the
places designated for those particular items, and
the amounts received are added to the inventory
on the file cards. When the parts are used, the
items are deducted from the inventory.

In determining the muinimum number of
repau parts (o be kept on hand, take :nto con-
sideration the length of time needed to get these
parws after the requisition is forwarded to the
Suj ply Department. At some uverseas locations,
this period couid be from 3 to 6 months.
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SHOP STOWAGE OF TOOLS AND
EQUIPMENT

Proper stowage of L00ls and equipment is an
important factor in the management of any type
of shop. You should have a place for each tool
or piece of equipment, and each should be kept
in its place when NOT in use.

Lockers, drawers, cabinets, and the like are
suijtable for stowing various types of tools. In
ceiecting a place of storage for a given type of
tool, you will often have to consider such factors
as the size and shape of the 100, its frequency of
use, and its value.

To avoid breakage or damage to tools during
stowage, you must see that the personnel con-
cerned are familiar with the proper method of
placing certain types of tools in stowage. Drill
bits, torch tips, combination squares, files,
gages, and the like must be stowed so they are
protected from contact with other tools. Edged
tools and pointed instruments, such as scribers,
dividers, and compasses require special stowage
to prevent damage to their cutiing edges or
sharpened points.

Precision tools, such as micrometers, depth
gages, surface gages, and squares, must be pro-
tected against SHOCK and PRESSURE. All
tools made of steel must be protected against
CORROSION.

A special bin should be used for the testing
equipment. Testing instruments are very
delicate, and any rough handling may throw
them out of adjusiment. Do NOT stow other
types ¢f tools or equipment in the same place as
testing instruments.

A system is usually set up for checking the
tools in and out. The shop personnel should
know, or be able to find out from shop records,
where all tools are at all times.

Tools, such as screwdrivers, chisels, and
hammers, should be checked regularly for
damage and wear, for example, dull cutling
edges on the chisels and mushroom heads or
broken handles on the hammers. Examine all
tools when .hey are issued and again when they
are cheched back into the shop. Any tool found
in bad condition should ke put aside until it can
be repaired or replaced.
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#igure 3-4.—Clamp for handling heavy plate.

If your supply permits, all petty officers
should be allowed to have their own toolkit,
made up of common handtools ordinarily used
in their work. Nobody likes to u.e a drill bit that
someone else has nicked or burnt. Most are bet-
ter satisfied working with their own tools, and
this encourages them to take a special interest in
keeping their tools in top shape.

HANDLING MATERIALS

In supervising the handling of material, you
must see that practices are followed which insure
the safety of personnel and of the material.
Heavy plate is usually handled with wire rope
slings, straps, or with an approved plate clamp,
such as the one shown in figure 3-4. Note that
this clamp should NOT be used for handling
bundles of sheet, since the sheets in the middle
could slip and cause the entire load to drop.
Bulky items, such as reinforcing bar, strap iron,
and structural shapes, are usually handled with

Figure 3.5.—Choker for handling pipe.

slings or straps. The choker, shown in view A of
figure 3-5, is an effective device for handling
pipe and other material which must be gripped
tightly. When the ‘hooks are used in pairs, the
pull should be from opposite sides of the load,
as snhown in view B of figure 3-5.

When bundles of reinforcing bars 30 feet or
longer in Jength are being hoisted, it is necessary
to use a spreader bar so that the bars will not
bend excessively. The length of the spreader bar
should be at least one-half the length of the bars
in the bundle. The spreader bar may be a
fabricated truss assembly, a piece of heavy-duty
pipe, or an I-beam.

When bundles of reinforcing bars are being
hoisted in congested or limited areas, it may be
necessary to apply a tag line to one or both ends
of the bundle for the purpose of guiding the load
as it is hoisted,

It is very important that chokers and a sling
of sufficient strength be selected to lift the load.
The stress or tension on each choker depends on

04
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the fitiinber of chokers, the angle of the choker,
and the total load. The total weight lifted is
divided among the supporting chokers and acts
straight downward. The greater the angle of the
choker from the vertical, the greater is the ten-
sion in the choker.

To help prevent injuries to their hands, per-
sonnel piling lumber or handling reinforcing
steel should wear gloves. Hard hats, safety
shoes, and other safety devices should be worn
on all jobs where required. In fieldwork, rough-
terralh forklifts, cranes, gin poles, and the like
are often used in handling heavy construction
materials. See that all personnel assigned to jobs
on which such devices are used not only know,
but also carefully observe, safety precautions
applicable to rigging. When materials are moved
by hand, warn personnel to use their leg muscles
rather than their back muscles. A serious injury
may result when an individual attempts to lift or
move a load that is too heavy for one person to
handle.

When structural steel is stacked or piled,
make sure the stack or pile does NMOT slide
laterally or tip over. Corrugated or flat rhapes
should NOT be stacked mors than 4 feet high,
Stacks of pipe are particularly liable to lateral
sliding; therefore, such a stack should always be
approached from the end, NEVER ificm the
side. Pipe should be scgregated by sizes and
stacked NOT higher than 5 feet.

Material stacked or piled around the con-
struction site should be located where it will
interfere as little ag possible with traffic and pre-
sent the least possible danger to personnel. Bar-
ricades and red flags should be placed during the
daytime, and red lights at night, on any material
which constitutes a hazard to traffic.

WELDING SHOP

Welding shops may differ in the kind of
work being done; one shop may be concerned
with vehicle repairs, another with general
maintenance, and still another with repairing
and fabricating metals. A shop may prepare
metals for welding and weld them or it may
specialize only in the actual welding operations.
Nevertheiess, each shop must have on hand
material, tools, and equipment needed to do its
kind of work.

39

W hether a shop is permanent or not will also
detern:ine the type of tools and equipment in it.
A permanent shop, like one that serves as a
public works shop, should have a wide variety of
tools and equipment. On the other hand. a shop
set up by battalion Stee.workers at a construc-
tion site is temporary. It should be equipped
with only the tools and equipment that are
necessary to complete the project.

MATERIAL

Any well-organized welding shop will have
on hand a variety of welding supplies. These in-
<Jude tanks of oxygen and acetyisne, electrodes,
fluxes, pipe, angle iron, and round, solid rods.
Alse, standard plate sizes of sheet steel that may
be stored in the shop or at the Material Liaison
Office (MLO), until needed.

TOOLS AND EQUIPMENT

Welding shops are equipped with a variety of
wrenches, hammers, clamps, screwdrivers and
tiles. Every welding shop regardless of size, must
Liave the cuiting eguipment needed 10 accuratch
shape metal before it is welded. This metal may
be cut to size and beveled to specifications by
different means. Power hacksaws, metal shears,
and power cutoff saws are used to cut standard
s1ze stock to the lengths needed. Standard angle
cuts are made with either a reciprocating power
hacksaw or a band power hacksaw. The portable
grinder is used extensively in preparing and
fimshing the weld areas. It is especially useful
tor grinding welds on large weldments that can-
not be brought to a grinder. Welders wear
ciothing of leather or other heavy material for
body protection and to protect their clothing
from molten metal sparks. Appropriate protec-
tive clothing, illustrated in figure 3-6, is required
for any welding operation. The clothing will
vary with the size, nature, and {ocation of the
work to be performed. Arc welders wear helmets
or face shields with approved ienses 1o protedt
their eyes from radiation.

CUTTING AND WELDING

In directing crews engaged n cutting and
welding operations, you will have certain tasks
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Figure 3-6.—Protective clothing.

to perform. First, decide which welding process
15 best suited for a given job. Then select your
crew leader and go over the specifications for the
job. This means reviewing drawings, sketches,
or any other available information. Drawings
and sketches convey, by means of welding sym-
bols, all the information needed by the indi-
vidual who will be fabricating or assembling.
Then prepare a bill of materials that will be
needed for the job, and submit your requisitions
in time to permit delivery so the job can start on

time. Depending on the size of the job, you may
~ant to delegate to a crew member the respon-
sibility for delivery, unloading, checking, and
stowage of material.

Before actual welding operations get under-
way, insure that your crew is preparing for the
job. Check the condition of the equipment, and
see that it is set up properly. Be sure that all con-
trols are properly adjusted, that all connections
are correctly made, and that all safety precau
tions are being observed.
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Figure 3-7.—Effects of correct and Incorrect cutting
procedures.

You can control the quality of work by
carefully observing the welders. At intervals,
make sure they are using the proper techniques
and that the proper operating conditions (arc
current, arc voltage, and arc speed for ¢ach type
of electrode and weld size) are being maintained.

Observe consumption of the electrode and how
it melts down—smoothly or unevenly. Note the
size and shape of the weld crater, as well as its
surfacé appearance. Listen to the sound of the
arc. Take a close look at the weld bead, noting in
particular, its size, shape, and fusion. Correct
immediately any faulty techniques that result in
defects, such as slag accumulations or cracks; do
NOT wait until the job is finished. The most
common troubles in welding and their causes
and cures are illustrated in table 3-1.

On most Steelworker projects, a cutting
torch will be used for beveling plate, cutting and
beveling pipe, piercing holes in steel plate, cut-
ting wire rope, and the like. Therefore, learn to
recognize a good oxygas cut. In general, the
quality of an oxygas cut is judged by (1) the
shape and length of the drag lines; (2) the
smoothness of the sides; (3) the sharpness and
squareness of the top edges; and (4) the amount
of slag adhering to the me.al and ease of slag
removal.

DRAG LINES are the line markings which
show on the cut surfaces; they are probably the
best single indication of the quality of an oxygas
cut. Goog drag lines are almost straight up and
down, as shown in view A of figure 3-7. On the
other hand, poor drag lines are long and irreg-
ular or excessively curved, as shown in view B of
figure 3-7; they indicate a poor cutting tech-
nique which may result in ioss of cut (view C of
figure 3-7). Also, a grooved, fluted, or ragged-

_ cut surface indicates a cut of poor quality.

Where the drag lines are short and almost ver-
tical, you can rely on the sides being smooth, the
top edges being sharp and square, and the slag
being easy tc remove from the metal. Compare
views D and E of figure 3-7. Rounded top edges
are caused by incorrect preheating or removing
the torch too slowly.

REINFORCING STEEL

The steel used to reinforce concrete struc-
tures is hot-rolled in several diiferent strength
grades. Most of the reinforcing steel (rebar) is
made from new steel billets, but some is rolled
from used railroad-car axles or railroad rails that
have been cut into rollable shapes.

n
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Table 3-1.—Causés and cures of common welding troubles

porous welds

WHY

1. Short src with exception of
low hydrogen and stainless

2. Insufticlent puddling time

3, Impalired base metal

4. Poor.electrode

5. Improper shield coverage

WHAT TO DO

1. Check impurities in base

meta)
2. Aliow sufticient puddling time

4. Weave yout weld to eliminate
pin holes
5. Use proper electrode for job

N

cracked welds

WHY

1. Wrong electrode

2, Weld and parts sizes
unbalanced

3. Faulty welds

4. Faulty preparation

5, Rigid joint

WHAT TO DO

1. Design structure to eliminate
rigid joints

2. Heat parts before welding

5. Make sound welds of good
tusion

6 Adjust weld size to parts size

7 Allow joints a properand

1. Speed too fast

2. Elactrode too large

3. Current too low

4. Faully prepatation

WHAT TO 20

1. Use enough current to obtain
desired penetration~vreld
slowly

2. Select electrode according 1o
welding groove size

3 Leave proper gap at bottom
of wetd

. Avoid welds in string beads uniform gap

{for gases to escape 6 Hold longer arc 3 ’

3, Use propers current 7. Check shield gas 4 :gen?:sng;;;ﬁ;:o move a3 8. :::J;:i;leth/amperage as low as
poor penetration poor appearance

WHY WHY

1. Faulty electrode

2.0Overhang -

3 Improper use of electrode

4 Wrong arc voltage and current

WHAT TO DO

1. Use a proper welding tech-
nique

2. Avoid overheating

3 Use a uniform weave
4 Avoud overly high current

warping

WHY

1. Shrinkage of weid molal

2. Faulty clamping of parts

3. Faulty preparation

4. Overhsating 3t jomnt

WHAT 7O DO

1. Peen joint edges belore
welding

2. Weld more rapidly

3. Avoid excessive space
between parts

4. Prstorm paris before welding

Use proper sequence
Clamp or tack parts properly
-back-up to cool

Adopt a proper welding
procedure

Use high'speed, moderate
penetration process

® ~N OWwn

poor fusion

WHY .

1. Wrong speed

2. Current Improperly adjusted

3. Faulty preparation

4. Impropar electrode size

WHAT TO DO

1 Adjust electrode 1o match
joint

2 Weave must be suflicient to
melt sides of joint

3. Select proper current and
voltage

4 Keep wetd metal from flowing
away from plates

undercutting
WHY

--%, -Faulty electrode or gun
manipulation
2. Faulty electrode usage
3. Current too high
WHAT TO DO
1. Use g uniform weaave in butt
. weldin
2, Avold using an overly large
slectrode
3. Avoid sxcessive weaving

4 Use moderate current, weld
slowly

Hold electrode at safe
disjance from vertical plane
in making horizontal fillet *
weid

"

brittle welds

WHY .-

1. Wrong electrode

2. Faulty preheating

3.Matal hardened by air

WHAT TO DO

1 Preheat at 300° to 500° F. if
welding on medium carbon
stae! or certain alloy steels

2. Make muitiple layer welds

3. Stress relieving after welding
4 Use low hydrogen processes
for increased weld ductility

spatter
WHY

1. Arc blow

2. Current too high
3 Arctoo long

4. Faulty slectrodes

WHAT 70 DO

1 Clean parts in weld area
2. Adjust current properly

& S g( ¢ (i

3 Adjust voltage
4 Pick suitable electrode

magnetic blow

WHY/

1 Magnetic fietds cause the arc

“to daviate from 18 ntended

course

WHAT TO DO

1. Use steel blocks 10 alter
magnetic path around arc

2 Divide the ground into parts

3. Weld in same direction the
arc blows

4. Use a short arc length
5 Locate the ground properly on

the work
6 Us2 A.C welding

127.379
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Rebar may be round or square. Its surfaces
may be smooth, or deformed so that the con-
crete wall adhere better to the bar. The round-
deformed bar iy produced in a wide range of
diameters varying in increments of 1/8 inch. The
<tandard method of calling out a round bar is to
give the number of one-eighths contained in the
diameter. For example, a 5/8-inch-diameter bar
15 called a No. 5 bar. All rebar must be placed’in
accordance with a placing plan of the structure
that shows number and length of the rebar as
well as the spacing and exact location of each
bar.

LAYOU

The layout of reinforcing steel is essentially
the process ot aceurately measuring and marking
the steel for cutting, bending, and placing. You
will depend on two principle sets of drawings,
engineering  and placement, to provide the
measurements ol the reinforcing steel in a cast-
m-place concrete structure. The engineering
drawings. show the design of the structure,
mciuding dimensioned locations of members,
azes of dividual members, reinforcing of
members, and related information. These draw-
tngs are sumilar to the design drawings prepared
tor steel structures. The placement drawings
show shapes, sizes, and locations of the rein-
fotang bars m the structure. Also, information
on the method of placement and schedules for
beams, columns, girders, joints, elc.

SCHEDULES

The reintorcement of floors and many other
parts of structures can best be shown in tabular
torm commonly referred to as a schedule. The
schedule s a compact summary of all the bars in
the structure in'the order of their use, complete
with the number of pieces, sizes, lengths, marks,
and bending details from which shop orders can
be casily and readily written.

Ihere are many ariations of these
sehedules. but all of them can be included in two
basic types which are termed the horizontal type
and the vertical type. In the horizontal type the
straight or hooked bars, bent bars, and stirrups
i cack member are hsted in a horizontal line

. 127.281
Figure 3-8.—lronmasier portable hydraulic rod bender
and shear.

while in the vertical type all bars and stirtups are
1:isted under each other.

CUTTING AND BENDING

After layout, the rebar is cut to the given
measurements with power shears or bolt cutiers.
Be sure that the crewmembers; who use these
tools, wear the proper apparel, such as satety
shoes, gloves, and goggles. Rebar is bent with
either a power tool or handtool. A power bender
(fig. 3-8} works best where many bends have to
be made. In the field, a tool like the one shown
in figure 3-9 can be used to bend or suaighten

29.183

Figure 3-9.—Bending tool,

ERIC ¥
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TABLE 3'-2'* X10%-0" X 32" HIGH

BENDING PIPE

%' STEEL PLATE

3" X3"X3B/L

2" PIPE 6'-0" LONG
THREADED AT ENDS

\— 3" PIPE

Figure 3-10.—Bar-bending table.

rebar. Another tool that works well in the field
fabrication is the bending table (figure 3-10).
When secured to the table, a vise makes short
radius bending easy. Since ali bends must be
PRECISE and EXACT (according to specifica-
tions and bending schedules), it pays to have a

‘well-qualified power bender operator doing the

work and a crew that does NOT hurry when
bending rebar.

After the rebar has been cut and bent, it must
be bundled and tagged according to size, length,
and shape. Using metal or fabric tags or a color
coding system will make it easy to identify the
bundles. After tagging, the bundles should be
placed on cribbing to help keep the rebar clean.
For a small job, tagging is not necessary.

PLACING

When assigned as supervisor of a crew for
placing reinforcing bars in structures, you will
have your share of responsibilities. One of your
major objectives will be to see that bars are
placed carefully and accurately to the exact
requirements called for on the placing plans,
schedules, typical details, and notes, and as sug-
gested by standard practices. You will also have
to check the placing schedule and compare it
with the bars on hand.

SO THAT QOUPLING
IS TURNED FOR
./ FULL LENGTH

127.76

All reinforcing bars, stirrups, hanger bars,
wire fabric, spirals, and other reinforcing
materials should be provided as indicated on the
project drawings 01 as required by the project
specification, together with all necessary wire
ties, chairs, spacers, supports, and other devices
necessary to install and secure the reinforcing
properly. All reinforcement, when placed, must
be free from loose, flaky rust and scale, oil,
grease, clay, and other coatings and foreign
substances that would reduce or destroy the
bond. Reinforcement which has bends not
shown on the project drawings or on approved
shop drawings or is reduced in section must

NOT be used.

Reinforcement should be placed accurately
and secured. It must be supported by approved
‘chairs or spacers or by metal hangers. When the
ends of metal chairs, clips, or supports will be
exposed on the concrete surface, this should be
permitted only where the surface will NOT be
exposed to weathering and wheie discoloration
will not be objectionabie; elsewhere, concrete or
other approved noncorrodiable material, or
other approved means, should be used for sup-
porting the reinforcement.

In many structures that have failed,
the primary cause was incorrect placement of




Chapter 3——SHOP _AND CONSTRUCTION SITE ORGANIZATION

reinforcirng bars. Failures cause damage to prop-
erty and often cost lives. Failures also cost
money and time, and cause the job to be done
over again. When failures occur, inquiry
immediately arises as to whether the placing
plans, with all notes and details, were properly
followed. Sometimes, what looks like a very
smali difference in the location or arrangement
of bars is the difference between safety and a
structure’s collapse.

Before starting to place the bars, it is a
good practice to make sure you have the latest
approvcd placing plans. Study the placing plans
in advar:ce and, if necessary, check them against
structural and architectural plans and discuss
them with the project officer so as to be quite
clear on what is to be done.

After all steel is secured and tied in place,
assign a crewmember to check that no bars were
displaced during placement of the concrete.
Displacement of reinforcing bars happens quite
often in floor slabs; this is caused by
crewmembers walking on the reinforcing bars or
pushing, pulling Georgia buggies loaded with
concrete to the pour area.

The proper tying of bars depends upon the
amount of abuse to which the mats will be sub-
jected before bemg buried in concrete. The
amount of tying adds nothing to the strength of
the finished structure. It 1s NOT necessary to tie
every crossing of bars, NOR is it even necessary
to tie every alternate or third crossing. Sugges-
tions for some of the more common cases are
given below. ’

Tte slab bars that are assembled in place as
follows:

l. Sufficiently to prevent shifting.

2. At least three times in any bar length.

3. Perhaps every intersection around
periphery.

4. At spacings according to bar sizes, about:

S feet-0 inches to 6 feet-0 inches
8 feet-0 inches to 10 feet-0 inches
10 feet-0 inches to 12 feet-0 inches

No. § and smaller
No. 6tc No. 9
No. 10 and No 11

Tie wall bars that are assembled in place as
follows:

1. Sufficiently o prevent shifting, even
dropping concrete.

2. At least three times in any bar length.
3. Maybe every third or fourth intersection.
4. At spacings according to bar sizes, about:

No. S and smaller ...... 3 feet-0 inches to 4 feet-0 inches
No.6toNo.9......... 4 feet-0 inches to § feet-0 inches
No. 10and No. 11...... 6 feet-0 inches to 8 feet-0 inches

For mats that are being preassembled, use
at least the amount of tying called for above,
increased, as necessary, to make the mats rigid

" enough for handling.

SAFETY

As a supervisor, you are responsible for the
safety of your personnel. Encourage them to be
safety conscious on the job, and to observe and
practice safety in all phases of their work. The
following are safe practices for personne! who
are working with reinforcing steel.

. Unload bundles of reinforcing bars so
that both ends leave the truck at the same time.
(The end of the bundle pushed off the truck last
has a tendency to WHIP UP and seriously injure
anyone on the truck.)

2. Stand clear several feet from any bundle
of reinforcing bars leaving a truck.

3. Wear suitable clothing. Avoid unneces-
sary belts or pockets, which could become
caught on projecting objects.

4. Be careful at stairwells, unprotected
areas, openings, etc. Remove all loose, con-
cealing coverings over or near them (or plank
over holes securely).

5. Clean or cover with abrasive material all
greasy or oily spots on a floor.

6. Never land heavy loads of reinforcing
steel on formwork that has NOT been checked
for strength.

7. Never raise bundles of reinforcing steel
by the bundling wire; use wire rope slings.

§. Be sure that slings are attached to long
bundles of reinforcing bars so that they tighten
themselves, and the bars cannot slip out of the
ip the bundle.
ever weld or ude an oxyacetylene torch
/Lgr(mﬁing steet without proper safeguards. Be

ra careful to prevent sparks setting fire to

tarpaulins.
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10. When two crewmembers are carrying
lengths of remtorcing steel, both should release
the load at exactly the same time to avoid a
serious injury.

11. When lifung heavy loads, flex your
knees, not vour back, in a stooping position to
avoid straining vour back.

F2. Watch out for concrete buggies that
could knock a person off the edge of a building
or 1nto opemngs.

13. Think ahead—turn over or bend down
projecting nails; report worn or frayed tackle;
have everything n first-class condition, ready
tor use, and use it properly.

14. 11 an nyury does occur, get first aid or
medical treatment right away,

Although these safety precautions cannot be
considered regulations unless they are issued by
wompetent authority, most of them are common
sense  measures that will prevent many an
accident.

Steelworkers must be able to assemble and
disassemble the various preengineered structures
used by the Armed Forces. These structures are
factory built to conform to military specifica-
tions. Each preengineered structure is shipped as
a complete building kit. This kit contains all the
necessary material and instructions to erect it,

ERECTION PLANNING

Although a preengineered structure is
designed to be erected in the shortest time
possible, advance planning can insure that
the structure is completed on schedule. Plan-
ning nvolves selecting the best method of
erection based on type and size of the structure,
site conditions, probable weather conditions,
capacity of available equipment, skill and
experience of personnel, time allowed to
complete the project, and other factors. For
examyle, the structure is studied to determine
whether or not available equipment can move
cach assembly or subassembly into place. Also,
not having skilled or experienced personnel
available will ¢ffect a change in the erection

T

procedure. Here a shortage of skiiled personnel
might call for handling fewer assembtics than
planned at first. Or a lack of personnel
experienced in working aloft might call for
assembling some sections on the ground.

PREERECTION WORK

Before a preengineered tructur¢ can be
erected, the Equipment Operators and Builders
prepare and finish the foundation for it. While
this foundation is being constructed, your
erecting crew should be unloading the material
from the building kit. Make sure the material is
unloaded carefully to avoid damage. At the
same time, check to see that all material on the
shipping list was delivered undamaged to the
project site. Next, the material should be
uncrated. Look for a list of items mside each
crate. Again, checkh off the items on cach list to
make sure they had been crated and weie not
damaged. These items are then moved to the
material storage site, Where practicable, they
can be placed around the project site, a< shown
in figure 211,

Make sure you have a sound foundation
before starting to erect a preengineered struc-
ture, such as a tank, tower, or antenna. When
the grade or finished foundation is well con-
structed, problems that could occur in putting
up the structure wi:l not. linagine those that
could occur in erection and maintenance of a
water tank, for example, if the foundation set-
tles unevenly and throws the steel plates on one
side of the tank slightly out of line. Remember
that the wall of the tank (consisting of steel
plates bolted together) must act as bearing walls
to support the roof.

ERECTION PROCEDURES

Erection involves ali the methods of rigging,
hoisting or lifting structural members to their
proper places, as shown on thc engincering
drawings, and making the fini;hed connections
between members, as shown on the erection
plans.

When assemblies are ready to be erected,
dlings are used to attach the sections to the
hoisting apparatus. They are attached to the
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Figure 3-11,—Material layoul.

column sections near the upper end so that
the columns will hang vertically and to the
horizontal sections so that they will be balanced.
All sections must be guided with tag lines by per-
sonnel on the ground. Only one member of the
crew should be assigned to give the crane
operator signals, and the operator should NOT
take directions from any other person, EXCEPT
FOR EMERGENCY STOP SIGNAL.

After the assemblies are raised and con-
nected temporarily, the structure must be
plumbed to bring all of its parts into the correct
position and alignment before the connections
are finally completed. When all assemblies have
been accurately fabricatad, little adjusiment will
be required.

Inspect every section to insure that each one
is placed in its propsr position in the structure
and that all the recessary fillers, shims, and
washers are properly used.

FIELD-ERECTED HOISTING DEVICES

The term FIELD-ERECTED HOISTING
DEVICE refers to a device, generally of a tem-
porary nature, which is constructed in the field,
using locally available material, for the purpose

of hoisting and moving heavy loads. Basically, it
consists of a block and tackle system arranged
on some form of sheleton siructure consisting of
wooden poles or steel beams. The tackle system
will require some form of machine power or
work force to do the actual hoisting. The
sheleton structure w:th attached tackle is heid tn
place and supported v means of guy lines
anchored to holdfasts in the ground.

HOLDFASTS

Gin poles, shear legs, and other rigging
devices are held in place by means of guy lines
anchored to HOLDFASTS. In ficldwork, the
most desirable and economical type of holdfast
is natural objects, such as trees, stumps, and
rocks. When natural holdfasts of sufficient
strength arc NOT available, proper anchorage
can be provided through the use of manmade
holdfasts. These include single picket holdfasts,
combination pichet holdfast, combination log
picket holdfasts, and log deadmen.

Natural Types

When asing trees oF stumps as holdfasts,
always attach the gurs near ground level, Of

62
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29.197
Figure 3-12.—Use of trees as natural holdfast.

course, the strength of the tree or stump is also
an important factor in determining its suitability
as a holdfast. With this thought in mind,
NEVER use a dead tree or a rotten stump. Such
holdfasts are unsafe because they are likely to
snap suddenly when a strain is placed on the
guy. Make it a practice to lash the first tree or
stump to a second one (fig. 3-12). This will pro-
‘vide added support for the guy.

t

Single Picket

Pickets used in the construction of picket
holdfasts may be made of wood or steel. A wood
picket should be at '~ast 3 inches (76.2 mm) in
diameter and 5 feet long (1.5 m). A SINGLE
PICKET holdfast can be provided by driving a
picket 3 to 4 feet (0.9 to 1.2 m) into the ground,
slanting it at an angle of 15° opposite to the pull.
In securing a single guy line to a picket, take two
turns around the picket anc then have pari of
the crew haul in on the guy as ycu take up the
slack. When you have the guy taut, secure it with
two half hitches. In undisturbed loam soil, the
single picket is strong enough to stand a pull of
about 700 pounds (317.5 kg).

Combination Picket

A COMBINATION PICKET holdfast con-
sists of two or more pickets. Figure 3-13 will give
you an idea of how to arrange pickets in con-
structing a 1-1-1 and a 3-2-1 combination picket
holdfast.

£1

v
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In constructing the 1-1-1 combination, drive
three single pickets about 3 feet (0.9 m) into the
ground, 3 to 6 feet (0.9 to 1.8 m) apart, and in
line with the guy. For a 3-2-1 combination, drive
a group of three pickets into the ground, lashing
them together before you secure the guy to
them. The group of two lashed pickets follows
the first group, 3 to 6 feet (0.9 to 1.8 m) apart,
and is followed by a single picket. The 1-1-1
combination can stand a pull of about 1,800
pounds (810 kg), while the 3-2-1 combination
can stand as much as 4,000 pounds (1800 kg).

The pickets grouped and lashed together,
PLUS the use of small stuff secured onto every
pair of pickets, are what make the combination
picket holdfasts much stronger than the single
holdfasts.

The reason for grouping and lashing the first
cluster of pickets together is to reinforce the
point where the pull is the greatest. The way
small stuff links each picket to the next is what
divides the force of pull so that the first picket
will NOT have to stand all of the strain. Using
12- t~ 15-thread small stuff, clove hitch it to the
top of the first picket. Then, take about four to
six turns around the first and second pickets, go-
ing from the bottom of the second to the top of
the first picket. Repeat this with more smal} stuff
from the second to the third picket, and so on,

26.198
Figure 3-13.—Combination picket holdfast. (A) 1-1-1
combination. (B) 3-2-1 combination.
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Figure 3-14.—Combination log picket holdfast.

until the last picket has been secured. After this,
pass a stake between the turns of small stuff,
between EACH pair of pickets, and then make
the small stuff taut by twisting it with the stake.
Now, drive the stake into the ground.

If you are going to use a picket noldfast for
several days, it is best to use galvanized guy wire
in place of the small stuff. Rain will NOT affect
galvanized guy wire, but it will cause small stuff
to shrink. If the small stuff is already taut, it
could break from overstrain. Stilf, if you MUST
use small stuff, be sure to slack it off before
leaving it overnight. You do this by pulling the
stake up, untwisting the small stuff once, and
then replacing the stake.

Combination Log Picket

For heavy loads or in soft- or wet-earth
areas, a COMBINATION LOG PICKET
holdfast is frequently used. With this type, the
guys are anchored to a log or timber supported
against four or six combination picket holdfasts.
(Sec fig. 3-14.) The timber serves as a beam and
must be placed so that it bears evenly against the
front row of the pickets. Since the holding
power of this setup depends on the strength of
the timber and anchor line, as well as the
holdfast, you must use a timber big enough and
an anchor line strong ¢nough to stand the pull.

Rock Holdfast

ROCK holdfasts are made by inserting pipes, ,

crowbars, or steel pickets in holes drilled in solid
rock. Using a star drill, drill holes in the rock
11/2to 3 feet (75 to 90 cm) apart, keeping them
in line with the guy. Remember to drill the holes
at a slight angle so that the pickets will lean away
from the direction of pull. Make the front hole
about 1 1/2 to 3 feet (75 to 90 cm) deep and the

rear hole 2 feet deep (60 cm) (fig. 3-15). After

driving pickets into the holes, secure the guy to
the front picket. Then lash the pickets together
with chain or wire rope to transmit the load.

Deadman

A DEADMAN provides the best form of
anchorage for heavy loads. It consists of a log, a
steel beam, a steel pipe, or a similar object
buried in the ground with the guy connected to it
at its center. (See fig. 3-16.) Because it is buried,
the deadman is suitable for use as a permanent
anchorage. When installing a permanent dead-
man anchorage, it is a good idea to put a turn-
buckle in the guy near the ground to permit
slackening or tightening the guy when necessary.

In digging the nole in which to bury the
deadman, make sure it is deep enough for good
beari sohd ground. The less earth you
disturb in digging, the better the bearing surface
will bé. As indicgted in figure 3-16, you should
undercut the bahk in the direction toward the
guy at an e of about 15Yfrom the vertical.
To increasf the bearing surfAce, drive stakes into

the bank sevir:,:Tzi}tyover the deadman.
A narrow, inchmed trench for the guy must

be cut through the bank and should lead to the

center of the deadman. At the outlet of the

127.63
Figure 3-15.—Rock holdfast.
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Figure 3-16.—Log deadman.

trench, place a short beam or log on the ground
under the guy (fig. 3-16). In securing the guy to
the center of the deadman, see that the standing
part—that is, the part on which the pull
occurs—leads from the bottom of the log dead-
mar. Thus, if the wire rope clips slip under
strain, the standing part will rotate the log iz a
counterclockwise direction, causing the log t»
dig into the trench rather than roll up and out.
See that the running end of the guy is secured
properly to the standing part.

Steel Picket Holdfast

The STEEL PICKET holdfast shown in
figure 3-17 consists of steel box plates with
nine holes drilled through each and a steel eye
welded on the end for attaching the guy. When
installing this holdfast, it is important that you
drive steel pickets through the holes in such a
manner that will cause them to clinch in the
ground. You will find the steel picket holdfast

especially useful for anchoring horizontal iines,
such as the anchor cable on a pontoon bridge.
The use of two or more of the units in combina-
tion will provide a stronger anchorage than a
single unit.

GIN POLE

The GIN POLE is a rig constructed from a
single pole, square timber, or steel beam. It
stands almost vertical and is supported by guys.
Loads of medium weight can be lifted from 10 to
50 feet (3 to 16 m) by a block and tackle sup-
ported on the gin pole. The hauling part of the
tackle leads through a snatch block at the base
of the pole to the source of power.

The timber gin pole shculd NOT be longer
than 60 times its minimum thickness because of
the tendency to buckle under compression. If the
pole is too short and you have to splice two
together, place the sections so that the end of
one touches the end of the other. This is calied
BUTT SPLICING. Join the sections together by
bolting wooden scabs or metal plates onto them.
Sometimes large spikes are uszd to fasten the
wooden scabs. When there is a tendency on the
part of a spliced pole to buckle, fasten an addi-
tional set of guys at the splice.

Guy lines, incidentally, may be either wire
rope or fiber line, although wire rope is usually
preferfed because of its strength and resistance
to corrosion and weathering. Generally, four
guys are considered a minimum, with 90° angles
between guys. If the pole or spar supported by
the guys is very long and slender, it may be

127.65
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!
advisable to provide support at several points on
the pole, in a tiered effect.

Guy lines should be anchored a considerable
distance from the base of the gin pole. The
recommended minimum distance from the base
of the gin pole to the anchorage of the guy line is
twice the height of the pole.

The angle of the pole is especially important
in the matter of stress. For instance, if the pole is
veruical, the stress on each after guy is practically
zero. But, when the angle between the guy and
the ground is 45°, the stress on cach guy is
almost one-half of the total load. That is why
you have to figure on using a guy that will stand
stress of at least one-half the load.

The weakest point in the gin pole assembly is
most likely to be the after guy. If you study
figure 3-18, you will see that as the gin pole is
slacked outward, distance (b) gets less and
distance (a) gets greater. After the pole has
reached a certain angle, (a) gets greater than (b),
and from then on the guy has a strain on it
greater than the weight. This increases so rapidly
45 the pole approaches the horizontal that the
amount of strain is theoretically almost infinite
when the pole 1s lying nearly flat. Obviously,
then, the nearer the gin pole is to the vertical, the
Jless the stress on the after guy, and the pole
cannot be lowered very far off the perpendicular
without setting up dangerous stresses.

3-21

The formula for finding the thrust on the
pole itself is rather complicated, and involves a
value which it would be difficult for you to
determine without some knowledge of trigo-
nometry. You can easily see that in the vertical
position the pole would be supporting a thrust
equal to, but no greater than the weight. As the
pole is slacked outward, the thrust on it, like the
stress on the guy, increases, reaching fantastic
proportions when the pole gets beyond a certain
angle.

About the best thing you can do, then, is to
remember that 2 gin pole cannot be slacked to
more than a few degrees off the vertical before it
begins to take a very heavy strain.

Rigging

The basic steps in the procedure for ngging a
gin pole are given below. Learn each step listed,
and study carefully figure 2-19, which <hows you
how a gin pole 1s erected aprd the details of the
lashings.

1. Place the pole so that the base 15 at the
spot where 1t is 1o be crected.

2. Make a tight lashing of eight or nine turns
of fiber line about 1 foot (30 cm) from the top of
the pole, with two or more of the center turns
engaging the hook of the upper block of the
tackle. Secure the ends of the lashing with a
square knot, and attach cleats to tne pole flush
with the lower and upper sides of the lashing, to
prevent the lashing from slipping.

3. Lay out guy lines, cach one about fLur
times as long as the pole. Each line make two
guys by using a clove hitch in the center which is
passed over the top of the pole above the tackle
lashing. The gusys leae from the pole,
opposite cach other, to bloch and tackle
arrangements which are attached to an anchor-
age. Thus, the length of the guy from pole to
anchorage is approximately twice the length of
the poie.

4. Make another tight lashing (as above)
about 2 or 3 feet (60 or 90 ¢m) fiom the base of
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Figure 3-19.—The gin pole.

the gin pole, and put a cleat above and below
this to keep it from slipping. This is where the
snatch block is secure.

5. Now, reeve your tackle so that the hauling
part passes from the head block, through the
snatch block, to the source of power,

6. To keep the pole from skidding while
being erected, and to keep it in place while
hoisting a load, set up a picket holdfast about

3-22

3 feet (90 um) from the pole base, and tie a line
from the holdfast to the pole base.

7. Before erecting the gin pole, make SURE
the lashings are made properly and that hooks
are moused.

Erecting

Gin poles NOT over 50 feet (12m) in length
may be raised easily by hand, but longer poles

-

9,
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mus[/ be raised by supplementary ngging or

power equipment. About 10 or more crew-
members may be needed to erect a gin pole prop-
erly, the number depending largely on the
weight of the pole. Use the following procedure
as a guide in erecting the pole.

1. Dig a hole for 1he base, beiween 6 inches
(15 cm) and 1 foot (30 cm) deep, depending on
the type of soil and the weight to be lified.

2. Lay out each guy as far as its anchorage.
If tackle 1s NOT uscd on the after guys, onc
crewmember controls the slack of each, with
turns around the anchorage as the pole is
raised.

3. You can do one ol two things to bring the
movable block down within reach. You can tie a
line to the hook of the movable block, or you
can overhaul the tackle until it is longer than the
length of ihe pole. and secure it to an anchorage
opposite the base.

‘ o

4. To raise the pole easily. start raising it by
nand to about 3 or 4 feet (19 or 1.2 m) from the
ground. Then, round in the blocks of the after
guys. While raising the pole, keep tension on the
forward guys. otherwise the pole may swing and
throw all the weight 1o one side.

5. When the pole is upright, make all guys

fast.

6. You can move the top of the pole from
vertreal to 15° forward aithout moving the base.
This 15 called DRIFTING and should be done
only while the pole is NOT loaded, unless you
can regulate the tension of all guys by tackle that
is secured at the end of each. You will drift the
pole forward when lifiing the load.

SHEAR LEGS

A

The SHEAR LEGS 15 formed by crossing
two umbers, poles, planks, pipes, or steel bars
and lashing or bolting them together near the
top. A shng s suspended from the lashed

intersection and s used as 4 means of supporting
N
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Jigure 3-20.—>hear fegs.

the load tackle system. (Sce hig. 3-20 ) In addi-
tion to the name SHEAR LEGS, this rnig often s
referred to simply as a SHEARS. (It has also
been called an A-frame.) .,

The shear legs 15 used to hft heavy machinery
and other bulky objects. It may alo be used as
end supports of a cableway and highline. The
fact that the shears can be quicklhy assembled
and erected is a major reason why 1t s used n
fieldwork.

A shears requires oniy two guy hines and can
be used for working at a forward angle. The for-
ward guy does not have much stramn imposed on
it during hoisting. This guy is used primarily as
an aid in adjusting the dritt ot the shears and in
keeping the top of the ng steady when hoisting
or placing a load. The after guy 15 a very impot-
tant part of the shears’ rigging, as it 1s under
considerable strain when hoisting. 1t should be
designed for a strength equal to one-half the
load to be hited. The same princples tor thiust

M
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on the spars apply- ~that is, the thrust increases
drastically as the shear legs go off the perpen-
dicular.

Rigging

In rigging the shears, place your two spars or
poles on the ‘ground parallel 1o each other and
with their butt ends even. Next, put a large block
of wood under the tops of the legs just below the
point of lashing, and place a small block of
wood between the tops at the same point 10
facihtate handling of the lashing. Now, separate
the poles a distance equai to about one-third the
diameter of one pole.

For lashing matenal,
small stuff. In applving the lashing, first make a
clove hitch around one of the legs. Then take
eight or nine turns around -both legs above the
nitch, working towards the top of the legs.
Remember to wrap the turns tightly so that the
finished lashing will be smooth and free of
kinks. To apply the frapping (tight lashings),
make two or three turns around the lashing
between the legs; then, with a clove hitch, secure
the end of the line to the other leg just below the
lashing (fig. 3-20Q}. . ‘

Now, cross the legs of the shears at the top
and separate the butt ends of the two legs so that
the spread between them is equal to one-half the
height of the shears. Dig shallow holes, about 1
foot (30 cm) deep, at the butt end of each leg.
The butts of the legs should be placed in these
holes in erecting the shears. Placing the legs in
the holes will keep them from kicking out in
operations where the shears is at an angle other
than vertical.

The next step 15 to form the sling for the
hosting falls. To do thjs, take a short length of
line, pass it a sufficient number of times over the
cross al the top of the shear, and ue the ends
together.

Now, reeve a set of blocks and place the
hook of the upper block through the shng; then
secure the hook by mousing. Fasten a snatch
block to the lower part of one of ihe legs, as
indicated in figure 3-20.

use_lé- or 2l-thread -

If you need to mose the foad horzontally by
moving the head of the shears, you must g a
tackle in the after guy—near its anchorage.

The guys—one forward guy and one atter
guy—are secured next to the top ot the sheais.
Secure the forward guy to the rear feo and the

after. guy 1o the front leg, using a love hiteh n
both instances. (See fig. 3-20.)
Erecting

Several crewmembers ard nocdud tor safe,
efficient erection of the shears. the number

being determined largely by the size of the nig.
To help insure good results, the crection crew
should lift the top of the frame and walk 1t up by
hand until the after guy tackle system takes ovet
the load. When this pomnt is reachal, complete
the raising of the shears into fmal postuon by
hauling in on the tackle.

Remember 0 secure the forward vuy 1o 1y
anchorage betore raisimg the leg. and mamtam
a slight tension on the hne 1o wontel the
movement. Also, afrer the hears ha been
raised, lash the butt ends with cinan, hine, o
boards to keep them from spreading v hen aload
is applied.

TRIPOD

A tripod consists of three legs ot equat length
which are lashed together at the top (See tig.
3-21.) The fact that the tripod can only be used
where hoisting is vertical places 1t at a distinet
disadvantage in comparison with other hoisting
devices. Its use witl be fimited promanty to jobs
that involbe hoisting over wells, mme shatis, o
other excavations. A major advintage ot the

tripod is its great stabihity. ln addstion. 1t

requires no guys or anchorages. and 1's load

capacity is approximately 1 1 3 fahe o greaten
S

than for shears made ot the « tze timbers
The legs of a tripod generully e t..ade ol

umber poles or pipes. Materials usod oi lahing

include fiber line, wire rope, and Jhamn<\etal |

rings joined with short chayn section. are aho
available for insertion over the top e the fpad
legs,.

!
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Figure 3-21.—Tripod.

Rigging .

The strength of a tripod depends largely on
the strength of the material used for lashing, as
well as the amount of lashing used. The fol-
lowing procedure for lashing applies to line 3
inches (75 mm) in circumference or smaller. For
extra heavy loads, use more turns than specified
in the procedure given here;] for light loads, use
fewer turns than specified here.

As the first step of the procedure, take three
spars of equal length and place a mark near the
top of each to indicate the center of the lashing,
Now, lay two, of the spars parallel with their
TOPS resting on a skid (or block). Place the

A

third spar between the two, withsthe BUTT end
resting on a skid. Position the spars so that the
fashing marks on all three are in line. Leave an
interval between the spars equal to about one-
half the diameter of the spars. This will keep the
lashing from being drawn too tight when the
tripod is erected.

With the 3-inch (75 mm) line, make a clove
hitch around one of the outside spars; put it
about 4 inches (10 cm) above the lashing mark.
Then make eight or nine turns with the line
around all three spars. (See view A, fig. 3-22.) In
making the turns, remember to maintain the
proper amount of space between the spars.

Now, make one or two close frapping turns
arqund the lashing between each pair of spars.
Do not draw the turns too tight. Finally, secure
the end of the line with a clové hitch on the
center spar just above the lashing, as shown in
view A, figure 3-22.

There is another method of lashing a tripod
which you may find preferable to the method
just given. It may be used in lashing slender
poles up to 20 feet {6 m) in length, or when same
means other than hand power is available for
erection.

First, place the three épars parallel to each
other, leaving an interval between them slightly
greater than twice the diameter of the line to be
used. Rest the top of each pole on a skid so that
the end projects about 2 feet (60 cm) over the
skid. Then, line up the butts of the three spars,
as indicated in view /B, figure 3-22.

Next, make a clove hitch on one outside leg
at the bottom of the position the lashing will
occupy, which is about 2 feet (60 cm) from the
end. Now, proceed to weave the line ovir the

. middle leg, under and around the ouicr outside

leg, under the middle leg, over and around the
first leg, and so forth, until completing about
eight or nine turns. Finish the lashing by forming
a clove hitch on thé other outside leg, as shown
in view B; fig. 3-22.

Erecting

In the final position of an erected tripod, it is
important that the legs be spread an equal
distance apart. The spread between legs must
be not more than two-thirds, nor less than
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Figure 3-22.--Lashings for a tripod.
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one-halt, the length ot a leg. Small tnpods, or
those lashed according to the first procedure
given 1n the preceding section, may be raised by
hand. Here are the main steps which make up
the hand-erection procedure.

Start by rarsng the top ends of the three legs
about dtee 1 2 my), heeping the butt ends of the

legs on the ground. Now, cross the tops of the
two outer legs, and position the top of the third
or center leg so that it rests on top of the cross.

A sling for the hoisting tackle can be
attached readily by first passing the sling over
the center leg, and then around the two outer
legs at the cross. Place the hook o the upper
block cof a tackle on the sling, and secure the
hook by mousing.

The raising operation can now be completed.
To raise an ordinary tripod, a crew of about
eight members may be required. As the tripod is
being lifted, spread the legs so that when it isin
the upright position the legs will be spread the
proper distance apart. After getting the tripod in
its final position, lash the legs near the bottom
with line or chain to keep them from shifting.
(Sec fig. 3-21.)

Where desiraL ., a leading block for the
hauling part of the tackle may be lashed to one
of the tripod legs, as indicated in figure 3-21.

In erecting a large tripod, you may need a
small gin pole to aid in raising the tripod into
position. When called on to assist in the erection
of a tripod lashed according to the first lashing
procedure described in the preceding section, the
first thing to do is to raise the tops of the legs far
enough from the ground to permit spreading
them apart. Use guys or tag lines to help hold the
legs steady while they are being raised. Now,

“with the legs clear of the ground, cross the two
outer legs and place the center leg so that it rests
on top of the cross. Then, attach the sling for the
hoisting tackle. Here, as with a small tripod,
simply pass the sling over the center leg and then
around the two outer legs at the cross.

BOOM DERRICK

The. BOOM DERRICK consists of a mast
with a boon¥ attached, as shown in figure 3-23.
1t may be used to move weight in any direction.
You will find the boom derrick useful for
joading and unloading trucks and tlat cars when
the base of weight-lifting equipment cannot be
set close to the objects to be lifted. It is also used
10 advantage on docks and piers for unioading
boats and barges.

For medium loads, the boom may be rigged
to swing independently of the mast, as shown in
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Figure 3-23.—Boom derrick.
f1gure 3-23. For heavy loads, the boom may be pole or mast to it. In such a case, one mast is
et on a turnplate or turnwheel and 1t and the fixed: the boom 15 rigged 10 the other mast, ‘
mast rigged 1o swing a> a unit. On more perma- which 1s set on a turnplate. This provides rigid
. nent installations, 1t 15 good practice to ng the guymg, with a swing of more than 180° on the !
’ mast separately and to strap another boom, “
i
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In case the proper size of line is NOT
available, a set of tackle reeved with the same
size line as that used in the hoisting 1ackle may
be used as a guy by extending the tackle from the
top of the derrick to the anchorage. See that the
block attached 16 the derrick is lashed at that
point where the other guys are tied and in the
same manner.

Rigging

In fieldwork, you may be called cn fre-
quently to assist in rigging a boom derrick. For
medium loads, follow the rigging procedure
given below.

The first step is 1o rig a mast, and lash the
tackle on, which is used as the topping lift. If the
hauling part of the topping lift tackle comes
from the movable block, lash a fairlead block to
the mast 2 or 3 feet (60 or 90 cm) below the top-
ping lift lashing.

For your boom, select a pole, timber, steel
pipe, beam, or iaminated plank of the same
diameter as the mast, but only about two-thirds
its length. Autach two cleats to the butt end of
the boom and lash them with small stuff to form
a fork, as shown in figure 3-23. This fork is to
keep the boom from getting away from the mast
while rnoving a load from side to side. Use cleats
long enough to extend from the butt end of the
boom past the mast. About 4 feet (1.2 m) above
the point where boom meets mast, attach two
cleats into the mast, and place a lashing of at
least four turns of small stuff above'the cleats.
keeping two ends free.

Using a sling attached 1o the topping lift,

raise the butt end of the boom as high as you _

want it. With the free ends from the lashing on
the mast, make a sling to support the butt end of
the boom.

Lash the movable block of the topping lift to
the top end of the boom, and lash the fixed
block of the boom tackle at the same point. The
boom tackied is reeved so that the hauling part
comes from the fixed block and passes through a
fairlead block lashed at the base of the mast.

Erecting

Raise the boom into position after the above
rigging is completed. When working with heavy
loads, see that the base of the boom 1ests on the
ground at the foot of the pole. When working
with light loads, a more horizontal position may
be used, thus providing a greater radius. In no
case should the boom bear against any part of
the upper two-thirds of the mast.

To swing the boom, push directly on the
:.0ad, or pull the load with bridle lines or tag
lines. The angle of the boom to the mast is
adjusted by hauling on the hauling part 6f the
topping lift. The load is raised or lowered by the
hauling part the boom tackle. A fairlead
block (snatch block) is usually placed at the base
of the mast. The hauling part of the boom tackle
is led through this fairlead block to a hand- or
power-operated winch for the actual hoisting of
the load.

POLE DERRICK

Various types of light-hoisting equipment are
sometimes used on construction projects. A

& ONE GUY
i e
ONE OR TWO
GUYS j
s
/WINCH |
- S .
[
47xb”
TACKLE
\\ ARRANGEMENT
]
6 xb”
121.72

Figure 3-24. —Pole derrick, or Dutchman.
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tvpical example s the POLE DERRICK, also
known as a DUTCHMAN, illustrated in figure
3.24. This deviee 1s otten powered by means of a
hand-operated or engine-driven winch. [t can be
et up readily i the tield and moved about from
job 1o job.

The pole derrick is essentially a gin pole con-
structed with g sttt and with knee braces at the
kottom. Also, guys usually are instailed fore and
att. The pole dernch s suitable for lifting loads
ot 1ot 2tons (0.9 ot 1.8 meiric tons). Since it is
hight m weight and has few guys, the device can
be moved readily trom place to place by a small
CIeW

OTHER HOISTING EQUIPMENT

The two sources vf power you will use in
hosting are your work force and machine
power,

195.11
Pagure 3-25. -Spur gear hoist,

Of the two, machine power is morduniform. On
a single vertical line, a crewmembpr of average
weight can pull with a force of} 100 pounds
(45 hg), while on a single horizoyital line the
came crewmember can pull with a fyrce of only
60 pounds (27 kg). When you get sexeral crew-
members on a single line, there is n§ way (o
measure the actual strength each crewgnembetr
puts into the combined pull. When youthave to
use a lot of crewmembers, you will not bdable to
get enough personnel on a vertical line because
of limited space. In this case, you should change
the line to a horizontal pull by using a snatch
block as a fairlead.

Machine power is much more predictable. In
fact, all cranes have lift tables that show you
their lifting capacities on the basis of a single-
line pull. The power from winches and other
hoists is also figured cn a single-hne pull.

As you already know, you can change your
advantage by reeving different types ol pur-
chases. Always make the mechameal advantage
fit your source of power. With some puichases,
vou have the extra feature of being able to
merease mechanical advanttage without a greatet
loss of friction. A good example of thus 1s the
fuff upon luff, which has twice the mechanical
advantage of a threefold purchase, while the
friction loss of 60 percent is the same with both,
Because the friction loss remains the same on a
fuff upon tuft, the use o it saves wear and tear
on equipment.

CHAIN HOISTS

Chain hoists provide a comvenient means for
hotsting heavy objects. When a cham is used, the
load can remain stationary without requiring
attention. The slow lifting travel ot achain hoist
is also advantagcous 1 that 1t pernits small
movements, accurate adjustments of height, and
cautious handling of loads.

Chain hoists differ widely v then iechanical
advantage, depending upon their rated capacity.
The mechanical advantage may vary trom 5 to
250—1that 15, the ratio 5:1 10 250:1. Two types of
chain hotsts generally used for vertical hoisting
operations are the spui gear hoist and the dit-
ferential chain hoist.

The SPUR GEAR HOIST (See fig. 3-25.) is
best tor ordimary  opearations  that  require
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195.11A

Figure 3-26.—Differential chain hoist.
&

frequent use of a hoist and where a minimum
number of crewmembcrs are available to operate
it. The spur gear hoist is about 85 percent effi-
cient. In other words, about 85 percent of the
energy exerted by the operator is converted into
useful work for lifting the load. The remaining
15 percent of the energy is spent in overcoming
friction in the gears, bearings, chains, and so on.

The DIFFERENTIAL CHAIN HOISTS
(See fig. 3-26.) is suitable for light loads
and where only occasional use of the hoist is
involved. This hioist is only about 35 peicent
efficient. i

A ratchet-handle pull hoist, commonly called
a COME-ALONG, can be obtained and will
prove beneficial for making short, horizontal
pulls on heayy objects. A typical come-aleng,
having a rated capacity of 1 [/2 tons, 1s shownin

3-30

127.69
Figure 3-27.—Come-along.

figure 3-27. You will find the come-along to be
one of the most useful hoisting devices available.
The chain will NOT foul up because it is flexible
and cannot kink. The chain is kept in place in
the sheave by a hardened steel-load chain guide.

The load capacity of a chain hoist usually is
stamped on the shell of the upper block. The
rated load capacity of hoists runs from 1/2 ton
(0.45 metric tons) upward to 40 tons (36 metric
tons).

The lower hook is usually the weakest part in
the assembly of a chain hoist. This is intended as
a safety measure so that the hook will start to
spread open if overloaded. Spreading in a hook
is a signal to the operator, warning that the
chain hoist is nearing the overload point.
Thus, close observance on the part of the
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127.70
Figure 3-28.—Single drum hand winch,

necessary to detect any sign of
overloading in time to prevent damage to the
chain hoist. Under ordinary circumstances, pull
exerted on a chain hoist by one or two Crew-
members is NOT enough to overload the hoist.

Frequent inspection of chain hoists is
necessary to insure safe operation. A hook that
shows signs of spreading or excessive wear
should be replaced. If links in the chain are
distorted, the chain hoist has probably <been
overloaded. In such a case, see that ‘the chain
hoist is condemned and removed from service
immediately.

operator is

WINCKHES

Winches are frequently used as a source of
power for operating hoisting rigs, particularly
gin poles, heavy-duty derricks, and light-
hoisting equipment, such as pole derricks. A
WINCH, generally speaking, is a device having
one or more drums on which line or wire rope is
wound and is used for hoisting or hauling of
materjals or objects. Both hand-operated and
engine-driven winches of various types are
available.

A single-drum, hand-operated winch similar
to the one shown in figure 3-2% is suitable for
lifting light loads. Single-drum‘hand winches are
available in various capacities, including 2,5,6,
and 15 ton (1.8, 4.5, 5.4, '2.5 metric tons)
capacities.
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Guy

Guy

127.11
Figure 3-29.—Using a vehicular winch for hoisting,

Hand-operated winches are generally
mounted near the foot of the rig where they can
be operated efficiently; nctice the location of the

- winch on the pole derrick shown in figure 3-24.

In hoisting and moving heavy objects in the
field, engine-driven winches may be used with
tackle. Vehicular-mounted winches are also
widely used (fig. 3-29). Sources of power for
power-driven winches include diesel, gasoline,
compressed air, or steam engines, as well as elec-
tric motors. When vehicular-mounted winches
are used, the vehicle should be placed so that the
operator can keep a close watch over the load
during hoisting.

When setting up a power-driven winch to
operate hoisting equipment, make sure you give
careful consideration to these two factors:
(1) the angle with the ground which the hoisting
line makes at the drum of the hoist, and (2) the
fleet angle of the hoisting line winding on the
drum.

In consideting. the ground ~ngle, remember
that if the hoisting line leaves the drum at an
angle upward from the ground, the resulting pull
on the winch will tend to lift it clear of the
ground. In this case, a leading block should be
placed in the system at some distance from the
drum in order to change the direction of the
hoisting line to a horizontal or downward pull. '
The hoisting line must be overwound or under-
wound on the drum—as may be necessary—to
prevent a reverse bend.

As for the fleet angle, bear in mind that the
distance from the drum to the first sheave of the
system is the controlling factor. Place the drum
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29.65
Figure 3-30. —Crane rigged with boom and lifting hook.

oi" the winch so that a line from the last
block passing through the center of the drum is
at right angles to the axis of the drum. The angle
between thi« lire and the hoisting line as it winds
on the drum is referred to as the FLEET
ANGLE.

As the hoisting in wound in on the drum,
1 moves from one fl to the other, causing
the fleet angle: to chang.  aring the hoisting pro-
cess. See that the fieet angle does NOT exceed
2° and, where possible, keep it below this. A
1 172° maximum angle is satisfactory and will be
obtained if the distance from the drum to the
first sheave 15 40 inches (100 cm) for each inch
(2.5 cm) from the center of the drum to the
flange. The wider the drum of the hoist, the
greater the lead distance must be in placing the
winch, | .

Most winches, even those made by the same
manufacturer, differ from each other in their
operation. If you are not familiar with the
operation of a winch 1o be used on a job, study

ERIC
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the operating procedure described in the manu-
facturer’s manual beforehand. The fundamen-
tals of winch operation must be understood to
insure safe, efficient handling of materials. The
use of hand signals in giving directions to
operators of winches is especially important 1o
the safety of both the crewmember and the
material being hoisted.

CRANES

The crane is one of the most useful pieces of
construction equipment. It is also one-of the
most versatile. For instance, by rigging the crane
chassis with a boom and lifting hook, you have
an excellent device for lifting and moving heavy
materials, machinery, and 'other objects. (See
fig. 3-30.) The capacity of ithe crane for lifting
depends on the boom length and angle. The
capacity will be noted inside the cab of the crane
and this capacity should NOT be exceeded. You
will not be required 1o operate the crane, that is
the job of the Equipment Operator. But there
are other important jobs, such as that of
hook-on man or signalman, and you must be
able to handle either ot these.

MANIPULATION OF HOISTING
EQUIPMENT

The Steelworker’s responsibilities do not end
once the hojsting device is rigged and in place.
The Steelworker must still be able to attach the
load to the hoisting device and direct the move-
ment of the hoisting mechanism in moving and
positioning the load.

HOOK-ON MAN

As a hook-on man, you will be respensible
for hooking lines onto loads or slinging loads.
Here are some pointers that will help vou do this
job safely and efficiently.

In using slings to attach kifts to" hoisting
equipment, always make sure that you use only
approved safe methods for fastening the slings
1o the load and 1o the hook. There should be no
question in your mind as to the load being
secured against slipping. [t 15 important, of
course, that the load be carefully calculated in

Y
o
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FINGER POINTING - UP
NAND MOVED RAPIDLY
BACK AND FORTH-

“UP EASY!™ POINTING
DOWN, SAME MOVEMENT -
“DOWN EASY" OR

" $LOW DOWN, READY TO
sToP,

\),

?

STEADY FINGER UP .
*UP FULL SPEED "
STEADY FINGER DOWN
* DOWN FULL SPEED. "

3

HAND MELD OUT FLAT -
“STOP*

4, FINGER POINTING INTO PALM
OF HAND - ' MOVE LOAD

OR SHIFT BOOM IN DIRECTION
FINGER IS POINTING. "'

127.73

Figure 3-31.—Suggested system of hand signals to winchmen.

advance, and no attemnpt should ever be made to
lift a load greater than the rated capacity of the
hoisting device.

Remember that a load should never be
carried on the point of a hook. Box hooks
should only be used for raising medium weight
boxes and crates to a height to enable placement
of slings or dunnage.

When *‘‘choking”’ a load, place the shackle
so that the pin will ride in the eye of the
pendant—not in the standing part—and not
unscrew.

Always exercise special care in hooking up a
load to see that wire ropes or chains are kept free
of kinks and knots. In addition, make sure that
chains or slings do not dangle or drag under a
load. .

Before a load is hoisted, always check to see
that it is properly balanced in the sling. Check
the upper block to make sure it is directly over
the load to avoid swinging of the load.

When withdrawing slings from underneath a
load—after the load has been landed—exercise
care to prevent the slings from flying loose and

striking someone or catching and tipping the
load. For protection of slings, remember to use
pieces of rounded wood or old rubber tires on
sharp corners, especially in cases where the sling
might slide.

The hook-on man should be thoroughly
familiar with the hand signals used to direct the
operators or hoisting equipment. Appendix
illustrates hand signals which are used for
directing crane and derrick operators.

In the case of winches, there is no standard
system of signals as with cranes. However, you
will probably find the signals shown in figure
3-31 to be clear and effective for all practical
purposes. If you can improve on it, doso, but be
certain in any event that you have some definite
set of signals familiar to all hands and never

.deviate from it. When winchmen get confused,
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accidents can easily occur.

SIGNALMAN

As a signalman, you will probably be in
charge of ‘a rigging crew. It is a responsible job
and should be filled only by experienced,
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qualified personnel. In addition to knowing the
technical aspects of the job, the signalman
should be a calm, cool-headed, nonexcitable
type of person. These characteristics are essen-
tial because if something should go wrong in
hoisting or moving a heavy load, the safety of
personnel, as well as the extent of damage 1o
materials and equipment, may very well depend
on the ability of the signalman to take proper
action in a HURRY.

i,

NOTE: An in;porlanl phase of your job as

signalman is to give hand signals to the operators
of hoisting equipment. Prior 1o starting the job,

it is important that the Steelworker check with -

the Equipment Operator 1o make sure that all
signals used will be understood.

One person only should be designated as
signalman, and the Equipment Operator should
accept signals from that person oaly. One excep-
tion to this rule is an EMERGENCY STOP,
which may be given by any person and must be
obeyed by the Equipment Operator. It is a good
idea that the signalman wear some conspicuous
article of dress, such as a brightly colored helmet
or an armband, This arucie of dress enables the
Equipment Operator 1o easily distinguish the
signalman from other workers.

In addition to giving hand signals, the
signalman usually handles various other duties
of a responsible nature. As supervisor of the rig-
ging crew, a signalman 1y responsible for the
safe, efficient handling of the loads to be
moved, as well as the SAFETY of the crew.
Here are some precautions that should be
carefully observed 1n each instance where
applicable to the job at hand.

Be sure the Equipment Operator knows what
is to be done. Before starting a job, have the
Equipment Operator conduct a thorough inspec-
tion of all safety devices, such as hoist controls,
brakes, and clutches.

Make certain that each member-of your crew
wears the proper safety apparel.

See that dunnage is placed on the spot where
you will place a heavy object. It will be easier to
tnsling or hook onto agan. This also protects
the load from moisture and rotting. (Dunnage is
scrap material used for temporary platforms

Con

under heavy loads, for softening loads, and in
somu cases for securing loads to heep them from
slipping.)

Remember that only a board or crowbar
should be used to adjust dunnage under a load,
and insure that your personnel keep their hands
and feet from under the load at ALL times.

See that tag lines are used to guide loads
whenever there is a possibility ef the load
moving out of control. Tag lines should be of
adequate length and kept free of loops and
knots.

Before giving a signal for hoisting, check to
make certain all members of the crew have
removed their hands from the slings, hooks, and
the load. In addition, see that all persons are
clcar of the bights and the snatch block lines,
and that all loose parts or objects are properly
secured.

Know the load capacity of the rig being used,
and see that its capacity is NOT exceeded. When
iifting a heavy load, first raise it a few inches and
fet it hang a moment so you can see if the load is
balanced and whether the brakes of the hoist are
all right. Also, keep an eye on the load as it is
hoisted.

HOISTING SAFETY

Basically, every hoisting operation involves
placing relatively few strength members under
the repeated strain of lifting and moving heavy
objects. One might think that the primary cause
of accidents and injuries incurred in hoisting
operations would be material failures. However,
analysis of accident reports shows that more
than 80 percent of hoisting mishaps and injuries
are the direct result of unsafe acts and practices
on the part of the personnel involved. Further
scrutiny of accident records indicates that the
hazardous actions summarized below have been
the predominate causes in many of these
hoisting accidents.

. Backing and turning machines, swinging
booms, lowering loads, and performing simiiar
operations without looking, giving warning, or
signaling.

&0
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2. Getting on and off hoisting equipment,
such as a crane, while it is in operation, and
nding on howsted lqads when not authorized to
doso. .

3. Operating hoisting equipment with defec-
tive brakes, clutches, or other improperly
functioning parts.

4, Working under loags hoisted or sus-
pended aloft.

S Operating cranes too close (o po“erlme«
and 'without adequate watches or supervision.

6. Failure to secure booms or other movable
parts of hoisting equipment prior lo repairing,
leaving, or moving the machine.

7. Failing to use personal protective devices
or clothing.

Lowerning a hoist line and boom with h&e‘}_g
on the hook at the same time is prohibited. The
speed of lowering 2 load should NEVER exceed
the hoisting speed. Attempting a sudden or
emergency stop while lowering at high speeds
will produce dynamic siresses on hoisting gear
that are far in excess of the normal static weight
of the load. The force may be sufficient {0 cause
sudden and violent failure of the hoisting gear.

Steelworker nggers who work close to crancs
should be careful to avoid situations w here they
might be caught and crushed between some sta-
tionary ObJCLl such as a wall and the rear of the
crane as it is turned.

Nobody should be p.rmitted to ride on the
load being hoisted unless unusual circumstances
require it, and then only with the permission of
the Steelworker ngger in charge and with the ap-
propnate safety belt, lifeline, or stmilar precau-
tions being used.

Riding of the hoist block or hook should
NOT be allowed.

All hoisting chains should be nspecied by
the signalman at frequent ntervals for such
defects as stretch of more than 5 percent oniginal
length, wear of greater than 25 percent of
original thickness, gouge marhks, open welds, or
fractures as ndicated bv very fime surface
cracks. Any chamn found with these defects must
be removed from service. In a sense, chains are
not as rehiable as fiber line or wire rope since
they can break without any warmng,

Brakes used on cranes and winches are often’
subject to temporary falure when the linmgs
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become wet due to rain or under certain
atrhospheric- conditions. Hoisting crew leaders
should have the Equipment Operators check
brakes and linings often during adverse weather
conditions.

All personnel should be kcpl clear of areas
near or under the boom or suspended load
during hoisung opeations. 1t should be
remembered that if a boom fails, it will usually
swing some distance laterally rather than fall
straight down. Therefore, it is NOT adequate to
merely clear personnel from the area directly
beneath the boom or load. The) must be kept
clear of areas to cither side as well. Thus, riggers
should move well clear of the boom or load
before a strain is taken on the hoisting line.

If it can be avoided, crane booms should
never be operated near high tension powerlines.
If work must be done in their vicinity, an effort
should first be made to have the powerlines
deemrg,izcd betore starting work. If deener-
gizing is NOT possible, then a watch should be
posted to make sure that the boom or hoisting

cable NEVER comes closer than 10 feet (3 m) to

the high tension wires. Operators should not be
allowed o depend on chains or other grounding
devices dragging along the ground to give pro-
tection against electrical current  discharges
through the crane. Such devices cannot safely
ground a crane, and they give the operator a
false sense of sccurity. If a boom or cable does
touch a powerline, ground personnel must not
touch any part of the crane or touch the
operator until the operator has jumped clear of -
the equipment. Under ro circumstances should
the operator dismount from the machine by
climbing down the side, thereby permitting his
body to come m contact with the machine and
the ground at the same time.

When hoisting with a boom dernck and
work is temporanly stopped and the derrick is
wdle, make sure the boom 1y lowered to a hori-
sontal position or tied in place to prevent wind
from bl(\\\;m~ it out of control. See that all rig-
ging gear is properly stored when not in use.

Finally, Steclworker riggers must take care' to
wear the necessary protective clothing;
spectfically . hard hats, safety shoes, gloves, and
work shirts with the sleeves rolled down, or
jachets to protect armis and torso from contact
with sangs.

o
f-;




As a Steelworker First Class or Chief, you
will be responsible for conducting construction
maintenance inspections. This chapter contains
information that you can apply in conducting
your mspections of new construction, work
areas, tools and equipment, welding operations,
reinforcing steel erection, and prefabricated
structures. Also, it provides technical advice
on construction and maintenance techmiques,
including the safety measures to be taken by per-
sonnel engaged in steelworking operations.

RESPONSIBILITIES OF INSPECTCORS

The +alue of visual inspections depends’
largely upon the qualifications of the inspector.
If inspections are to serve as a tool of quality
control, they should be performed only by well-
guahfied persons. A main requirement of the
inspectors is that they have a thorongh knowl-
edge of the materials, specifications, tech-
niques, procedures, and so on, commonly used
in the work to be inspected. . Another majcr
requirement is that they have a keen eye for
detecting defects by visual-gxamination of the
worx. Besides knowing what to look for in the
way of defects in the work produced, the inspec-
tors must also be able to observe personnel per-
forming jobs and to recognize any errors in
technique, operational conditions, or other
pnases of workmanship,

The prime function and responsibility of the
inspectors of new construction is t¢ assure that
the work 1s pertormed in 21l respects in accord-
ance with the drawings and specifications. These
requirements are usually—but not always—suf-
ficiently exacting to necessitate high standards of
quality, both in materials and workmanship. In
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the case of temporary or emergency construc-
tion, quality requirements may be lowered inten-
tionally. The inspectors, therefore, must be
careful to ascertain that the work is of the
required quality, and they must also be equally
careful not to demand a quality of work superior
to that required.

In some cases, the specfﬁcations for a project

establish definite tolerances over or under the

acceptable measurements. Here the inspectors

_have only to verify that the work is within the

specified limits. On most phases of the work,
however, specific tolerances cannot be fixed, or
at least are not fixed. Thep good judgment is
necessary in interpreting requirements, such as
plumb, true, and level. The intention is that
workmanship shall be of the mos: suitable grade
for the purpose. The inspectors, therefore,
should have a comprehensive practical knowl-"
edge of the grades of workmanship appropriate
in the various classes of structures and in the
various details of the work.

The degree of the accuracy appropriate is
dependent on many factors. Structural framing
may have to be true within 1/16 inch, or in some
cases within 1/8 inch. Concrete work can seldom
be held closer than 1/8 inch, and in some special
types of structures, much larger tolerances must
be permitted and allowed. !

The inspectors must assure themselves that
the principal centerlines, column lines, and con-
trolling overall dimensions and elevations are

correct; that minor errors are not permitted to ~

accumulate but are conpensated continuously;
that exposed work is visually acceptable; and
that special care is taken when greater than
ordinary precision for a type of work is
necessary for some special reason.

{
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It is important that the inspectors make clear
at the outset of the work what will be expected
and make sure that the imtial portions of the

’"“‘Workfigillhthese expectations. 1t will invariably
be foun at the standards of accuracy estab-
lished and enforced during the first few days of
work will set the pattern for the rest of the work.
The inspectors must be consistent in the stand-
ards they exact. They must be reasonable, but
they cannot be lenient. ‘

Inspection of temporary construction must
be limited to that sufficient to assure that the
work is adequate and safe for the purpose. The
inspectors should, however, be alert to note any
defective construction, unsound materials,
possible weaknesses, or hazards and bring any
discrepancies to the attention of their superior.

An extremely important and relatively dif-
ficult phase of inspection is in the checking of a
project as it nears completion to make sure that
every item required for completion of the pro-
ject has actually been provided. It is essential
that a checkoff system be used for this purpose
and that the system adopted be initiated early
enough that ample time will be available for
delivery and installation of any items over-
lookerl. This is particularly necessary in times
of emergency wheh long lead time between
ordering and delivery is being encountered for
many critical items of material and equipment.
The inspectors must maintain strict watch over
cleanup items, particularly where portions of the
work may be concealed in later stages. Because
of the inherent tendency of construction projects
to drag out to a slow finish, the inspectors will

_have to exert correspondingly greater pressure to
obtain full and expeditious compliance with the
requirements in this respect.

The inspectors may be responsible for main-
taining accurate and detailed records of the per-
formance of the work and of other pertinent
matters.

Since they work with contractors and other
persons in private industry as well as with
military personnel, inspectors must understand
human relations and behave accordingly. This
means being tactful, courteous, and absolutely
honest, also trustworthy, loyal, diligent, and

punctual. In addition, dealing with people

requires inspectors to be dignified, steady, and

poised. When inspecting their subordinates,-

inspectors must be firm, but fair. They must
avcid showing any favoritism or partiality. In
particular, they must also avoid making any
statements or taking any action that might
discredit another supervisor or foreman in the
presence of subordinates. A harmonious rela-
tionship is better than one hampered by friction
and discord.

WORK AREAS, TOOLS,
AND EQUIPMENT

When work areas, tools, and equipment are
inspected, all necessary precautions must be
taken to insure the safety of all personnel. Given
below are some pointers that should help you in
making safety inspections of work areas, tools,
and equipment and also in supervising construc-
tion operations.

WORK AREAS

When making a safety inspection of work
areas, watch carefully for potential hazards and
unsafe conditions. Insure that equipment is
arranged to permit working on material with a
minimum of handling so that work can flow in
an orderly and iugical sequence. In addition, see
that ciearances around the equipment are ample
to prevent congestion and avoid interference
with the operation of other equipment.

Make sure materials are properly stored and
walkways are kept clear. Materials should be
piled so that they cannot roll, fali, tumble, or be
blown over.

Be especially watchful of housekeeping prac-
tices in work areas and insure that potential
hazards to personnel or equipment are corrected
immediately. Work areas should be kept clean
and orderly at alf times. Oily rags and other such
debris snould be disposed of in approved safety
containers.” See that small parts, tools, or
equipment—-such as bolts, nuts, ahd wrenches—
are not left lying around where som#&&ne may fall
over them.

Insure that planks, timbers, ot blocks con-
taining projecting nails are removed immediately
from the jobsite or placed in orderly piles where
personnel are not likely to stumble or fall over
them.
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Check carefully to see that individuals
observe all applicable safety precautions in per-
forming their duties. In doing so, insure that
they wear personal protective apparel, such as

J goggles, safety belts, helmets, gloves, and safety

shoes where required. See that safety equipment,
such as safety screens, is also used on operations
where required.

Make sure that necessary warning signals are
plaged to provide proper and adequate warning
of hazards. These signals should be removed as
soon as the hazards have been eliminated.

HAND AND PORTABLE TOOLS

When inspecting hand and porteble tools,
insure that they are in safe and proper working
condition, and that tools are used only for their
proper purpose and in the manner prescribed.

See that handles on handtools are free from
slivers or other defects.

NOTE: Defective handles should not be
repaired by taping.

Check closely to see that the gripping sur-
faces of tools are kept free of grease, oil, or
other slippery materials.

Insure that defective or damaged tools are
not used or that they are repaired or disposed of
immediately. '

See that power tools are used only when the
user is in a secure working position and braced
against falling. Sudden cessation of operation,
or kicking or bucking of the tool may result ina
fall.

Make surc that operators of drills, reamers,
and other rotating tools do not wear loose
clothing, neckties, or gloves.

See that power machines are operated only
by qualified personnel; that guards are kept in
place during operation of machines; and that

hands, as well as tools, are kept clear of all

moving parts of a machine while it is in
operation.

Toois left lying around on benches, near
machines, 21d on floors and ladders can cause
accidents—znd get lost. See that tcols are
returned to their proper place of storage when
not needed on a job.

Mushroomed and burred heads on striking
tools can cause serious injury—see that the
keads are ground down when required.

Insure that all hand-held power tools are
grounded. On three-pronged plugs, this is done
automatically when the plug is inserted into an
electrical outlet, PROVIDED both the plug and
outlet are wired cerrectly. Tools having a
two-pronged plug and distinctively marked
“DOUBLE INSULATED,” are not required to
be grounded. Tools having a two-pronged
plug not marked as double insulated must be
grounded, either by connecting a built-in third
wire to a known ground (cold water pipe, cover
plate screw of a grounded outlet, etc.), or by
connecting a third wire between the frame of the
tool and a known ground. In addition, all tools
of the grounded type must be used only on a cir-

_cuit which is protected by a ground-fault circuit-

interrupter device.
FIBER LINE AND WIRE ROPE

Ia steelworking operations, such as hoisting
and moving heavy loads, you must be concerned
with the strength and safety of fiber line and
wire rope. Thorough inspections, conducted at
regular intervals, are nccessary tQ determine
whether fiber line or wire rope is in good condi-
tion and of sufficient strength. Rules-of-thumb
are used in computing the safe working load of
fiber line and wire rope.

The outside appearance of a FIBER LINE is
not always a gord indication of its internal con-

dition. Fiber line will soften with use. Depending

on the manner in which it is handled, it will
deteriorate more or less rapidly. Dampness,
heavy strain, the fraying and breaking of
strands, and chafing on rough edges, all weaken
the line considerably. Overloading of a line may
cause it to break with possible heavy damage to
material and serious injury to personnel. For this
reason, inspect the line carefully to determine its
exact condition. Untwist the strands slightly to
open the line so that the inside can be examined.
Mildewed line will have a musty odor, and the
inner fibers of the strands will have a dark,
stained appearance. Broken strands or broken
yarns ordinarily are easy to find. Dirt and
sawdust-like material inside the line, caused by
chafing, indicate damage. In line having a
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central core, the core shouid not break away in
small pieces upon examination. If this happens,
it indicates the line has been overstrained. Since
any weak point in the line weakens the entire
line, examine it at a number of places. If the line
appears 1o be satisfactory in all other respects,
pull out two fibers and try to break them. Sound
fibers should offer considerable resistance to
breakage. When any unsatisfactory condition is
found, see that the line is destroyed or cut into
short pieces. Make sure none of these pieces are
long enough to permit their use in hoisting. The
short pieces can be saved for miscellaneous uses.

During an inspection of WIRE ROPE, you
should check carefully for fishhooks, kinks, and
worn and corroded spots. Usually, breaks in
individual wires will be concentrated in the parts
of the rope that consistently run over the sheaves
or bend onto the drum. Abrasion or reverse and
sharp bends cause individual wires to break and
bend back. These breaks, as you perhaps know,
are known as fishhooks.

Worn spots will show up as shiny flatttned
spots on the wires. Measure some of these shiny
spots. If it appears that the outer wires have
been reduced in diameter by one-fourth, the
worn spot is unsafe.

There may be several points in the wire rope
where broken wires occur. Inspect each point to
determine whether it is a single broken wire or
several.

If individual wires are broken next to one
another, unequal load distribution at this point
will make the rope unsafe.

When 4 percent of the total number of wires
in the wire rope are found to have breaks within
the length of one rope fay, the wire rope is
unsafe and should be removed from service.

The wire rope is unsafe and should be
removed from service if three broken wires are
found in one strand of 6 x 7 wire rope, six
broken wires are found in one strand of 6 x 19
wire rope, or nine broken wires are found in one
strand of 6 X 37 wire rope.

A wire rope should be removed from service
when an 1nspectiont reveals widespread corrosion
and pitting of the wires. Pay particular attention
to signs of corrosion and rust 1n the valleys or
sinall spaces between the strands. Rope which
has had its diameter redu&ed to less than
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75 percent of its original diameter should also be
removed from service.

The safe working load (or safe load) of fiber
line and wire rope is an important factor.
Manufacturers of fiber line and wire rope pro-
vide charts and tables listing the safe working
load, abbreviated SWL, for different sizes of
fiber line or wire rope. But you may not have a
chart or table readily available every time you
need it, especially in fieldwork. In such
instances, you can use a rule-of-thumb for
computing the SWL.

For fiber line, the rule-of-thumb for SWL is:
SWL (in pounds) = C* x 150, where C is the
circumference of the line. When line is in good
shape, add 30 percent to the WL arrived at by
means of this rule. When the line is in poor
shape, subtract 30 percent from the SWL.

The rule-of-thumb for computing the SWL
of wire rope, as recommended by NAVFAC is.
SWL (intons) = D? x 4, where D represents the
dianieter of the wire rope in inches.

As a word of cautiun, remember that these
rules for determining SWL are only rules-of-
thumb. In computing the SWI. of old wire rope,
or wire rope which is otherwise in poor condi-
tion, you may have to reduce the SWL as much
as 50 percent, depending upon the condition of
the wire rope.

CHAINS AND HOOKS

CHAINS are made up of a series of links
fastened through each other. Each link is made
of a rod of wire bent into an oval shape and
welded at one or two points. The weld ordinarily
causes a slight bulge in the side or end of the
link. Several types of welded chain links are
illustrated i+ figure 4-1. The chain size refers to
the diameter, in inches, of the rod used to make
the link.

Chains will usually stretch under excessive
loading so that the individual links will be bent
slightly. Bent links are a warning that the chain
has been overloaded and might fall suddenly
under load. Wire rope, on the other hand, will
fail a strand at a time, giving warning before
complete failure occurs. If a chain is equipped
with the proper hook, the hook should start to
fail first, indicating that the chain is overloaded.

03
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Chains are much more resistant to abrasion
or ¢orrosion than wire rope and, as a conse-
quence, are used in applications where such fac-
tors are a problem. An example is the use of
chain for anchor gear in marine work where the
chain must withstand the corrosive effects of
seawater. Another example is the use of chains
for slings to lift heavy objects with sharp edges
which would cut wire rope. A number of grades
and types of chains are available.

When inspecting chains, make sure that
defective links are cut out and replaced. Every
link in a chain must be examined, since any
single link may be defective in an otherwise
satisfactory chain. Small dents, cracks, polished
or worn surfaces, and stretched or distorted
shapes are indications of possible failure in
links. If several links in a chain have bgen
stretched or distorted, the chain should not be
used, because there has probably been over-
loading of the entire chain which does not show
in all links. Sharp nicks or cuts in any link may
lead to failure of that particular link. This link
should be cut open and removed from the chain.
Carefully observe the point where each link
wears.

Chains, fiber lire, or wire rope, when used
for lifting lcads, can be tied directly to the load.
However, for speed and convenience, it is much
better to fasten a HOOK to the end of the lifting
line. Blocks are ordmanly constructed with a
hook. There are two gencral types of hooks
available—the slip hook and the grab hook (fig.
4-2). A SLIP HOOK is made so that the inside
curve of the hock is an arc of a circie and may be

00
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Figure 4-1.—Types of welded chaln links.

used with wire rope, chains, or fiber line. Chain
links can skip through a slip hook so the loop
formed in the chain will tighten under a load. A
GRAB HOOK has an inside curve which is
nearly U-shaped so the hook will slip over a link
of chain edgeways but will not permit the next
link to slip through. Grab hooks have a more
limited range of use than slip hooks. They are
used on chains when the loop formed with the
nook is- not intended to close up around the
load.

When a hook is being inspected, the inspec-
tor should pay particular attention to the small

(1) sup Hoox

Figure 4.2.—Types of hooks.
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radius fillets at the neck for arl{ deviation from
the original inner arc. Also the hook should be
checked for indications of overloading or
improper hooking Hooks wusually fail by
straightening,- and thus release the load. Any
deviation from the original inner arc indicates
that the hook has been overloaded. Since

evidence of overloading the hook is easily’

detected, it is customary to use a hook weaker
than the chain to which it is aftached. In this
way, distortion of the hook (See fig. 4-3.) will
occur before overloading of the chain itself
occurs. Severely distorted, cracked, or badly
worn hooks are dangerous and should be
discarded. The safe working load, in tons, of
a hook can be determined by the following
formula:

SWL = 2/3 D? tons

Example: D 2"

1t

1t

D? 2 x2=4

2/3 x 4 = 8/3 = 2 2/3 SWL in tons
8/3 x 2000 = 5333 SWL in pounds

In general, a hook should -always be
“moused’’ as a safety measure to prevent slings
or lines fror: jumping off. Mousing is a tech-
nique for closing the open section of a hook.
Mousing also helps prevent straightening of the
hook but should not be considered as an element
in the strength of a hook. It serves principally as
a safety measure.

SLINGS ~
-~ \v

The term SLING includes a wide variety of
. designs. A sling may be made up of fiber line,
wire rope, or chain. The sling for lifting a given
load may be an endless sling, a single sling, or
several single slings used together to form a com-
Jbination sling. The ends of single slings usually
‘are made up into eyes, either with or without
thimbles, to go over thc hoisting hook. How-
~£ver, they may be made yp with end fittings to
provide variable service. Spreaders may be
added to change the angle of the sling legs.
Each type or combination has its particular

~
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Figure 4-3.—Results of overioading on a hook.
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advantages, and these gust be con:idered when
a sling is being selected for a given purpose.
Fiber line makes good sling material because of
its flexibility, but it is more easily damaged by
any sharp edge on the mateiial hoisted than is
wire rope or a chain sling. wvire rope is widely
~uSed for slings because it has strength combined
w1th flexibility. Chain slings are used for special
circumstances where sharp edges of metal would
cut wire rope or where pieces of hot naetal are
liffed, as in foundries or blacksmith shops. Fiber
line slings are normally used for lifting com-
paratively light loads. Properly designed and
fabricated wire rope Slings are the safest slings.

They do not wear away as do slings made of

fiber line, nor do they lose their strength from
exposure as rapidly. They also are not suscep-
tible to the ‘‘weakest link’’ ailment of chains
caused by the uncertainty of the strengths of the
welds. Wire rope slings show by inspectiomn’their
true condition. The appearance of broken wires
clearly indicates the fatigue of the metal and the
end of the useful life cf the sling.
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Since all sling legs are subject to damage
from cutting by sharp edges or abrasion, all
sharp edges on objects to be lifted should be
carefully padded to reduce possible damage to
the slings. Wood blocking, heavy fabric, ot old
rubber fires ‘can be used as padding. Slings
should be condemned when they are no longer
safe. Unsafe slings may seriously injure person-
nel or damage equipment if they fail under load.

GUY LINES

&+

The nuinber of guys required for a given
point on a structure depends on the type and
amount of load to be applied to the structure,
the size and type of material available for guy
lines, and the direction of the pull caused by the
load. Four guys are generally considered
minimum, with 90-degree angles between guys.
(See fig. 4-4.) In a long, slender structure, it is
sometimes necessary to provide support at
several peints of the structure in a tiered effect.
In such cases, there might be four guy lines from
the center of a long pole to anchors on the

Guy lines are lines attached to a gin pole or ., ground and four additional guy lines from the

other structure and secured to an anchor on the
ground or to a nearby secured structure which is
more stable than the guyed structure. When a
load is applied to the structure supported by the
guy lines, 2 portion of the load is passed by each
_supporting guy line to its anchor. Wire rope is
the preferred material for guy lines because it
combines strength with resistance to corrosion
and weathering. But fiber line can be used for

guy lines, particularly on temporary installa- .

top of the pole to anchors on the ground.

The guy line should be anchored a con-
siderable distance from the base of the gin pole
so that the distance (y) in figure 4-5 will be a
maximum. The guy line should 1ever be
anchored closer than a horizontal distance equal
to the height of the gin pole. The recommended
minimum distance from the base of the gin pole
to the anchorage of the guy line is twice the
height of the pole. Wire rope clips or clamps can

tions. be used to make eyes or loops for securing the
\\ - "':,>
\ ’\ R . ' ® A T~
‘ BT ey 2 '0 oy,
/ \WE\F
ANCHOR
STAKES
: \
\,‘, - ’ :“ - -
145.174
= Figure 4-4.—Typical guy line installations.
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TENSION, ¢ = ‘Eyi

WHERE: d = DRIFT

y = PERPENDICULAR DISTANCE FROM REAR
GUYLINE TO BASE OF POLE \ -

- . W= WEIGHT OF LOAD"'-;- WEIGHT OF POLE

REAR GUYLINE

145.175

Figure 4-5.-—~Computing stress in single guylines.

wire rope to the anchorage. It is a very good idea
to use a turnbuckle from the anchorage to the
eye. If the wire rope is of any length, the turn-
buckle can be used to take out the slack.

The anchorages and end fittings of the guys
should be checked for evidence of weakened
members. In ordinary service, wire rope guys
will last indefinitely unless exposed to damp salt
air or corrosive fumes. A check should be made
also for broken wies in guylines. Broken wires
indicate fatigue of the lines.

PIPE WELDING OPERATIONS

Continuous inspections by well-trained

inspectors are important to the production of
R Y1) N

good quality welds. A major advantage of con-

tinuous inspections is that they enforce careful

workmanship on the part of the welding
operators. Inspectors cannot examine each and
every weld ‘during welding; however, careful
observation of a selected number of joints will
be a great help toward insuring sound quality
CONTINUOUSLY in the work produced.

The visual jnspection of pipe welds includes
three ﬂhases—-—before during, and after welding.
The ifems covered by a visual inspection will
vary somewhat, depending upon such factors as
the welding process used, operating cunditions,
and the type of job concerned. The discussion
which follows is mainly concerned with some of
the major items generally included in a visual
inspection of pipe welding operations, where
the metal-arc welding process is used. Proficient
pipe weld inspectors will not find it difficult to
modify the inspection procedures to meet the

- Va
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requirements for other types of welding
operations.

PREWELDING INSPECTION

Before the actual welding operations gei
underway, insure that the welding operator is
making the correct preparations for the job.
C heck the condition of the equipment, and SEE
+hat it 15 set up properly. Examine the area to be
welded for grease, oil, scale, or other foreign
matter which would interfere with the welding
voperation. As part of this preliminary inspec-
t1on, sce that the pipes are correctly alined and
the joints properly beveled.

INSPECTION DURING WELDING

You should be able to control the quality of a
weld by carefully observing the welding operator
at work. Here it 15 important to look carefully so
you can recognize immediately the results of
variations from correct welding procedure.
from time to time, make sure each welder uses
proper techniques and maintains proper
operating conditions. It is good practice to vary
operating conditions, one at a time, and to
ovbserve the resultant weld. The variable
operating conditions are arc current, arc
voltage, and arc speed for each type of weld and
electrode.

Maintain all of the principal operating condi-
tons except one fixed, then observe the effects
brought abuut by changing that one condition.
Observe consumption of the electrode and how
it melts dow n—smootbly or unevenly. Note the
size and shape of the weld crater, as well as its
surface appearance. Listen 10 the sound of the
ar.. Take a close look at the weld bead, noting in
particular its size, shape, and fusion. In case of
faulty techmiques resulting in defects, such as
slag accumulations or cracks, make sure that
corrections are made then and there—not after
the job is finished.

INSPECTION AFTER WELDING

In checking a vompleted welding job, watch
closely to see whether or not the welds are sound
throughout and fused thoroughly. See that the
:nside of the pipe is free from globules (icicles) of

weld metal which might become loose. Check
the size, length, and location of the welds,
making sure—before passing on the work—that
the beads of the deposited metal are of uniform
(rather than irregular) size. Examine the welds
for undercut, overlap, and other defects which
can be detected by visual inspection. If any of
these defects are present, make sure that proper
corrective measures are taken. Various types of
defects (including overlap and undercut) are
described in Steelworker 3 & 2. A knowledge of
these defects plus a clear understanding of
certain other weldments described next will help
you during inspections of welds made by the
metal-arc welding process.

INSPECTING WELDS

A number of different types of DIMEN-
SIONAL DEFECTS in weldments can be deter-
mined by visual inspection. Dimensional defects
are those associated with drawing or specifica-
tion requirements. Examples of dimensional
defects are: warpage, incorrect joint prepara-
tion, incorrect weld size, and incorrect weld
profiie.

You must remember that production of
satisfactory weldments depends upon, among
other things, the maintenance of specified
dimensions, whether it be the size and shape of
welds or finished dimensions of an assembly.
Requirements of this nature are set forth in
the drawings and specifications for the job con-
cerned. Deéparture from the requirements in any
respect should be regarded as a dimensional
defect. Any such defect must be correcied before
final acceptance of the weldment unless a waiver
is obtained.

The welding operation involves the applica-
tion of heat and the fusion of metal in localized
secticns in the weldment. Stresses of high
magnitude may be set up due to thermal expan-
sions and contractions, that persist in the
weldment after the structure has cooled.
Such stresses tend 1o cause distortion of the
structure. (See fig. 4-6.) By the use of rigid fix-
tures and careful selection of the welding
sequence, positive and negative stresses may be
introduced that tend to counteract each other;
hence, WARPAGE may be kept to 2 minimum.
Peening aiso has been used to some extent as a
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145.176
Figure 4-6.—Warpage. Top view shows suguiar distortion.
Bottom view shows correct slinement obtained by use

of proper control methods.

means to keep distortion to a minimum. The
correction of this type of defect in a completed
weldment usually requires one or more of the
following measures:

i. Straightening operation with or without
the application of heat.

2. Removal of the weld (or welds) causing
the trouble, followed by subsequent rewelding.

3. FEither -removing metal or adding weld
metal where possible.

In checking on JOINT PREPARATION, it
should be remembered that good welding prac-
tice requires proper joint dimensions for each
type of joint congistent with the thickness of the
plates being welded. Failure to follow the
requirements may result in defects such as
porosity, cracking, and surface defects. The
joint preparation should be the same as called
for in the applicable drawings within specified
limits.

Weld deficiencies due to INSUFFICIENT or
EXCESSIVE SIZE can be detected by visual
examination. (A suitable weld gage also may be
used in checking weld size.) The size of a fillet
weld is expressed as the length of the shortest leg
of the triangular cross section. The size of a
groove weld is the depth of the groove, except
that where fusion materially exceeds the groove
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Figure 4-7.—Weld profiles. Hlustrating scceptable and
defective weld proJiles.

depth, the size of the weld is the depth of the
groove plus the depth of fusion.

The PROFILE of a finished weld may have
considerable effaect upor. its performance under
load, whereas the profile of a single pass or layer
of a multipass weld may have a considerable
effect upon the tendency to produce such defects
as lack of fusion or slag inclusion when subse-
quent layers arc applied. Requirements con-
cerning defects of this nature in finished welds
are usually provided in the specifications and
drawings for the job to be done. Such require-
ments must be closely adhered to by welders.
Figure 4-7 illustrates various types of acceptabie

and defective weld profiles. Three types of
B
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Figure 4-8.—Surface holks.

defective weld profiles are excess convexity,
excess concavity, and excess weld reinforcement.

EXCESS CONVEXITY is a condition that
tends to produce notches which are harmful in
the case of a fillet weld, owing to the resultant
concentration of stress under load. Thcse
notches are also harmful in the case of an
intermediate pass in a multilayer groove weld
because lack of fusion or slag inclusion may
occur unless corrected by chipping, grinding, or
oxygen grooving before depositing subsequent
layers. Excess convexity is usually due to either
the use of insufficient current or improper
welding techniques. (See fig. 4-8.)

EXCESS CONCAVITY is usually associated
with fillet welds. The actual strength of such
welds is much less than that of standard size
fillet welds, the reason being that the throat is
less than normal as measured by the length of
the leg. Excess concavity tends to occur primar-
ily in flat position fiilet welding and is generally
caused by the use of excessive welding current of
arc lengths. Note that the only exception to this
is that of welding from the top down in making a
fillet weld in the vertical position. In the flat

AN

position, a remedy can be provided by reducing
welding current.’ However, in the vertical
position, there is no cure excent to insist that
regardless of the size of fillet, 2s measured by the
leg dimensions, the throat of the fillet should be
equal to that of the standard fillet required.

___ The condition of EXCESS WELD REIN-
FORCEMENT is associated with groove welds.
It is undesirable since it tends to stiffen the sec-

-tion at that point as well as establish notches,

thereby affecting the stress distribution when a
load is applied. Excess weld reinforcement may
be caused by improper welding techniques or
insufficient welding current. (See fig. 4-7.)

‘In metal-arc welding, a certain ciass of
defects is encountered which has to do with
discontinuities within the weld itself. This class
of defects may be described as STRUCTURAL
DISCONTINUITIES. This term means that
there is either lack of weld metal or lack of
fusion. ’

One type of structural discontinuity in welds
which can be detected by visual inspection is
SURFACE DEFECTS. At times, conditions
occur during welding which result in holes in the
surface of the deposit. These holes may vary
from a single hole every few feet to numerous
holes per inch. The atmosphere produced by a
given tyoe of electrode is just as important a fac-
tor as the slag produced. It not only determines
arcing characteristics but also has some effect
upon slag; composition. You must remember
that any change that varies the atmosphere will
affect the results obtained. Such a - hange couid
be the difference between the airavailable at the

arc when a pass is being deposited at the bottom .

of 2 narrow groove as compared to deposition of
the top layer of the same weld. Improvement
usually results by changing the electrical condi-

-tions, such as polarity and arc length; it is possi-

ble, however, that the base metal being welded
could be a factor. Figure 4-8 illustrates the
presence of surface porosity in fillet welds.
These are often referred to as pock marks.

A special effort to elimjnate this type of
defect should be made, keeping in mind that it
can result in slag entrapment. When high-quality
welding is being done, it is not safe to assume
that they will fuse out. They should be
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Table 4-1.—Tests for Weld and Base Metal Defects

Defects Methods of Testing

Dimensional Defects

Warpage Visual inspection with proper mechanical gages and
fixtures

Incorrect joint preparation Visual inspection with proper mechanical gages and
fixtures

Incorrect weld size
Incorrect weld profile

Visual inspection with approved weld gage
Visual inspection with approved weld gage
Structural Discontinuities
Porosity
Nonmetallic inclusions
Imperfect fusion
Undercutting
Cracking

Radiographic—Fracture—Microscopic—Macroscopic
Radiographic—Fracture—Mic:oscopic-—Macroscopic
Radiographic—Fracture—Microscopic—Macroscopic
Visual inspection—Bend tests—Radiographic—
Visual inspection—Bend tests—Radiographic—
Microscopic—Macroscopic—Magnetic particle—
Penetrating oil
Visual inspection
Radiographic—Fracture—Microscopic—Macroscopic

Surface defects
Incomplete penetratioa

Defective Properties
Low tensile strength All-weld-metal tension test—Transverse lension test—

Fillet weld shear test—Base metal tension test

All-weld-metal tension test—Transverse tension test—
Base metal tension test

All-weld-metal tension test—Free bend test—Guided-
bend test—Base metal tension test

Hardness tests

Impact tests

Chemical analysis

Corrosion tests

Low y.eld strength
Low ductiity

Improper hardress

Impact failure

Incorrect composition
Improper corrosion resistance

145.235

used in testing for these defects, they are not
covered in this section.

eliminated by clipping or grinding before deposi-
tion of* suceeding layers.

Table 4-1 indicates the usual methods of
testing for various weld and base metai defects.
Notice that more than one method may be used
in testing fo1 some defects.

Undercutting and cracking are also struc-
tural discontinuities which may be detected by
visual inspection. Information on both these
defects 1s given in the Steelworker 3 & 2 and

will not be repeated here. There are a number of
other structural discontinuities, such as poros-
ity, imperfect fusion, and incomplete penetra-
tion. However, since visual inspection is not

In table 4-1 also notice that certain defects,
such as low tensile strength and low yield
strength, are classed as DEFECTIVE PROPER-
TIES. This class includes defects associated with
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properties of the weld metal or of the welded
joint. As indicated in the table, a method of
testing other than visual inspection is used in
testing for defects of this class.

REINFORCING STEEL

Proper inspection of reinforcing steel
operations is necessary to insure the safety and
quality of the finished job. The duties of inspec-
tors, particularly on large-sized jobs, are broad
in scope. Inspections obviously should be
performed by experienced, well-qualified
personnel.

THINGS TO LOOK FOGR BEFORE
OPERATIONS START

You must see that all details of the plans and
specifications are carried out properly. Make
sure that ali work performed is from the latest
issues of specifications, shop drawings, and
placing plans. Notify all personnel of any
authorized change. In particular, you must
insure that:

Reinforcing materials are the kind, type, and
quality specified.

All test reports required by the contract
documents are received promptly and that
materials qualify.

Materials are on hand in advance cf job
requirements.

Reinforcing steel is well spread out, in con-
venient locations, readily identified, and not in
mud.

Fabricated bars are correctly cut and bent
(verified by visual check and occasional
measurement).

Bar setters are briefed on just what is to be
done and on critical details that require special
attention.

INSPECTION DURING PLACING
OPERATICNS

DURING STEEL SETTING, you inust see
that every footing, wall, slab, beam, girder, and
column, before concreting, has the right number

of the right type, size, and style of reinforcing
bars, bar supports, and welded wire fabric
securely fastened in the proper place, especially
as regards:

TOTAL DEPTH of member as established

by formwork and screeds. Proper amount of °

COYVER or fireproofing to the near surface of
the concrete. This should provide the EFFEC-
TIVE DEPTH from center of bar to compres-
sion surface of concrete.

Proper setting of dowels for number, size,
location, and projection, as well as determina-
tion of all points needing dowels.

Type and location of bar supports to hold
bars firmly in place until concrete sets.

Correct sizes of bars {bacause sometimes a
bar of the same shape but of a different size than
specified would fit into the same space equally
weli).

Required number of bars (because only close
attention by bar setters and inspectors can pre-
vent omission of bars with consequent decrease
in safety).

Correct lengths of bars (because a different
length bar might go into the space but would not
carry out the engineer’s intentions).

INSPECTING THE COMPLETED JOB

You should go back and recheck the entire
job before the concrete is placed, using a
checkoff list. Having studied the placing plans,
you can gc over the in-place steel and, by
measuring here and there and by comparing one
detail with another, climinate major errors.
Since it is the last time the steel can be inspected,
pay special attention to:

of the member, i.e., top bars on the top and bot-
tom bars on the bottom; bottoir layer on the
bottom and superimposed layer just-above the
amount called for; outside bars on the outside
and inside bars on the inside; stirrups, ties, and
spirals enclosing the prescribed longitudinal
bars; bars hooked around others as specified;
bars hooked in concrete with hooks in proper
position at the correct end; all bars securely
wired or otherwise held in place, with tops of

Proper locations of bars with‘i{ross seciions
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all bars the proper amounts below finished con-
crete, to allow passage of screed and finishing
machine.

Proper placement of bars lengthwise of a
member, i.e., hooked end of a bar at the end
specified, properly embedded ia concrete; end of
each bar within 2 inches of the location indicated
on the placing plans; truss bars, stirrups, and
other bent bars right side up as called for (foun-
dations mats and similar members that carry
UPWARD pressure require bent bars exactly
reversed from slabs and beams carrying

DOWNWARD loads); bend-down points and’

bend-up points within 2 inches longitudinally of
where they work out on placing plans; stiirups
and ties spaced as scheduled from the exact
starting points specified within + 1 inch;
specified overlap in lapped splices and
designating welding in welded splices.

Spacing between bars, between layers of
bars, and between bars and formwork. For
architectural concrete and exposed work, it is
usual to provide 1 1/2 inches of cover over bars,
with some positive way of maintaining it.

+*REFABRICATED STRUCTURES

Most structures built today are prefabri-
cated; they are erected on the jobsite. Parts are
connected to one another by bolting, riveting,
or welding. Not being directly. concerned with
at-the-factory inspections af materials, you
must take gquality-control measures that wiil
insure that a prefabricated structure is erected
in accordance with the project plans and
specifications.

PRELIMINARY INSPECTION

Before delivery of parts to the jobsite,
all shop drawings, plans, and specifications
should be in the hands of the field manager and
all approvals and rejections should have been
made by the proper authorities. Anchor bolts
to be cast in concrete should arrive on the job-
site in ample time to be incorporated into the
work. Templates and the information required
to prope-ly loca.e anchor bolts should be sup-
plied by the building manufacturer along with
the bolts.

Shop Fabrication

Structural steel is cut, drilled, punched,
assembled, riveted, wtlded, and prime coated to
provi<c subassemblies of manageable and
transportable size. These subassemblies can be
field erected without further cutting, drilling,
punching, or other fabricating, fitting, or’
altering operations. Sections are cut to fit
various locations in the structure and marked
for easy iden:ification in accordance with the
erection drawings.

Jobsite Dezlivery

Upon delivery of materials to the jobsite, see
that they are handled with care and not stored in
direct contact with the ground. Remove from
the jobsite any part that has been damaged
beyond repair and take steps to have it replaced.
Compare all parts with approved samples, shop
drawings, and other established criteria. Verify
metal gages. Verify whether or not fastenérs are
of the type permitted by the contract documents.
Carefully examine all components, hardware,
and accessories or speciality items specified to be
furnished as part of the structure’s package.
Verify whether or not dimensions, metal thick-
nesses, shapes, finishes, quantities, designs, and
other requirements in the contract documents
are met.

Field Erection

Regardless of the type of structure being
erected, the condition of the foundation
determines whether the construction project
progresses smoothly or not. Therefore, the
imbedded items must be placed accurately in
accordance with the foundation plan. All anchor
bolts must be held in place with templates or
similar means so they will remain plumb and in
the correct location during the placement of the
concrete. The projections of all anchor bolts
must be held to the dimensions shown. It is next
to impossible to erect a prefabricated structure
vhen the anchor hqlts are not set correctly.
Also, the concrete-surface around the anchor
bolts must be level and smooth.

Frame subassemblies are generally bolted
together on the ground and hoisted iitto place.

w
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Frames are plumbed, braced temporarily, and
secured to anchor bolts.

Erection drawings are the working drawings
for the structure and give the &xact location of
every part in the structure, as well as the direc-
tions for the assembly of the structure. Learn as
much as you can about these drawings and see
that the assembly directions are strictly
followed.

Problen; Areas

Many problems in erecting prefabricated
structures are associated with welding deficien-
cies. (Bolted work is easy to inspect, and poor
workmanship is difficult to hide.) The erection
method and sequence are troublesome too; plans
and specifications do not snecify them. Here the
construction representative should discuss the
erection method with the contractor, and an
agreement should be reached to assure that all
safety requiremerts are met. The designer
should be consulte | where questionable methods
of erection are suspected. °

IN-PROCESS AND COMPLETION
INSPECTION

Joints must be neatly fitted and secured.
Make sure that all items are free of distortion,
damage, or defect. Where contract documents
require, see that sharp corners and edges are

4-15

eased and that rough edges and welds are ground
smooth. Look for breaks in the continuity of the
coating of all primed and galvanized surfaces,
and see that these breaks are properly repaired.
Verify that material is stored out of the weather
and in a safe place until installed.

Structural Steel

Structural steel work must be erected true 10
line, level, and plumb. To prevent damage, steel
members must be properly placed and tempo-
rarily braced until the structure is fully self-
supporting. Check to see that all bolt holes are
mated and bolts of the proper size and clearance
tolerance are used at each connection. In addi-
tion, do not allow drifting of unfair holes or
enlarging of holes by burning. Sec that all nuts
are drawn tight and that proper fillers, shims,
and washers required for the types of connec-
tions are used.

Field Erection

In all completed members, compare prin-
cipal dimuisions and confieciions specifications
with those given oa the detail drawings. Pay par-
ticular attention to dimensions, bevels, matching
of holes, and clearances. Check bolted connec-
tions for tightness and riveied connections
for soundness or other defects. Inspect welds
visually for undercut, overlap, surface checks,
cracks, and other defects.

-
~
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CHAPTER 3

ADVANCED BASE PLANNING, EMBARKATION,
AND PROJECT TURNOVER

This chapter discusses the principles of using
the Facilities Planning Guide which is an
advanced base planning document. Guidelines
are provided for a system of preparing material,
equipment, and personnel for embarkation.
Information also is presented as to how you can
best coordinate and supervise the turnover of the
company’s projects. material, and equipment.

FACILITIES PLANNING GUIBE

You should consult the Facilities Planning
Guide (NAVFAC P-437) when tasked to assist in
planning the construction of an advanced base.
This document identifies the structures and sup-
porting utilities of the Navy Advanced Base
Functional Component (ABFC) System. It was
developed to make preengineered facility designs
and corresponding material lists available to
planners at all levels. While these designs relate
primarily to expected needs at advanced bases
and to the Navy ABFC System, they can be used
to satisfy peacetime requirements as well.
Facilities, logistic, and construction planners
will each find the information required to select
and document the material necessary to con-
struct facilities.

NAVFAC P-437 consists of two volumes.
Volume [ contains reproducible engineering
drawings organized as follows: Part 1, Compo-
nent Site Plans, indexed by component and
ABFC designation; Part 2, Facility Drawings,
indexed by facility number and DOD category
code; Part 3, Assembly Drawings, containing

. assembly izformation and indexed by assembly

number. Each drawing is a detailed construction
drawing that describes and quantifies the

facilities, assemblies, or line items required to
complete it. A summation of logistic, con-
struction, and cost data is provided for each
component, facility, and assembly of the ABFC
System. A component is defined as a grouping
of personnel and material that has a specific
function or mission at an advanced base.
Whether located overseas or in CONUS, a com-

ponent is supported by facilities and assemblies. -

Volume II of NAVFAC P-437 contains the
detailed data display for each component,
facility, and assembly. Also arranged in three
parts, Part 1 quantifies and describes by DOD
category code the facilities requirement for each

component. Part 2 quantifies and describes by ‘

assembly number the assembly requirement for
each facility. Part 3 quantifies line-item
requirements by National Stock Number (NSN)
for each assembly. Except for earthwork,
material lists in Volume II are complete bills of
material.

‘The P-437 also contains other useful infor-
mation for planners. For example, crew-sizes,
man-hours by skill, land areas and amounts of
fuel necessary to make a component, facility, or
assembly operational, as well as predesigned
facilities and assemblies that are not directly
related to components shown in the table of
ABFC/s (OPNAY. 41 P3). These racilities and
assemblies give the planner alternatives for satis-
fying contingency requirements when callout of
a complzte component is not desired. To make
the P-437 compatible with other DOD planning
guides, NAVFAC P-72 (Category Codes for
Classifying Real Property of the Navy) is a
related publication that establishes the category
codes, nomenclature, and required units of
measure for identifying, classifying, and
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quantifying real property. The cardmal category If a facility is required for enlisted personnel
codes are as follows: . quarters, for example, it will be found in the 700
series, ‘‘Housing and Community Support.”’
100 Operational and Training The assemblles contained within each facility
200 Maintenance and Production will consist of a grouping of line items at the
300 Research, Development and Evaluation National Stock Number Level which when
400 Supply assembled will perform a specific functlon in-
500 Hospital and Medical : support ‘of the facility. An assembly i func-
600 Administrative tionally grouped in such a way that the assembly
700 Housing and Community Support number relates to the Occupational Field 13 skill
800 Utilities and Ground Improvement required to instail it. The groupings are
900 Real Estate numbered as follows:
DESCRIPTION NUMBER SEQUENCE
START STOP
Builder oriented (BU) 10,000 19,999
Utilitiesman oriented (UT) 20,000 29,999
Construction Electrician oriented (CE) 30,000 39,999
Steelworke: oriented (SW) . 40,000 49,999
Equipment Operator oriented (EO) 50,000 54,999
Water Front Equipment 55,000 57,999
Underwater Const. and Diving Equip. 58,000 59,999
Operational Supplies 60,000 62,499
Operating Consumables . 62,500 64,999
NBC Warfare 65,000 67,499
Personnel Related Supplies 67,500 69,999
Unassigned at present 70,000 = Series
Shop Equip. including Maintenapce Tools 80,000 80,999
Unique ABFC Tool Kits 81,000 81,999
NGF TOA Const. Tools & Kits (power tools) 82,000 82,099
NCF TOA Const. Tools & Kits (elec.) 82,500 82,599
NCF TOA Const. Tools & Kits (misc.) 83,000 83,199
NCF TOA Const. Tools & Kits (rigging) 84,000 84,099
Shop Equipment (ABFC Unique) 85,000 87,499

5-2
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TAILORING COMPONENTS
AND FACILITIES

it is important to realize, when you are
considering tailoring, that the ABFC System
contents are based on a set of assumptions. This
makes it possible to develop modular elements
which can serve similar functions in various
locations. The exact requirements for a specific
base cannot be defined, economically designed,
nor supported within the general system.
However, the base development planner knows
the specific location, mission, unit composition,
and availability of other assets. The planner can
then select from the ABFC System components
or facilities that satisfy requirements. Tailoring
is then applied to the prep!anned ABFC assets to
come up with what is needed.

‘Components or facilities can be tailored by
(1) deleting or adding facilities or assemblies and
(2) specifying requirements for tropical or north-
ern temperate zones. Assemblies required in
tropical installations only are coded with the let-

er “T” in the zone column to the right of the
assembly description. Assemblies required in
northern temperate installations only are coded
with the letter “N’’. Uncoded assemblies are
common to both zones.

USE AND APPLICATION OF THE
FACILITIES PLANNING GUIGE

Although a listing in the P-437 may help you
order individual items in general supply, it does
NOT replace Stock Lists <. £ System Commands
or Bureaus, Offices, Single Managers, or Inven-
tory Control Points. Stock numbers and descrip-
tions can be verified through appropriate Stock
Lists. However, you do this automatlcally in
ordering a component, facility, or assembly

A representative sample of the types of com-
ponents displayed in Volume II is presented to
show the structure and kind of information
provided. Figure 5-1 depicts a P-25 component,
Naval Mobile Construction Battalion. You can
see that a component contains a list of facilities
by category code. From this list select a facility,
such as Diesel Storage and Dispensing Facility,
200,000-gallon, facility 123-10F. Locate this
facility in Part 2 of Volume II. Figure 5-2 shows

this facility. Note that within the facility, the
necessary assemblies required to perform the
defined function are identified. Figure S5-3
depizts an assembly within facility 123-10F.
Within assembly 20002, titled 50,000-galion °
pillow fuel tank, line items by NSN required to
make the assembly operative are displayed.
Certain installed equipment and collateral
equipment, furniture, and fixtures contributed
by others are not furnished with the facilities or
the assemblies listed in P-437. They must be
requested separately instead. The assembly
listings indicate what installed or NAVFAC col-
lateral equipment is provided.

ADVANCED BASE FUNCTIONAL
COMPONENTS

Advanced Base Functional Components
(ABFC’s) are normally complete entities.
However, housing, messing, medical facilities,
majntenance facilities, defensive ordnance, com-
munication equipment, and utilities may not be
supplied with each component and are
themselves service components or facilities to be
integrated into an overall base development or
augmentation plan. ABFC’s are assigned
descriptive names to indicate their functions and
alpha-numeric desigrators to facilitate
reference. A detailed Advanced Base Initial Out-
fitting List (ABIOL) is an itemized line item
printout of the inaterial in each ABFC. Each
System Command or Bureau is responsible for
maintaining a detailed listing of that part of the
ABIOL assigned to it.

EMBARKATION

An NMCB, PHIBCB, CBMU, or other unit
of the Naval Construction Force (NCF) must be
ready to deploy or redepioy by sea, air, or land
to complete an assigned mission. To meet the
requirements for contingency support of the
Naval Task and Fleet Marine Forces, at least
two-thirds of the NCF must be capable of
redeployment within 10 days. After 60 days in
tneir homeports, NCF units should be able to
redeploy within 10 days. While en route to ot
from a deployment site, the units must be”

24
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CONPONSNT P23 ___MAVAL NOBILE CONSTRUCTION BATTALIOA

PROVIDES PERSONNSL, ADNINIBTRATION, NOUSING,
e SUBSISTAN ANG SQUIPNENY RSQUIRED POR
YIrso r0

TNE NOBILITATION OF OAE HOBILS
CONSTRUCTION BATTALION.

SITE PLAN 6002580

PACILITY QY CONPONENT WEIGNT cuse DOLLAR  CONST EPPORT
PACILITY DESCRIPTION CAPATIYY [237X4544 SHORY $ON HEAS TON VALUEz HANHOURS
N
111 208 HELICOPTER LANDING PAD_SMALL 1000 _SY 1 1090_SY 10.4 33.9 29,291 __2wh
TI3 T0A  NOGAS STOR-DSPNIG.FACIL 20000 GAL 5000 G i 20060 oL L3 72T 25258 137
12) 109 DISSEL STOR-DSPNSG PACIL 200000 GAL 200000 GL 1 200000 GL 21.7 83.6 78,820 231
131 15A COMNUNICATION CENZER ‘280 SP 1 280_SP 10.8 13.) 9,1 __ 558
18T 75 ARsORY 10 37 2 NI0 SP 5.8 852 e, 980 ~ )
213 01D  CENTAAL TOOL ROON-SUPPLY ROONM %000 SP 1 800 SP 3 99 15,108 78
218 208 A _CO AUTO VENICLE SHO® 2000 SP 1 2000_SP 1.9 ° 10.2 18,550 _ . 126
OA~ A CONPANY COMSTRUCTION EQUIP SNOP 4000 SP T A000 sP 2.8 7.1 TR [
219 10D 8, C AND D CONPANY SNOP 1784 sP 1 1788 SP s.? 17.6 26,207 212
421 3SA READY MAGAZIKE 160 sp 1 160_SP 1.6 32.0 a0 )
A%1 10G__ GENBRAL WARENOUSE REPAIR_PARTS _. 4000 cr 2 8000 SP 5.2 19.8 30,217 148
VT 100 GENBAAL WARBHOUSE NLO i V566 S 2 $006 sr 6.2 LY T O38.7YT ii8
- 481 10J GENBRAL WARBNOUSE GALLSBY 936 Sr 2 1872 sp 2.2 [] 7,856 SA
.A%) 10K GENERAL WARENOUSS SUPPLY 4000 sP 2 8000 _SP 6.2 19.38 30,217 __1a3
AL STORAGE 160 SF 1 TE0SF (N 3206 w77 N}
$80 103 .DBNTAL CLINIC 250 sr 1 250 SP 10.5 87.a 52,940 4
$50_10C_ DISPENSARNY 936_sr 2 1872°se 2.8 8.2 8,605 __66
CT3 10N ADNINISTAATIVE OFFICE 53¢ s? AL 3380 sr 3.5 5.0 IT.81 300
610 73A CONPANY HEADQUARTERS (C AND D CO) 936 8P 1 936 6P .7 2.8 2,320 23
€10 738 A COMPANY OPFPICE/DISPATCHER 936 SP | 36 sr .7 2.8 _2,328 L]
TRESS . ¢S T 53 5F — 38,V i1 19,882 ki
72) 203  LATRING 336 sr 1 36 sP 2.0 3.1 a)) 112
72) 20K HEAD/WASNROCH & PT X 8 PT At sr 3 iak s?P 2.1 6.6 2,276 3
7 G LAUNDRY 336 of 1 335 Sr T BY. T — 38,577 LX)
725 108 TROOP NSG ENERG OPP/CPO W/SN-NR A0 HN 2 80 MN 23.2 18.0 (331 1,688
725 10T TROOP HSG ENBRG M/SNOWER-WASNROON 130 MN 6 780 NN 96.0 252.6 180,995 _ 6,192
~¥STIOF T BXXENY FLANT FIELD PORfAsLs 33% 5P T 336 sF Ry T TTTTATR 20,363 ¥
740 02A EXCHANGE-SARSER $NOP 936 sr 1 936 sr 1.9 23.0 5.697 23
780 3)g__SPRCIAL SBRVICES/POST OrriCE 936 Sr 1 936 _Sr 1 2.4 2,323 28
ATION PACILITY 36 sr 3 2308 Sr 2.1 Ry} 6,985 T2
780 63A CLUS ENLISTED NEWS 4000 SP 1 2000 SP 10.7 52.1 27,260 204
750 20A_ PLAYING PISLD 1 BA 1 VBA_ L0 6 0 _ 0
v b " THEATER $00 58 7 #00 §% ] 0T 6
211 10AU BLECTRIC PNR PLANT 2-200Rw GEN SETS 500 xv 2 1000 XV 2) 6 35.8 92.691
312 30CX TLECTRICAL DISTR LINBS-UGND 17000LP 17000_LP 1 17000_LF 58.2 98 5 324,396 _
[} N v HTING 1100 LP YYi00 LP ] 3600 Lv 3. Lk ) €.885
231 J0A LEACM PIZLD 1 EA 3 3 EA 2.0 8.1 856
8)) AOA __GARSAGE NOUSE 936 _sr 1 836 sr ? 3.) 1,908
TEN THREATHEAT YATILIXY 1305 CPx 35 3¢ 3 30 76 .S 273 3T
$3) 408 WATEA STORAGE POTABLE )0000 GAL 30000 GA ) 90000 GA 1. 31.8 36,7332
842 j0J WATER DISTRISUTION LINE POTABLE 7680 LP 3 7640 LP 18,8 _._.21.0 _ 20,852
ST T0A KOAD WITH DERYWAGE T NI TR038 §¢ ] 73300 sY TN 182.¢ 16,047
232 10A  PARKING 200 SY 5 800 SY s.n 15 6 825
272 108 SECURITY PENCING 1980PT 1980 Lp s 9900 LY 73.0 226€.0 75,818
87T 208 GUANAD/WATCH TO4ER TN ¥ T~ 7.0 3T 17,75%
872 20C SBUNKER PIGHTING IPXIPXIP 2 NN L) 80 RN 128.0 168 0 zo.ssg
812 20D SUNKER_CONMAND POST 10 Wy 6 . 60 NN 5).% 76.8 _ 15, 18
ﬂ;‘ﬁ’ﬂl’cﬁ - =T 36 T Y T ]
83 27A  ICEHAXING PIANT 1IN 1 t e 1.5 (3% 6.871
T T T T T TOTAL NORTN 868.2 ¥ %83.9 1,541,603
TOTAL TROPICAL 856.9% 2,201.% 1,393,335
CORPONENT P2S
T T T . - PURL GAL7S0DAYS -
CONST  LAPSED LAND POWER RVA WATER SEVWER NEATING PHR GEN
st0 DAYS ACRES  CONNECTER CEMAND GPD GPD DsL NOGAS DSL _
NIt ER} 8.5 ass 32)  )0S.10a [ 61.056 [3ISAL] 0
D TVTLLY AAHSURT A 7 [ 2 A + 114 5 UNSRILLES TN~
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L

143.298

Figure 5-1‘.—Com;§onent.

prepared for immediate diversion to emergency,
contingency, or mobilization assignments.
Staff officers schedule and execute the
embarkation in accordance with a time table
established by command or higher -authority.
Before the embarkaticn, for example, the
medical officer sees that personnel have had
their innoculations. Also, the dental officer

54

places a hold on personnel who need prclonged
dental treatment that would limit their combat
readiness. The personnel officer insures that the
Record of Emergency Data, NAVPERS 601-2,
and other records are current.

Although not part of an embarkation staff,
you are involved in the embarkation of your
company. Your tasks include making sure that

1y
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PACILI?Y 123 108 JCB_PLANNING PACTOR N\ -
DIBCEL STORAGE AND DISPENSING PACILITY \
200000 GALLON
THIS PACILITY PROVIDSS 200000 GALLON OF DISSBL OIL
STORAGE AND RECEIVING-DIBPENSING CADABILITY.
. NAVPAC DRANING NUNIER 6002621 N\ )
\ R WEIGHT [-41} 3 { T __POLERN CONSY WFFORY
ASSEXBLY DESCRIPTION SONB oTY. POUNDS o rRRT-— VALUB FANNOURS \
I0903 "~ TANK PURL PILLOW 50000 CAL LB - 7.%10.8 TR 8 15, 30578 \KF] \
20124 NOSE MANP 2/200000 GAL TANX ARR o S68.2 60.4 1,891.61 2 \
;ozo- FURL TRANSPEW ASSENOLY 350 GPN - 1 3,988.9 [YY S 7,07%.68 Y
UBL DISPENSING ASSY YOXTABLE T 7,375.9 52.9 T, 59 7% §
20506 PUSL PILTER_AND-HSTIR ASRY 600 GPN 1 3,329.8 278.1 8,625.71 22 '
20508 RATRR-YUBL MOT oy 350 OFN 1 25,092.% 1,751.9 38,059.0? 28
ANK FU 75 GAL W/PIPING 3 735.1 1.9 AL L) 1L
29702 BXTINGUISNER PIRE N/BRKT PXP 20 LB 3 $80.0 1.9 325.18 ]
—SWORE 10N KEAS TON T
TOTAL NORTM 21.7 836 83,856.9 3,38.0 78,819.51 2
+OTAL TROPICAL 3.7 35.% LIS 1L TTN,SI.Y W tet.a 157
PACILITY 123 108 PRIKARY 200,000 G SECONDARY °
CONST  LAPSED LAND PONSR XVA MNATER 7OL. NATER PEAK  SENER RECOV.
87D DAYS ACREE _CONNSCTED DEMAND _YOL?S PXASS GPD cr arp coos
™17 [} 1.20 17 (] 208 3 ° [] °
yust (GAL/30DAYS)
WEATING Bl TXITLLS NXWROURGS URIKILLED
DSL MOGAS DSL BA U] ur cr [ 1] 80 cw
T e 1 7 ¥ 7Y L] ] 11 N
143.299
(VAN Figure 5-2,—Faciiity,
ASIEKBLY 20002 -
TANK PUSL PILLON 30000 GAL ‘
THIS ASSENELY PSOVIDES 50000 GALLOM OF PUSL STOR-
AGSE .
NAVPAC DRANING NUNDER $002614
WBIGNT cusic DOLLA
TS ITOC NUNSEIN T BEITRIFTION [} oTY POUNDS 7ERT VAtUs
% A720-00-6)9-%A § PIPS STL BLX 2 ° rT 20 15.00 . 1800 9.00
€ L730-00L7)-1061 2 ufvr NEST 1IN ALUN SA LI ALY T. 1500 TS
o 4720-00-978-8867 NOSE ASSY RPR AX10 SUCT A 3 171.00 7.5000 246.00
% 4730-00098- 5286 COUPLIC HLP QCPLR aAPXAP BA 2 16.00 .4000 3.
9 L730-00-106-2079 NIPPLE PP SHAT -xg A 1 318 .0600 "i%
9C L820-00-249-267, GAYR QUICK NPT X ¥ LA P 1 B 30 %
52 $330-00-893-4509 NASHER RER & HSE CPLG BA 3 .18 .0030 a2
20 _5a10-00.¢99-1919 TANK PAB COL 50050GL 7N 1 1,600.00 150.0008 4,860.00
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all projects are shut down, tools are cleaned and
turned in to the central toolroom, materials are
secured on the site or turned in to the Material
Liaison Office (MLO), and project sites are
cleaned and secured. These tasks are carried out
whether the embarkation is a training exercise or
an actual movement. Afterwards you direct your
efforts to the embarkation itself. Instructions
will come from the embarkation staff’s office.
The embarkation staff relies on the Tactical
Embarkation Manual, as developed by
COMCBLANT and COMCBPAC. This manual
is also available to you.

Each company or department that is ship-
ping material designates one officer or petty
officer to act as its embarkation representative.
The duties of this representative include the
following:

1. Keep the NMCB and team embarkation
officers informed of shipping requirements.

2. Insure that mount-out box construction,
color coding, and numbering are in accordance
with established directives. .

3. Insure that each box, pallet, or skid
required for mount-out is avaiiable; new boacs
are constructed for additional gear as received.

4. Insure that packing lists are current and
accurate; new packing Iists are prepared for
addition gear as received.

5. Make available box covers and hardware
to attach them to their boxes.

6. Insure that unit cargo manifests are main-
tained, reviewed quarterly, and forwarded to the
embarkation officer.

PROJECT TURNOVER

About 30 days before an NMCB completes
its deployment, the advance party of the
relieving battalion is sent to the deployment site
toarrange for the arrival of the main body of the
battalion, and to turn over projects, material,
and equipment. As a member of the advance
party, you will participate: in the on-site
proceedings which consist of taking inventory of

" battalions.

the camp, supply, material, and equipment to
determine shortages or surpluses.

The inventories of camp, supply, and
material are conducted by members of both
The items inventoried include
administrative and operaticnal machines and
consuinables, weapons and infantry equipment,
toolkits and toolroom supplies, special clothing
and bedding, NBC defensive devices, equipment
and materials for communications, medical and
dental services, damage control and safety,
photography and barber supplies, camp facility
collateral equipment and supplies, galley and
messing equipment, ‘rovisions, and camp
support-related equipment.

The equipment inventory, better known as
the Battalion Equipment Evaluation Program
(BEEP), is conducted by assigned personnel of
ALFA Company representing both battalions. It
is a uniform procedure for evaluating and
accounting for all equipment, attachments,
collateral equipage, maintenance records, and
correspondence.

Your part in a deployment «nd project turn-
over is important. It is best to learn or find out
as much as you can about your projccts. Try to
get information about the status of the projects
and project naterials required. Find out whether
or not all materials have been received by sup-
ply.. If so, are they at the project site or in the
MLO yard? i

You must have all the information that
relates to the amount of work in place. This
includes materials expended as well as man-
hours. Obtain all updated drawings and specifi-
cations for the project, including as-built
drawings. In additon, find out whether or not
there are problems tc solve. If so, what has to be
done to solve them?

Make as many contacts as you can with
persons who arc not attached directly to’ the
battalion, for example, public works shop
leaders and supply personnel. Remember, those
you are relieving may have had a good working
relationship with others who can help you in
turning over the project.

102
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PLANNING, ESTIMATING. AND SCHEDULING

Good construction planning, estimating, and
scheduling procedures are essential to the Naval
Construction Force’s (NCF) ability to ac-
complish quality construction that is responsive
to Fleet operational requirements. You, as a first
class or chief Steelworker, will have many
opportunities to test your knowledge in
planning, estimating, and scheduling.

PLANNING is the process of determining
the requirements and devising the methods and
schemes of action for the accomplishment of a
certain project. ESTIMATING is the act of
determining the size, the duration, and the kind
of work to be performed, as wcll as dctermining
the quantities of work elements, materials,
labor, and equipment needed to perform this
work. SCHEDULING is the process of deter-
mining when a work element should be per-
formed and when the material, the equipment,
and the work force will be required.

Another phase of our discussion deals with
the critical-path method (CPM) of scheduling.
From experience, you may already have learned
that CPM is a valuable management tool when it
comes to planning, scheduling, and controlling
construction operations. If not, you will find the
fundamentals of network analysis in this
chapter. These include definitions of terms used
in connection with the critical-path method and
precedence diagraming, and other terms used in
network analysis.

HINTS ON PLANNING

Construction planning is a combination of
several factors. In addition to day-to-day
planning, the following primary matters should
be considered in construction planning: work

element estimnates, malerial estimates, cquipi
ment estima:es, manpower estimates, plant
layout, material delivery and storage, work
schedules, and progress control. These factors
are morc or less dependent upon each other, and
all are taken into account in any well-planned
project. The success of any project depends io a
great extent upon the amount of detail and the
care taken in planning.

Proper planning saves time and money for
the Navy and makes the work ecasier and more
pleasant for your whole group. It can climinate
friction, jealousy, and confusion, and it can free
you from many of the details of the work, thus
giving you time to carry out other important
duties. Proper planning expedites work and
eliminates *‘bottlenecking,”” {reinember that the
neck of the botile is always at its top), and, most
important to you personally, it makes your job
easier.

As the petty offices in charge, you are
responsible for the time of your personnel, as
well as for your own time. You must plan so that
they will be hept busy doing construction work.
This will be to your convenience; a point to
remember is: PLAN AHEAD. Having your
crews stand around idle each morning while you
plan, obviously would be a waste of manpower.
At the close of each day, you'should confirm
planning for the next workday. In doing so,
carefully consider factors that have a bearing on
the availability and use of the work force equip-
ment and supplies. For effective planmng, you
may need answers 1o various questions, such as
those listed below.

1. Work force. Whois to do what? How is it
to be done? When is it to be finished? Knowing
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that idleness may breed discontent, have you ar-
ranged to have another job ready for starting as
soon as the first one is finished? Is every
crewmember fully utilized?

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

3. Supplies. Are all necessary supplies on
hand to start the job? If not, who should take
action?

Have a definite work schedule and inspection
plan. Set up realistic goals or quotas for the day.
Have a definite plan for personally checking at
intervals to see that the work is being ac-
complished and that the goals are going to be
met. Spot check for accuracy, quality, and the
neett for personnel training.

Steelworkers must be trained to do a variety -

of jobs by means of the rotation method,
on-the-job training, or classroom work; allow
time for this in your planning for a job. Time
must also be allowed for handling personnel
problems, records, and military duties. Super-
visors must allow time for reports and other
paperwork which is necessary for the control of
personnel and materials under their charge.
a4

Until petty officers learn to delegate work
properly, they can never be much of a siccess.
In delegating authority, they must be sure that
the personnel concerned have the training and
information necessary to carry out their work. If
you, as a supervisor, find that they cannot do
the job that is required, they may have to be
trained. Remember, you can delegate your
authority within reason, to subordinates; but
you cannot delegate your responsibility for the
final product.

ESTIMATING PROCEDURES

Estimating is an important part of planning
for jobs and/or projects. If you like working
with figures, the preparation of estimates should
be interesting work. In addition to a knowledge

of arithinetic, however, you, as an estimator, ’
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should possess a number of other qualifications,
some of which are noted below:

Good SEABEE estimators should be able to
mentally picture the separate operations of the
job as the work progresses through the various
stages of construction. They should have
previous construction ,experience and must be
able to do careful and accurate work free of
errors. SEABEE estimators should possess the
ability to use good judgement in determining
what effect numerous factors and conditions
will have on construction of the project and
what allowances should be made for each. They
should have information available about
material, equipment, and labor required to per-
form various types of work under the conditions
encountered in accomplishing the construction
projects. Collection of such information on con-
struction performance is part of the job of
esdmating. Reference information of this kind
may change from time to time, and therefore,
should be revised frequently. Estimators, work-
ing alone or as a member of a team, may often
be required to plan construction and prepare
estimates for other construction ratings, as well
as their own. So, in addition to knowing one
particular specialty, estimators must have a
working knowledge of other branches of con-
struction for which they will have to draw up
estimates.

At this point, let us remind you that various
procedures are nsed in estimating for con-
struction work, and that those described here are
suggested procedures, rather than standard pro-
cedures. You must use judgment as to when the
procedures can be ‘applied effectively; and, in
soIne cases, you may want to make revisions in a
procedure to make it more suitable to the par-
ticular project being estimated.

USE OF DRAWINGS
AND SPECIFICATIONS

Information provided on drawings is a main
basis for measuring quantities of work elements
and materials. Accurate estimating requires a
thorough examination of the drawings. All notes
and references should be read carefully and all
detail and reference drawings should be
examined. Dimensions shown on drawings

04
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and/or figured dimensions should be used in
preference to scaled dimensions. If it becomes
necessary o scule dimensions on drawings, a
scale rule should be used, and the graphic scale
on the drawings should be checked for
expansion or shrinkage. When there is disagree-
ment betwecn the plans, elevations, and details,
the detail drawing is normally followed, unless it
is obviously wrong.

The specifications should be used together
with the drawings when quantity estimates are
being made. When there is disagreement
between the specifications and the drawings, the
specifications should normally be followed. If in
doubt, consult the OICC, operations officer, or
the PW officer for a decision. As the estimator,
you should become thoroughly familia?(‘vith all
the requirements stated in the specifications.
Some estmators read the specifications more
than once m order o fiv these requirements in
their nunds. Notes made while reading the speci-
ficaions will prove helpful when the drawings
are being examined. These notes should list
iems of work or rnaterials which are unusual,
items NOT familiar to the estimator, and
reminders to be used during your cxamination of
the plans.

NEED FOR ACCURACY

Quantny estimates are used as a basis for
purchasing materia.;s and for determining equip-
ment and work force requirements. They are
also used in scheduling progress that provides
the basis for scheduling the material deliveries,
thé equipment, and the work force. In view of
the widespread use, you can see that accuracy in
preparing quantity estimates is very important.
To help insure accuracy, quantity estimates
should be checked in a manner that will
eliminate as many errors as possible. One of the
best ways to check a quantity estimate is to have
another person make an independent estimate
and then compare the two estimates after both
are completed.

WORK ELEMENT ESTIMATES

-

A work elemeni estimate is a listing of the
quantities of each work element, such as lineal

feet of pipe to be laid, required to construct a
given project. Work clement estimates are
prepared by computing the quantitics of the
various items of work shown or referenced by
notes on the drawjngs and described in the speci-
fications. You may sometimes hear work
element estimates called quantity surveys or
quantity takeoffs. They are used in scheduling
progress which provides the basis for scheduling
the material deliveries, the equipment, and the
work force. Errors in work element estimates
can multiply many times through their use in the
preparation of these other estimates and
schedules.

As an estimator, you should have a good
general Fnowledge of the project to be con-
structed before performing any actual takeoff of
quantities. This knowledge can be obtained by a
general study of the drawings, by reading speci-
fications, and by examining all available
information about the project site and local con-
ditions. After becoming familiar with the pro-
ject, you, as the estimator, are ready (o begin
measuring and recording quantities or materials
for the work elements.

In measuring quantities, the normal practice
is to begin by measuring work clements on the
foundation and footing plan and to proceed
through the basement and each succeeding floor
plan of the architectural and structural draw-
ings. All reference and detail drawings that refer
to a particular plan are examined and worked in
conjunction with that plan. After examination
of the plans, the elevations and then the details
are examined one by one; all material NOT
previously taken off are measured and recorded.
Often concrete, reinforcing, and structural
features are shown on drawings separate {from

" the architectural features. When this is done, it

is best to work the concrete and reinforcing
drawings first, followed by the architectural
drawings. After completing the argHitectural
and structural drawings, the mechanicai and
then the electrical drawings are worked, and
these are followed by any available specialty,
civil, or shop drawings.

In measuring quantities on a drawing, it is
better to begin at one si‘le and work towards the
opposite side, marking with a colored pencil the
particular work as it is measured and recorded.
Work,\ such as conciete, reinforcing, and
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similar items, can be marked with a simple check

(), but items, such as conduit and piping,

should be marked by tracing over the part
measured with a colored pencil. The colored
marks NOT only show the esiimator what has
been taken off, thus preventing duplication, but
provides a means of checking a drawing for
omissions.

As cach work element is measured, the infor-
mation is recorded and computations are shown
on a worksheet. Figure 6-1 illustrates the type of
information shown on a typical work element
estimate worksheet. The heading of ‘each
worksheet should show the following: that itis a
work element estimate worksheet, the worksheet
number, the estimator’s name, date of takeoff,

SHEET NO.__&2 _OF _§
ESTIMATED BY _Kavah pate /9-

WORK ELEMENT ESTIMATE

WORKSHEET :
CHECKED BY 8*;#‘1\ DATE /7-
NMCB 3% LOCATION ___f M YEAR__ (-
PROJECT 2z ‘&z?m‘? o it [ pwe Rpieac .
WORK ELEMENT LOCATION MEASUREMENT AND COMPUTATION QUANTITY
Comenete |Et. e 7%, Lo 373 5q 17
/C;m. yrg.hs x@ 29 x 175 Y77 CF
VL. ol |3 Xﬂétan;§7"5 SeX /-]
;’%Z{;’,,. 32xzéa’x7. X [ 75 |3775 CF
Dt eol. 138 ploso :z'z/.'ff,,,xf/z%;éi
ﬁb,éf/w 3852,33x2.3/3 4.5 | 92&cr
AM&MMM%;__
Lacdeo (4" pide, T 6" i
' A yifp2.33 X (17K 45~ 42 37CF
éfeo& ,ée TQ.M /470'-’3%,[5',/7//%24
21l i G
AXP 25 Y (47 XH5 056 CF
Ledtotac /5,195 €F

87.1
Figure 6-1.—Work element estimate worksheet.
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checker’s name, date checked, battalion
number, deployment location, year, project
number, and project description.

A summary of work element quantities is
prepared by transferring the totals on the
worksheets to a summary sheet, which becomes
the work element estimate. Work elements are
arranged in the same sequence as they appear in
the standard work element list so they will be in
the correct sequence for reporting or recording
on work schedules. This summary sheet has the

-~

same information in the heading as the
worksheet, except that it is shown as a work
element estin .te summary sheet. The body of
the summary sheet shows the description
and quantity of the work elements. If decisions
have been made as to how the work will be ac-
complished, they are indicated by an entry. For
example, excavation is entered 1s machine ex-
cavation and backfill as machine backfill. A
typical work element estimate summary sheet is
illustrated in figure 6-2.

SHEET__ L _ __OF_%t_
ESTIMATED BY Kemrme DATE /97

CHECKEn BY Baglbey _ taTE 1=

WORK ELEMENT ESTIMATE
SUMMARY SHEET

nmce L0 LOCATION _M

YEAR_LZ -

proseCT 28 DESCR"’T'ONM?LMMZ
WORK ELEMENT QUANTITY
E zc ; 5 : g io
__W_W _ {860 cy
Weacdint @1%7/ (277 cy
Mol compacliow (277 cy
583 cy
[y 083 SFCS

39,6 Tt

j&z.é&'.,v

145.4

Figure 6-2.—Work clement vstimate summary sheet,
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Before proceeding, note that the forms

_shown in figures 6-1 through 6-6 of this discus-

.

sion illustrate the minimum amount of informa-
tion which should appear on such forms and
should NOT be considered as standard
worksheets. Some estimators may wish to record
additional information, or they may desire to
record their work in a different manner. A main
object to keep in mind is that the recording is to
be detailed in such a manner that anyone review-
ing the estimate can understand what was taken
off and how the computations were made. If this
procedure is followed, an independent check can
be¢ made withoul questioning the estimator as to
how they arrived at any quantity in the estimate.

MATERIAL ESTIMATES

A material esliwale i a listing and descrip-
tion of the various material and the quantiiies
required 1o <onstruct a given project. Informa-
tion for preparing material estimates is obtained
from drawings and specifications. A material

. estimate is sometimes referred 9.as a materials

takeoff. )

Material estimates are used™as a basis for
construction material procurgment, and also as
a check 1o determine if sufficient material is
available 1o construct or 'to complete a project.
For example, the operations officer may have
some doubt about the availability of material to
complete a certain broj@cl, s0 an estimate is
prepared listing the quantities of the material
that will be required 1o complete the project.
This estimate is compared with the stock of the
material on hand to determine any shortage.

The following is a suggested procedure for
preparation of a material estimate. First, obtain
the work element quantity which is usually done
by referring to the work element estimate. Con-
vert this into the quantities of the material re-
quired to perform the work. (Conversion units
obtained from table 6-1, and from tables sup-
plied by NAVAL CONSTRUCTION TRAIN-
ING CENTER, courses should be used
whenever possible:) This conversion should be
done on a worksheet when the estimator records
how each quantity of material was obtained. A
typical material estimate workshéet is shown in
figure 6-3. It is important that worksheets be
sufficiently detailed to be self-explanatory, so

STEELWORKER | & C

that anyone examining them can determine how
quantities were computed without consulting the
estimator. Sometimes, if desired, a shetch fur-
nished will explain how the estimator planned
the takeoff. After computing material quantities
on the worksheets, enter them on recap sheets
with like material for a project grouped tog=ther
and totaled. Allowances for waste and loss are
added after the quantities are totaled. There are
many items, such as reinforcing tie wire, nails,
electrodes, gas, solder, flux, form material, and
accessories, elc., which are computed by using a
material quantity rather than a work element
quantity. These computations should appear at
the end of the worksheets, using total quantities
obtained from the material estimate recap sheet.
Notes should be made on the worksheet to te-
mind the estimator that 'these items are to be
compared with the total quantities from recap
sheets. The material estimate recap sheet
becomes the material estimate. A sample of a
typical material estimate recap sheet 15 shown in
figure 6-4.

During construction there is a certain
amount of material wasted due 10 cutting, fit-
ting, and handling. For example, cast-iron pipe
comes in standard lengths which seldom can be
used without cutting and fitung. Sometimes, the
pieces of pipe cut off can be used, but more
often it goes into the scrap pile. Allowance must
be made in the material estimate for this waste.
There is also the possibility of loss due to
pilferage, poor work, and weather. An estimator
has specific information about the joband isin a
position to determine if conditions warrant in-
creasing the waste and loss factor normally used
for any material item. Estimators should NOT
hesitate to vary this waste and loss factor when

" job conditions indicate that normal factors are
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EQUIPMENT ESTIMATES

An equipment estimate, for purposes of this
discussion, is a listing of the type of equipment,
the amount of time, and the number of pieces re-
quired {o construct a given project. Information
from work element estimates, drawings and
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Table 6-1.—Conversion and Waste Factors

Material
Conctete Construction

Concrete (1:2:4)
Cement
Fine aggregate
Coatse rggregate

Curing compound

Forms

Footings and piers
2x4
2z 8
2x12

Ground slabs
1x4
2x4

Walis and columns

2x4

- Plywood (50% reuse)

Beams and susp slabs

1x6

2x 4

¢ 2x10

4x4

4x6

Plywood

Form oil

Tie wire

Snap tie wedges

specifications, and information obtained from
inspection of the site provide the basis for
preparing the equipment estimate. Figure 6-5
illustrates the type of information shown on an
equipment estimate. It is practical te use a
form with columns for work quantities, equip-
ment quantities, and operation days when an
_equipment estimate is being prepared. However,
forms with certain infr rmation in the heading,
such as that shown in the heading of the
form in figure 6-5, will save the estimators
time.

6-7

Converssion % Waste
6.0 sk/cy 10
0.6 cy/cy 10
1.0 cy/cy 10
0.5 gal/100 sf 10
1.5 tf/sfcs 20
0.2 If/sfcs 10
0.7 1f/sfcs 5
0.1 If/sf area 20
0.1 If/sf area 5
1.3 If/sfcs 20
0.5 sf/sfcs 5
0.3 1f/sfcs 5
0.5 lf/sfcs 20
0.1 If/sfcs 10
0.4 1f/sfcs
0.i If/sfcs 5
0.5 sf/sfcs
0.5 gal/100 sf 10
12.0 Ib/ton 10
0.1 ea/sfcs S

145.231.33

Equipment estimates are used together with
work schedules as a basis for determining the
coustruction equipment requirements of a
project as well as total constructidn equip-
ment requirements of a SEABEE deployment.
This estimate includes such items as pipe
machines, welding machines, and mortar mixers
as well as automotive equipment. They may
also be used as a basis for estimating the
amount of spare parts, the number of
mechanics, the size of shops, and the tools
and shop equipment needed to maintain

-
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Table 6-1.—Conversion and Waste Factors—Continued

Material - Conversion % Waste
Concrete Constauction {cont’d) <

Soap ties 0.1 eca/sfcs 5

She bolts 0.1 set/sfcs 5

Nails (bf lumber + sf ply-
wood, ordered as mfbm)

6d box 6 1b/mfbm 10

8d common 4 1b/mfbm 10

16d cowmmon 6 1b/mtbm 10

20d commoan , - 2 1b/mfbm 10

. 6d duplex 4 1b/mfbm 10

- 8d duplex 9 Ib/mfbr 10
16d duplex 9 Ib/mfbm’ 10 -

Reinforcing steel

#3 0.4 1b/1f . 10

#4 0.7 1b/1f 10

#5 1.0 1b/1f 10

# 1.5 1b/1f 10

#7 2.0 1b/1f 10

#8 2.7 Ib/If . 10

Constr joint (bitumea) 3.0 gal/100 sf 10

Floor hardaer ] 3.0 1b/100 sf 10

Non-slip floor finish 25.01b/100 sf 10

Masoary construction

Block (8 x 16) 1.1 ea/sf 10
Brick (24 x 8) — 3/8 joint

4" wall 6.6 ea/sf 10

8” wall .~ 13.1 ea/sf 10

12" Wall 19.6 ca/sf 10
145.231.2
con§truction equipment in operating condition all work elements requiring equipment for their
during a deployment. . performance should be listed. For each work
. ‘ element on this list, the type of equipment and
In prcparlng‘thc equipment estimate, the method of performing the work should be
work element estimate shouid be examined and selected. The production rate per day should

6-8
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Table 6-1.—Conversion and Waste Factors—Continved

Material
Masonry coastruction (cont’d)

Structural face ule (12 x 12)
b
Glazed#structural tile
5-1/3z8
4§x12
5-1/3x12

Ceramic and quarry tile
3x3
6x6
929

Mortar
Block (8 x 16) — 3/8 joint
4" Wall
8" Wall
12'" Wall P
Brick (2' x 8) - 3/8 joint
4" Wall
8’ Wal
12" Wall
Structure tile (12°% 12) -
3/8 joint
4" Wall
8’ Wall
12"' Wall

Tile grout
Plastering

Lath
Chaorel (%4'")
T Lark
Nails (4d)

Tie wire

be estimated for each piece of equipment. The
quantity of work is divided by the production
rate per day to find out how many days of
operation are required to perform the work.
You will be briefed later in this discussion

6-9

Conversion

§

J
1.0 ed/st

|

3.3 ea/sf
3.0 ea‘§st
2.2 ea/sf
\
16.0 ea/s;f
4.0 ca/sf
1.7 ea/sf

0.1 cy/100 blocks
0.2 cy/100 blocks
0.3 cy/100 blocks

0.3 cy/1000 brick
0.4 cy/1000 brick
0.4 cy/1000 brick

0.2 cy/100 tile
0.3 cy/100 tile
0.5 cy/100 tile

20.0 1b/100 sf

0.3 Ib/If
3.4 Ib/sy
0.1 1b/sy
0.8 1b/sy

-

% Waste

10

10
10
10

10
10
10

20
20
20

20

20
20

20
20
20

10

10

10
10

145.231.3

on various factors affecting production and on
sources of information used in determining
equipment production rates. Some elements of
work require several items of equipment to be
used as a group rather than individually; in

113
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Table 6-1.—Conversion and Waste Factors—Continued

Maierial
Plasteriog {cont'd)

Plaster (3{")
Scractch coat
Beown coat
Finish coat

Carpeotry

Nails

Framing

8d common

10d common

16d common
Sheathing (8d common)
Flooring (84 casiog)
Roofing (8d common)
Wall board (6d common)
Trim

4d finish

6d finish

8d finish

Lumber
Framing
Sheathing
Flooring
Roofiag
Wall board
Trim

Steel erection

Rivets (field)

Bolts (field
Temporary
Permanent

these cases, the days of operation should be
shown as days of group operation.

After determination of the number of days
of equipment operation required, the work
schedule should be consulted to find the time

Conversion % Waste

15 cf/100 sy
20 cf/100 sy
10 c£f/100 sy

S 1b/mfbm

15 Ib/mfbm
10 Ib/mfbm
30 Ib/mfbm
30 Ib/mfbm
30 1b/mfbm_
15'1b/1000 sf

3 1b/1000 If
7 1b/1000 1If
14 1b/1000 If

25 ea/ton

5 ea/topn
25 ea/ton

145.231.4

allotted for completion of the work element. It
may be necessary to work several pieces or
groups of equipment at the same time to com-
plete the work within the schedule time. Also, it
may be advantageous to use several pieces or
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Table 6-1.—Conversion and Waste Factors—Continued

Material ;
Steel erection (cont'd)
Sheet metal

Roofing

Corrugated steel (6 inch ead lap)

26 inch width
27.5 inch width

Wood shingles
16 iach (4 inch exposute)
18 inch (6 inch exposure)
24 inch (8 inch exposure)
v Nails (4d)

Built-up roofing (4 ply)
Sheathing paper
Felt
Pitch
Gravel

Tiling

Floor tile
Asphalt, vinyl, asbestos
Primet
Adhesive
Cleaner
Wax

" Acoustic tile
Tile
Cement

groups of equipment at the same time because it
would result in more efficient operation. An
equipment schedule should be prepared for the
total deployment using the work schedule to
determine when the work will be performed. The
number of pieces of each type of equipment
required at any one time can be determined

6-11

Conversion % Waste

- 10

115 sf/sq 10
122 sf/sq 15
900 ea/sq 15
600 ea/sq 15
450 ea/sq 15
4 1b/1000 shingles 15
1 sq/sq 20
4 sq/sq 20
125 1b/sq 10
400 1b/sq 10
- 10

S gal/1000 sf 20
10 gal/1000 sf 20
5 gal/1000 sf 20
5 gal/1000 sf 20
- 10

25 gal/1000 sf /20

145.231.5

from this schedule. This schedule will indicate
the peak workloads for each equipment type. A
study of the peak loads may show that it is
desirable to revise the work schedule to more
evenly distribute the equipment workload and
thereby reduce the amount of equipment
required for a deployment. Other alternatives
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Table 6-1.—Conversion and Waste Factors—Continued

Material
Glass and glazing

Glass
8x12
‘10 x 16
12x 20
14x 24
16 x 28

Glazing clips

Putty
8x12
10x 16
12x 20
14x 24
16 x 28

Caulking

Primer

Compound (4 x )
Paintiog

Metal
Enamel
Zinc white
White lead

Wood
Enamel
Zinc white
White lead
Varnish
Flat
Gloss

would be considered, such as running two shifts
on critical machinery or equipment, or sending
an advance party to begin manufacturing,
precasting, fabrication, or stockpiling before the
arrival of the mainiconstruclion force.

6-12

Conyersion % Waste
75 panes/box 10
45 panes/box 10
30 panes/box 10
22 panes/box 10
16 panes/box 10
- 10
0.6 1b/pane 20
0.8 1b/pane 20
0.9 1b/pane 20
1.1 1b/pane 20
1.4 1b/pane 20
2 gal/1000 1f 10
13 gal/1000 1f 10
0.2 gal/100 sf 10
0.2 gal/100 of 10
0.2 gal/100 sf 10 ;
0.2 gal/100 sf 10
0.2 gal/100 sf 10 ,
0.3 gal/100 sf 10
0.2 gal/100 sf 10
0.2 gal/100 sf 10
0.3 gal/100 sf 10

145.231.6

Following a review of the equipment and
work schedules and making all possible
adjustments to them, a list of the equipment
requirements for the deployment can be
prepared. In preparing this list, downtime

114
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Figure 6-3.—Material estimate worksheet.
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Figure 6-5.—Equipment estimate.

should be anticipated. Sufficient equipment
should be added so that when the equip-
ment is out of service awaiting repairs, a
reserve piece is available for use. This is
especially important for automotive equipment.

6-15

The number of pieces of equipment required
for a deploymen. is obtained by adding the re-
quired reserve equipment of each type to the
peak figure indicated by the equipment
schedule.




STEELWORKER 1 & C

—,

Factors Affecting Production

In realizing the importance of equipment in
gelting construction ivork done, you can see that
special care 1s needed in preparing equipment
estimates. You will often have to consider a
number of factors before arriving at an estimate
of how much work 1o expect from an individual
piece of equipment. Some of the important fac-
tors affecting equipment production are the
average speed at which the equipment will be
operated. the type of materials to be handled,
the experience of operators, the age and condi-
tion of the equipment, the time allotied for
completion, the climate, and safety.

EQUIPMENT SPEED.—Maximum speeds

are established either by a governing authority, .

such as a highway or street speed limit, or by a
command, such as an operating limit on the
equipment. In either case, the speed limits must
be considered when the average hauling speed is
being estimated, which, in turn, determines the
amount of material the equipment will move in |
day. The estimator should NOT make the
mistake of using the speed limit as the average
speed at which the equipment will be operated.
Equipment speed will usually average 40 percent
to 65 percent of the normal speed limits,
depending upon the condition of the road, the
number of intersections to be crossed, the
amount of traffic, and the iength of haul.
Longer hauls will usually result in higher average
speeds, other conditions being equal.

TYPE OF MATERIALS TO BE
HANDLED.—The type of material to be
handled has a definite effect on the amount of
time required. For example, wet, sticky clay is
slower to dig, load, and dump because it sticks
to the bucket, pan, or truck bed, and requires
jarring and shaking to loosen and dump the
load. On the other hand, damp, sandy, loam
does NOT stick to buckets, beds, or pans and re-
quires little or no jarring or shaking; therefore,
the time required for these extra mancuvers is
saved. With a clamshell bucket, sand handles
casier and quicker than gravel or crushed rock.
Bulky, hard-to-rig material and equipment re-
quire more time to load and unload when a
crane is used for Liting. For example, a large

timber or steel beam is easy to handle by simply
putting a choker sling around the midpoint and
lifting, while a large, bulky piece of equipment
would require bridle slings pilaced so as 1o
balance the equipment as it is lifted. Several trial
lifts usually are required, moving the slings after
each lift, before the equipment is balanced for
safe lifting.

EXPERIENCE OF OPERATORS.—The
experience of the operator must be given con-
sideration when the production capabilities of
the equipment is being estimated. An expe-
rienced operator knows the short cuts and per-
forms work with the minimum of effort and
movement, thus getting maximum production
from a machine. For example, an experienced
operator will spread a load of dirt with less
passes than an inexperienced operator will and
will also do a better job of spreading. Also, inex-
perienced operators are likely to foiget some of
the required maintenance operations and, as a
result, tend to have more downume with their
equipment,

AGE AND CONDITION OF EQUIP-
MENT.—The age and condition of equipment
certainly must be considered 1n estimating the
number of days required to perfoim a project.
Old equipment and poorly mamntained equip-
ment are more likely 1o have downtime than new
equipment or equipment in good operating con-
dition. Also old and worn equipment respond
more slowly to the operator, ha:. less power, and
arc. generally. less efficient. Downtime of
equipment sometimes affects more than just its
own operation. For example, if one of five
trucks hauling dirt broke down, it would affect
only its own operation, but if the equipment
loading those five trucks broke down, it would
stop all of the trucks, plus the equipment
spreading and compacting of the dirt being
hauled.

TIME ALLOTTED FOR COM-
PLETION.—The time allotted for completion
affects production if crews must work long
hours daily, or if work must be perfurmed under
crowded conditions tv complete the project
within the allotted time, Crews working long
hours daily without suffivient rest and relaxation
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tend to slow down, especially when this con-
tinues for several weeks, causing total
production to be lowered. Also when work is
performed under crowded conditions, efficiency
drops, and the amount of production is lowered.
More efficient operation and more production
are usually obtained by working two or more
shifts per day.

CLIMATE.—Climate, of course, has a con-
siderable effect on production equipment in
outside work. Rain slows down the work, and
frequently stops it for the remainder of the day
and sometimes for several days. In climates hav-
ing considerable rainfail. as in Okinawa, equip-
ment will NOT produce as much per hour or per
week as in dry climates. Extremely cold weather
slows down the operator and lowers the effi-
ciency of the equipment, thus lowering produc-
tion. Climate also has an adverse effect upon the
spare parts required to maintain equipment in
operating condition and should be considered
when spare part requirements are being deter-
mined. Very dry climates with considerable dust
cause more rapid wear on parts, such as engines
and bearings, while wet climates causc more
rapid wear on parts, such as track assemblies, if
working in muddy conditions.

SAFETY.—Safety factors sometimes limit
the amount of work which can be produced with
a machine, and therefore, they must be con-
sidered as a proauction factor. For example,
although the manufacturer’s crane rating may
show it to be capable of lifting 40 tons with a
70-foot boom at a 45° angle, the maximum lift-
ing capacity of that particular crane may have
been limited to 85 percent of the manufacturer’s
rating as a safety precaution. The crar.e can then
only be used to lift 34 tons with a 70-foot boom
at a 45° angle. Certain pieces of equipment may
have their speed limited because of safety
precautions, which would reduce the rate of
production as discussed earlier in the section on
‘*“Equipment Speed.”

Equipment Production Rates

Numerous sources of information about
equipment production rates are available. These
sources include manufacturers’ tables and
diagrams, Government manuals, and estimating

books. Production rates are usually available in

most SEABEE operaticns offices. However, it is -

NOT practical to draw up a production table
which would consider the particular combina-
tion of factors affecting production on a given
project. Production rates found in tables,
therefore, must be adjusted to fit the conditions
expected on the particular project being
estimated. In order to make the adjusiment in-
telligently, the estimator should know on what
basis the rate in the table was established. This
information is usually contained in the
foreword, in notes for the table, or in instruc-
tions for using the table.

MANPOWER ESTIMATES

A manpower estimate is a listing of the
number of man-days required to complete the
various work elements of a specific project.
These estimates may show only the man-days for
each work element and the total man-days, or
they may be in sufficient detail to show the
number of man-days of each rating—such as
Steelworker, Builder, Utilitiesman, and so
on—for each work element. Manpower

_ estimates are used in determining the size of the

6-17

work force and the ratings required on a deploy-
ment, ahd to provide the basis for scheduling the
work force in relation to the construction’s
progress. Two types of manpower estimates that
you may prepare are preliminary and detailed
estimates. A suggested procedure for preparing
each type is given in subsections below.

Preliminary

Preliminary manpower estimates are used to
establish costs for budget purposes and to pro-
gram maapower for succeeding years. They may
be used as very rough checks of detailed
estimates, but they can be expected to vary as
much as 10 to 15 percent from the detailed
estimate. Preliminary manpower estimates ar¢
prepared from lirnited information, such as the
general descriptions of the projects or
preliminary plans and specifications, with litde
or no detailed information. They are usually
prepared on the basis of area, length, or any
other suitable measurement.

In preparing preliminary manpower
estimates on the basis of area or lineal

L1
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o
measurement, it is first necessary to compute
the area or other measurement of the project
from the information at hand. Next, the
conditions under which it will be constructed
must be considered and a suitable man-day

per unit figure selected from the tables. The
quantity of measurement is then multiplied
by the man-day figure selected to obtain the
total estimated man-days required for the pro-
ject.

% Table 6-2.—Housing and Specia? Services Building Construction
Man-days per unit
Work element description Unit Adverse Average Favorable
condition condition condition
For preliminary estimates only:
Masonry and concreta
construction:
BOQ SF 0.95 0.60 0.40
Barracks SF 0.85 0.55 0.35
Chapel SF 1.5 1.0 0.6
Community center
(60% under roof) SF 0.45 0.30 0.20
CPO club SF 1.5 0.8 0.5
Dry cleaning shop SF 1.00 0.65 0.40
EM club SF 1.2 0.8 04
Gymnasium SF 1.2 0.8 0.5
Handball court
(walls on 3 sides) Each 800 540 350
Housing (family gunarters) SF 0.60 0.40 0.25
Library SF 0.85 0.55 0.35
NCO club SF 1.5 1.0 0.6
Officers mess and club SF 1.5 1.1 0.7
Post exchange, ships
store, and retail shops SF 0.80 0.50 0.35
Roller skating rink
{open sides) SF %,0.40 0.25 0.15
School SF 1.2 0.8 0.5
Service station SF 1.30 0.90 0.55
Theater SF 2.0¢ 1.35 0.89
Butler bldg.' SF 0.15 0.10 006
Butler camp complete? Man 12 8 5
Note: Man-days per unit are for buildings completely equipped.
' Man-days shown do not include interior partition.
iBased on « uplic camp with messng facihties, all utiliies and lavatory taclities,  aduunisirglion buldings.

Does not include shops

87.104




Chapter 6—PLANNING, ESTIMATING, AND SCHEDULING

For example, an EM club is to be built
with reinforced concrete frame and roof,
clay ule and plaster walls. The building is
1o be 60 feet wide ty 80 feet long. Then 60 feet
by 80 feet = 4800 square feet. Assume the pro-
ject site is in Spain, and the estimator believes
conditions will be favorable for construction.
Reference to table 6-2 shows that 0.4 man-days
will be required for each square foot of area of
this type of construction. So, 4800 square feet by
0.4 man-days per unit = 1920 man-days
required for construction of the club com-
plete.

Or, suppose a camp for 500 SEABEES con-
sict ng of Butler bui'dings, with galleys and
reefers, complete with sanitary facilities, heat,
electric power, water, and communications, is
required on an island in the Pacific. Conditions
on the 1sland are such that the estimator decides
a man-day per unit figure halfway between
average and adverse conditions is the correct one
to use. Referring to table 6-2, the man-day per

e

unit figures are 12 for adverse and 8 for average.
Halfway between this figure is:

8+ 12
2

= 10 man-days per unit.

Now, multiplying the 500 SEABEES by 10 man-
days per unit = 5,000 man-days required to con-
struct the camp complete.

In preparing manpower estimates, you may
have occasion to use table 6-3. This table may be
used in the preparation of preliminary estimates
for warehouse and magazine construction.

. In using tables, such as those presented in
table 6-2 and table 6-3, the estimator <hould
select the man-days per unit figure to be used
from the table after considering the various iac
tors which might affect production at the site.
Factors that should be weighed and considered,
in making both preliminary and detailed man-
power estimates, include: the weather outlook
during the construction period, the skill and

Table 6-3.—Wszrehouse and Magazine Construction

Man-days per unit
Work element description Unit Adverse Average Favorable
Condition Condition Condition
For preliminary estimates only:
Masonry and concrete .
construction:
Flammable storage SF 0.70 0.45 0.30
Magazine, small arms SF 1.10 0.75 0.45
Storage shed SF 0.50 0.35 0.20
Warehouse SF 0.60 0.40 0.25
Pretabrnicated structure:
Butler warehouse SF 0.12 0.08 J.05
t arth covered vonerete
magazine SF 0.5 0.3 0.2
Note: Man-days per unit are for building completely equipped.
87.105.0

6-'9




.

STEELWORKER 1 & C

experience of the SEABEES who perform the
work, the time allotied for completion of the
job, the size of the crew to be used, the
accessibility of the site, and the types of material
and equipment to be used.

Remember that tables 6-2 and 6-3 are
designed for the preparation of preliminary
estimates and may be used to obtain a quick
estimate of the work force needed. They will
NOT give nearly as accurate results as detailed
estimates which attempt to adjust for all of the
factors which affect the number of man-days re-
quired to construct a project.

Detailed

Detailed manpower estimates are used 1o
determine the work force required for construc-
tion of a given project. They are also used to

etermine total direct labor requirements of a
SEABEE deployment.

Ih preparing detailed manpower estimates,
{irst obtain the work element quantity from the
work elemeni estimates worksheet. Using the
appropriate table as a starting point,.select the
man-days per unst figure; adjust it, as necessary,
1o compensate for new tools, equipment,
methods, and previously maintained factors,
and then muliiply by the quantity to obtain the
total man-days required for the work element. If
a work element estimatc summary is prepared, a
copy of this summary sheet can be used as a
manpower estimate worksheet by adding two
columns—one headed ‘‘Man-days per Unit”’
and thefother **‘Man-days Required.’’ The man-
days pér unit figure should be entered in the
approptiate column. Extensions are then made
by multiplying the figure in the quantity column
by the figure in the man-days per unit column,
the result being the man-days required. An ex-
ample of a work element estimate summar,
sheet used as a worksheet for manpower
estimates is shown in figure 6 6. If the summary
sheet is NOT used, worksheets should be
prepared listing the work clements and their
quantities. Otherwise, the procedure is the
same as indicated above, with the worksheet

substituted in place of the summary sheet. These
worksheets record the manpower estimate when
progress control is 10 be exercised to the extent
detailed in the tables. If lesser control is desired,
a summary sheet should be prepared with the

-work elements detailed 10 the extent desired.

Table 6-4 iilustrates the type of table which
you might use in preparing detailed manpower
estimates of structural steel erection. As an ex-
ample in the use of this table, suppose that a
gymnasium is to be erected on an istand in the
Pacific, using structural steel frame and steel
roof trusses with high-strength bolted field con-
nections. The work element estimate lists the
following quantities of steel to be erected:

Columnsand beams .... 46.5tons
Trusses............... 18.5 tons )
Purlins............... 15.8 tons

High-strength bolting. .. 1,800 bolts

USES OF A.
CONSTRUCTION SCHEDULE

Before, during, and after construction, the
schedule serves as an operational guide for all
managerial and supervisory personnel. Without
the schedule, coordination aad teamw ork would
be difficult to achieve.

BEFORE CONSTRUCTION

Before work actually begins, the schedule in-
sures that the person in charge has an idea of the
time required for construction. It shows clearly
the sequence in which the personnel, materials,
and equipment are required, thus allowing one

.job to be.integrated with another and insuring

maximum utilizatuon of the constructing units
capability.

DURING CONSTRUCTION

During c¢onstruction, the schedule serves
as a basis upon which to issue orders to
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Figure 6-6.—Manpower estimate worksheet,

subordinates. It insures that equipment is NOT
tied up longer than necessary, and that large
numbers of personnel are NOT brought on the
job before they can be employed efficiently.
Such a situation is NOT only wasteful, but is

quickly interpreted as lack of organization, and
will have an extremely adverse effect on the units
morale. The schedule enables the supervisor to
prepare checklists to see exactly what jobs
should be in operation at a given time, rather
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Table 6-3.—Structural Steel Erection

Man-days per unit
Work element description Unit Adverse Average Favorable
condition condition condition
Unload, erect, plumb, and level: °
Columns and beams Ton 4.2 2.8 1.4
Girders Ton 3 - 2 1
Trusses Ton 6.3 4.2 2.1
Girts and purlins Ton 4.2 2.8 1.4
Window and door frames ( Ton 8.4 5.6 2.8
High-strength bolting 1000 40 25 15
Bolts
Welding structural steel
connections (1/4" weld) 1000 LF 100 63 38
For quick estimates:
Structural steel erection,
complete Ton 5.7 3.8 1.9

Typical crew: 1 crew leader, 1 crane operator, 4 to 6 workers unloading, plumbing and connecting, and

2 to 4 workers boliing and welding.

than to assume ‘‘everyone is working, so
everything must be all right.”’ The schedule is a
means of insuring that material is NOT
produced or delivered long before it is required,
and that storage facilities are utilized efficiently,
and that effort is NOT expended needlessly in
rehandling materials.

When field changes occur or production is
slowed down, the schedule serves as a basis by
which a supervisor can evaluate the effects upon
related woik items and devise solutions which
will cope with the changes in scheduled opera-
tions.

Up-to-date actual progress, plotted upon the
schedule at regular and frequent intervals,
reveals work items that are falling behind
schedule in time to apply corrective action. The
schedule also serves as the basis for preparation
of progress reports to higher command levels.

6-22
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AFTER CONSTRUCTION

After the project is completed, an analysis of
the schedule can be useful in isolating informa-
tion for future reference. Noting‘which items fell
behind or were completed ahead of schedule will
enable estimators to re-evaluate their time rates
and modify them for future use based on new
experience.

ELEMENTS OF SCHEDULING

The elements used in scheduling work in-
clude the work item number, the item desctip-
tion, the unit of measurement (cubic yard,
square yard, ton, each, etc.), the quantity of
work to be performed, the relations of each item
to the whole in terms of work to be performed,
such as percentage of the total work required for
each item, units of time to be used in the

1
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schedule, the stariing date, the time required for
each item, and the completion date. The
elements of scheduling equipment and the work
force are similar to those of scheduling work,
but in addition, the number of pieces of
equipment and the number of personnel are in-
cluded.

PRINCIPLES OF SCHEDULING

The development of a schedule is governed
by four principles which remain fixed, even
though the type of schedule is changed.

SCHEDULED OPERATIONS CANNOT
EXCEED THE CAPABILITY TO
ACCOMPLISH THE WORK. For example, if
only five welding machines are availaple, the
maximum which can be scheduled at any given
time is five.

SCHEDULED OPERATIONS MUST
FOLLOW THE SEQUENCE OF THE WORK
REQUIRED FOR THE PARTICULAR JOB.
For instance, the same part of a road cannot be
surfacad while the base course is being con-
structed, nor can a roof be put on a building
before the foundation and walls are up.

These two principles may appear so-obvious
as to merit little attention, yet the most common
errors in scheduling involve violations of both.

If a schedule is made which does NOT violate .

either of these principles, it will be a workable
schedule, but it will NOT necessarily be a good
schedule. Two other principles must be observed
to develop a good schedule.

CRITICAL ITEMS MUST BE SCHED-
ULED AS SOON AS POSSIBLE. Maximum
speed in completior: of a project is most fre-
quently the aim in advanced base construction.
This is usually achieved by ccheduling those
items which take the longest, or upon which
many other operations are based, to begin as
early as possible.

SCHEDULING MUST INSURE CONTI-
NUITY OF WORK EFFORT Maximum effi-
ciency in accomplishing a particular work item is

6-23

best achieved if the time for accomplishing
that item is as continuous as possible. For
example, a crewmember on a project should
NOT be required to change from cutting and
tying rebar to installing duct work or doing some
other type of work. This redgces the output, and
requires more supervisory personnel. These last
two principles are often in opposition to one
ancther and a balance must be made between
them to obtain the best schedule.

TYPES OF SCHEDULES

Work schedules are usually prepared for the
deployment as a whole-and for each project of
the deployment. Manpower and equipment
schedules are normally prepared at the same
time, because the information they contain is re-
quired for the preparation of the work
schedules. The separate projects of a deploy-
ment are scheduled in the deployment schedule;
the separate work elements of a project are
scheduled in a project schedule.

A typical deployment work schedule is
shown in figure 6-7. The deployment will
accomplish three projects: (1) the construction
of 22 replacement housing units, (2) the laying
of 12,600 linear feet of a POL (petroleum, oil,
and lubricant) system, and (3) the construction
of 28,000 square yards of road. It s estimated
that, of the total work time allotied, 38.7 per-
cent will be required for the replacement
housing, 23.9 percent for the POL system, and
17.4 percent for the roads.

Project 1 will begin in March and end in
October; project 2 will begin in April and end in
Ortober; and preiect 3 will begin in March and
end in July. The estimated percentage of com-
pletion of each project for each month is as
shown. These monthly figures are used to deter-
mine the estimated percentage of completion of
the total project (deployment), shown at the
bottom of the page. For example, in May, 34
percent of 58.7 percent, 18 percent of 23.9 per-
cent, and 58 percent of 17.4 percent of the work
will be accompliched. This amounts to 34
percent of the total work.
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DEPLOYMENT WORK SCHEDULE

NMCB 4 LOCATION -- DIEGO GARCIA YEAR- 19- PREPARED 1-4- BY G. SMITH

MONTHLY PRODUCTION ~ EST. AND ACT.

PROJECT DESCRIPTION UNIT |{QUANTITY | "ECHEED .
: MAR | APR | MAY | JuN | JuL | Auc|serT|oCT
1 | REPLACEMENT HOUSING uNITS | 2 87 |[10f a5 |34 [ a3] 2] 66]8s|r00]
2 | POL SYSTEM tFo | 12,600 23.9 [2] 18] 39] 58 [-80 ] o1 [100]
3 | RoADS sy | 28,000 e |18 [ 3]s |75 Jr00] '

TOTAL PROJECT 100.0 71 21| 34 ] 48 | 62|76 | 8 |100

' WEIGHTED VALUE IS THE PERCENTAGE OF THE TOTAL MAN-DAYS ALLOCATED TO EACH PROJECT.

s

82.91
Figure 6-7.—Deployment work schedule.
PROJECT WORK SCHEDULE .
NMCB 40 LOCATION -- DIEGO GARCIA YEAR - 19~ PREPARED 1-4- BY G SMITH
PROJECT -- POL SYSTEM
' MONTHLY PRODUCTION — EST. AND ACT,
"]g" DESCRIPTION UNIT | QUANTITY 'W&}gb
: . MAR]APR|maY | tuN] suL | AucisEPT| OCT
Ll T NG e cy 2,20 9.1 wlzlulen|osiiw
2 INSTALL VAL VES EACH 2 0.9 15 | s | 8 | 100
M4 cgNTssmucnon VALVE EACH 10 10.9 0 | 40|65 | 90|00
1
. M13 INSTALL 12 PIPE LF 12,600 8.2 0|38 719|100
2R9 PUMP HOUSE EACH 1 15.4 15] 40| 65} 85| 100
WORK NOT
Q2 8% &R0 asove L’s ) 5.5 512 | 45| 70| %/|w00
TOTAL PROJECT 100.0 1| e| ®le} ]|
v 82.92

Figure 6-8.—Project work schedule.
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Chapter 6—PLANNING, ESTIMATING, AND SCHEDULING

Figure 6-8 shows the work schedule for one
of the projects shown in figure 6-7. Figure 6-9
shows the deployment manpower schedule for 1
month of deployment. The total man-days per
month figure at the bottom is the sum of the
total per day full-day figures, plus half the sum
total per day half-day figures. Figure 6-10 shows
a l-month manpower schedule for one of the
projects shown in figure 6-9.

Figure 6-11 shows the equipment schedule
for the deployment. The interval during which
each item of equipment will be required is in-
dicated by a BAR at the right. In figure 6-12, a
similar chart, called a BAR CHART, shows the
{-month equipment schedule for one of the pro-
jects. Figure 6-13 shows a simple tabular type of
the project work schedule.

TECHNIQUES OF SCHEDULING

In scheduling a project, the first procedure is
to list the work elements. Next, determine the

construction sequences; obviously, excavating
must come before foundation placement,
building completion before the base course and
paving materials can be placed, etc. The starting
date for the project is the starting date for the
work element which is first in the construction
sequence. .

The time required for each work element
is determined by dividing the estimated man-
days required by the number of persons
expected to be assigned to constructing that
element. Each work element is scheduled in its
proper construction sequence, showing starting
and completion dates. Often, of course,
it is NOT economical to wait until one
element is finished before starting another.
For example, concrete foundations can be
started at one end of a building while
excavating is still going on at the other end,
or paving can begin at one end of a road
while grading is still going on at the
other.

DEPLOYMENT MANPOWER SCHEDULE
NMCB 40 LOCATION DIEGO GARCIA YEAR - 19— PREPARED 14- BY G ST
PROJECT - POL SYSTEM
PR | pEscrIPTI 2 JULY -
NO CRIPTON Ji[iTz]s]aTsTel7Te]e [wlulie]izlialis liefizlielislzolz Jo2 23[2al2512627]28]28[3013)
REPLACEMINT E |47]47(49 49141 148148 4812 46]54|5450|54 544714714350 47147142142
! HOUSING A
b Brarns 43 0l5al4712°] < 1s0]s0| o5|>s
2 | oL sysiem ngqua 48|56149]49]49 51 [43]4347[43 50| 50]54[47
, ~ [ s
3 | ROADS 'E 40] 4040 X ><l40 40|40 40| 408 40| 40[40]40]40 4014040 40]40 P> ~|40]40]40/40
1A
£
N R Al -
E | i 1] Rl
E
A
£ -»
___ 1Al 5
TOTAL PERSONS £ 1371137137 Y 137}137{137H37] 19711 13Tharhia7| s3> 137|137 13737] 137 1371371379157
PER DAY [A I
TOTAL MaN-DAYS PER |E | 3288
MON TH A

@ DENOTES SUNDAYS AND HOLIDAY S WHEN NO ‘WORK 15 SCHEDULED.

z DENOTES SATURDAYS WHEN HALF DAY’S WORK IS SCHEDUL ED.

82.93

Figure 6-9.—Deployment manpowe: schedule.
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PROJECT MANPOWER SCHEDULE )
NMCG 40 LOCATION ~ DIEGO GARC:A YEAR .- 19 - PREPARED 1-4— BY G. SMITH
PROJECT -- POL SYSTEM
IV, JULY
NO. [ DEscRIPTiON 121314816l 71814 ol 213 /Al 316l 718l 1alz0l 2 122232412512 o2 71281293031
a1t TRENGHING, OITOH-T E 121 2 [ZDINDT 21 2121212 IN[X] 2 [21212]2[> 7I7]7]7[75 71717]7
ING, BACKFILL [ A
242 | INSTALL VALVES |E 2 Zle 21212
o | CONSTRUCT E[6]6]6 6110151515 iolel610l6 6lollolf]s 5 10110
VALVES PITS A
13l INSTALL 12° PIPE £ 26]26[2 26l26{26126126 261262612261 19 126|122, 33128 2 6|24]26]26
289 | PUMP HOUSE gt;lZ!z 12112112112]12 9]919]49]9)s 717171 7ol 10l10l10110
293 | YORK NOT el4id 4141414 4 21212 2 2121212
COVERED ABOVE
A
TOTAL PERSONS 5030 3]56[4949|49 514387143k 435050 59147 3015015515
PER DAY A | | 1
TOTAL MAN-DAYS El 1174
PER MONTH A
Figure 6-10.—Project manpower schedule. 82.94
/
DEPLOYMENT EQUIPMENT SCHEDULE
NMCB 40 LOCATION - DIEGO GARCIA YEAR - 19 — PREPARED l-4— BY G. SMITH
fy ity EQUIPMENT neg. | MAR [ APR | may | sun [ sut [ aucserT| oct
AIR COMPRESSOR, 210 CFM !
. BULLDOZER, 1137130 DBHP / —
REPLACEM'T |__CRAWLER CRANE, 45 TON !
HOUSING | MORTAR MIXER, 6 CF 2
MOTOR GRADER, 12' BLADE ! ~
TRUCKS, 2 TON, STAKE 3
BULLDOZER, 113/130 DBHP !
2 MORTAR MIXER, 6 CF /
POL SYSTEM | MOTOR CRANE, 20 TON 73
TRENCHING MACHINE ]
ASPHAL T DISTRIBUTOR, 24° WIDTH /
ASPHAL T FINISHER, 10" 14 WIDTH [
ASPHALT PLANT, COMFLETE, 100 TON {
) BULLDOZER, 110/113 DAHP 2
ROADS MOTOR GRADER, 12° BLADE L /
SCRAPERS, SELF-PROPECLED, 12 CY 3
TANDEM ROLLER, SELF-PROPELL ED /
TRACTOR, PUSHER, 113/120 DBHP /
TRUCKS, 10 TON, DUMP 3
VIBRATING COMPACTOR /
CONCRETE BATCH PLANT, COMPLETE /
ALL TRANSIT-MIX TRUCKS, 5% CY 3
PROJECTS

* Figute 6-11.—Deployment equipment schedule.
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PROJECT EQUIPMENT SCHEDULE :
NMCB & LOCATION -- DIEGO GARCIA YEAR - 19—~ PREPARED 1-4— BY G.SMITH
PROJECT ~ POL SYSTEM P
iteMNO. & EQUIPMENT NO. | mAR | APR | maY | sun] JUL | auG|SEPT{OCT
DESCRIPTION REQ. i
24 - TRENCHING MACHINE i
TRENCH & BF 8ULLDOZER, 120 DBHP i
M2 MOTOR CRANE, 20 TON 1
INST VALVES w. i ion | with} 13"
M13 MOTOR CRANE, 20 TON 2 !f_m_
INST 12" PIPE|  BULLDOZER, 130 DBHP q i -
289 MOTOR CRANE, 20 TON \ —
PUMP HOUSE MORTAR MIXER, 6 CF \
82.96

f

Figure 6-12.—Project equipment schedule.

PROJECT WORK SCHEDULE .
NMCB 40  LOCATION -- DIEGO GARCIA YEAR -+ 19 — PREPARED 1-4— BY G. SMITH
PROJECT -- POL SYSTEM
ESTIMATED ACTUAL
My DESCRIPTION uniT | Quanmry | “ECKTED
START | FINISH | START | FINISH
2”11 TRENCHING, DITCHING,
& BACKFILLING ey 2,200 o0 | a6~ |08 -
M2 INSTALL VALVES EACH 25 09 | 716 — | 1016 —
24 CONSTRUCT VALVE PITS EACH 10 109 | su~]|920-
2413 | INSTALL 12" PIPE LF 12,600 82 | 430 — 1016 —
2R PUMP HOUSE EACH ) 15.4 Sl =] 9% —
203 WORK NOT COVERED ABOVE L/s 1 55 | 416 1018 =
TOTAL PROJECT 100.0 | 416 -- 1018 —

82.97

Figure 6-13.—Project work schedule.

6-27

ERIC

Aruitoxt provided by Eic:




STEELWORKER 1 & C

PROGRESS CONTROL &

Progtess control is exercised by:

1. Measuring actual production agoainst
planned production.

2. Determining causes of discrepancies, if
there are any.

3. Taking remedial action to correct
deficiencies in production and to balance
activities in order to attain overall ob-
jectives. '

REPORTING PROGRESS

Work accomplished should be reported on
daily labor reports. However, in some types of
work, it is more convenient to report work quan-
tities as portions are completed, rather than to
attempt to report partial completion of portions.
For example, if 2,000 cubic feet of earth must be
excavated before a section of runway paving is

CHARTING PROGRESS

A common way of charting progress is to
insert percentages of actual work completed in
spaces left adjacent to the figures for estimsted

completion percentages on work schedules.

to be placed, it is difficult to estimate partial .

progress of the excavation, and NO report is
usually made until the excavation is completed,
ready for paving.

Items suitable for daily reporting are those
which may reasonably be expected to show a
fairly steady production rate per man-hour; such
as placing concrete or asphalt paving or
excavating and/or hauling of large quantities of
cut and fill. For such items, daily reports provide
a continuous, running check on progress.

A daily report should show the man-hours
expended on each work element. Preparation of
weekly or monthly reports is accomplished by
recording daily reports in ledger form and
totaling fc - a week or month.

Monthly progress reports are usually made in
narrative form, with a progress chart (explained
later) included in the report. Major problems
affecting progress should be described, and any
unusual construction methods should be
reported in detail with sketches included if
necessary. If progress is behind scheduie, the
report should describe what measures are being
taken to bring it back on schedule, or explain
why the completion date cannot be met and
what extension of time is needed for conipletion.

6-28

THE CRITICAL PATH METHOD

In past years, a network analysis system of
project planning, scheduling, and control, called
the CRITICAL PATH METHOD (CPM) has
come into existence and widespread use in the
construction industry. The object of CPM is to
combine all the information relevant to the plan-
ning and scheduling of project functions into a
single master plan—a plan that coordinates all
of the many difierent efforts reayired to
accomplish a single objective, that sh®¥s the in-
terrelationship of all of these efforts, that shows
which efforts are critical to timely completion,
and hence promotes the most efficient use of
equipment and manpower,

The Ciritical Path Method of scheduling was
one of the outgrowths of the Program Evalua-
tion Review Technique (PERT) developed in the
Special Projects Office, BuWeps, Navy Depart- -
ment and a project planning and scheduling
technique based on network analysis called
Critical Path Planning and Scheduling (CPPS).

While CPM has been most widely applied in
the construction field, other possible applica-
tions are almost unlimited. A shop supervisor,
for instance, may often find CPM, useful in
planning work to obtain the most economical
manpower utilization.

There is a lot to know ahout CPM and you
may not find all the information you need on the _
subject in this training course. - Sufficient
coverage is provided, however, to assist you in
preparing arrow diagrams, interpreting critical
path schedules drawn up for jobs under your
supervision, and in developing critical path
schedules for future construction proiects. More
detailed information on the CPM car be found
in the SEABEE Planner’s and Estimator’s
Handbook, NAVFAC P-405.
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" PREPARING THE

ARROW DIAGRAM

The arrow diagram is the single most impos-
tant piece of input information. It must be
drawn to identify, in a graphic form, the
individual items of work, services, or
tasks—referred to in network analysis as
ACTIVITIES~—that are involved in constructing
the project. Also, of equal importance, the
arrow diagram must show how each ACTIVITY
depends upon others during the sequence of
construction.

In substance, the arrow diagram graphically
describes the sequence of ACTIVITIES as well
as the interrelationship of ACTIVITIES within
the prdject. Instead of an arrow diagram, the
graphic technique is sometimes referred to as an
ARROW NETWORK, a DEPENDENCY
DIAGRAM, a DEPENDENCY NETWORK, or
a LOGIC NETWORK.

In an arrow diagram, both arrows and circles
are used to describe the sequence of work. An
arrow represents an ACTIVITY, and a circle

117.308X
Figure 6-14.—Activities and events.

ANGULAR

H

PARALLEL

represents an EVENT. An FVENT is the
starting point of an ACTIVITY and occurs only
when all the ACTIVITIES preceding it, which

- means all the arrows leading to the circle, have

been completed. -

In figure 6-14, the starting point for activity
C is the occurence of EVENT NO. (2). Event
NO. (4) does NOT occur until the work
represented by activity C and the work
represented by activity D had been
completed—and this means entirely completed.
This indicates then, that the work represented by
the activity F cannot start until activities C and
D have been finished. If this does NOT accu-
rately describe the situation, the arrow diagram
must be redrawn. The graphic form used to il-
lustrate the arrow diagram is a maitter of bat-
talion preference. NAYFAC and COMCBPAC”
COMCBLANT are somew hat liberal about the
form or specific technique wused. "Thiee
of the more common graphic forms used in ar-
row diagraming are shown in figure 6-15.

Because everything that happens in network
anelysis is activity dependent, one actwnty is
dependent upbn others. The arrow diagram
must bc a mcaningful description of the project.
If it is NOT, results from the network analyus
will be less than satisfactory. In almost every
case of difficulty or dissatisfaction with network
analysis, the cause can be traced to a faulty or
unrealistic arrow dlagram Since everything in
an arrow diagram is significant, the basic prin-
ciples must be understood and applied com-
pletely.

Principle Number 1

The first principle of arro ~ diagram develop-
ment is that everything in the diagram has

FREE FORM

117.309X

Figure 6-15.—Graphicz forms used in arrow disgraming.
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meaning. Within this principle, the following
rules apply.

1. Every arrow represents an item of work
and is referred to as an ACTIVITY. (See view A
of fig. 6-16.)

2. An EVENT is the starting point of an
ACTIVITY, shown as a circle. (See view B of

. ’ﬁg. 6-16.)

3. An ACTIVITY depends upon and cannot
begin until the completion of all preceding
ACTIVITIES. (See view C of fig. 6-16.)

As illustrated in view D of figure
6-16, POUR FOOTINGS depends upon the

POUR FOOTINGS

POUR FOOTINGS
O,

DIG B INSPECT POUR FOOQTINGS

Y

FOOTINGS E

0

i ORDER 8 DELIVER

REBARS
/]

DIG 8 INSFECT kfg\ POUR FOOTINGS .

FOOTINGS

ORDER 8 DELIVER POUR

REBARS RAMP
D

143.290X

Figure 6-16.—Disgram development for principle

number {.

completion of DIG & INSPECT FOOTINGS
and ORDER & DELIVER REBARS.

4. All activities that start with the same event
depend upon and cannot begin until the comple-
tion of all activities that enter that event.

As illustrated in view D of figure 6-16,
POUR FOOTINGS and POUR RAMP depend
upon the completion of the two activities that
enter their common starting event. In other
words, it is impossible to POUR FOOTINGS or
to POUR RAMP until DIG & INSPECT
FOOTINGS, and ORDER & DELIVER
REBARS have both been completed. The
diagram indicates that all the footings, not just a
few, must be dug and inspected, and all
necessary rebars must be on hand, before either

* of the two activities starlin% with event (9) can

6-30

begin.

In figure 6-17, all three activities that start
with event (10) must wait until all activities that
enter event (10) have been entirely completed.
None of the three can possibly start until both
OBTAIN PERMITS and the PRELIMINARY
SURVEY have been finished. If one of the three
leaving (10) does NOT depend upon the comple-
tion of both those entering (10), the arrow
diagram is misdrawn and the schedules pro-
duced from it will NOT be realistic.

Principle Number 2

A second principle is that an activity has a
single definite starting point and a single

INSTALL STORM ORAIN

OBTAIN PERMITS

CLEAR 8 STRIP
10

PRELIMINARY
SURVEY

INSTALL SANITARY
SEWER

117.314X
Figure 6-17.—Three activities starting at a comniin event.
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SET wALL POINTS BLOCK WwALLS

BOILERROOM %sou:nnoou

\

EXCAVATE
FTGS 8 PADS

( ) BOILERROOM

POUR FTGS
8 PADS
BOILERROOM

UNDER FLOOR PLBG BOILERROOM

117.318X
Figure 6-18.—Diagram development. .

definite ending point. Placing an arrow in a asked about this new activity should be, ‘“What

diagram must satisfy two basic questions: must be finished before the block can be ordered

and delivered?’’ Actually, there is nothing in the

1. **What activities must be completed diagram that—if NOT accomnlished—would

before this one can start?’’ This indicates the hold up the ordering and deélivery of block. The

event from which to start the actiyity. starting point for this activity would then be
event (1).

2. ““What activities cannot be started if this The second question to be asked about the

one is NOT completed?’’ This indicates into new activity is, ‘*“What cannot proceed until this

which event the activity should enter. activity is completed?’’ The answer is, of course,

BLOCK WALLS, and the BOILERROOM. The
Suppose, for example, the following arrow termination point for this new activity then is
diagram (fig. 6-18) had been drawn. event (4), and fthe results of the analysis
As shown, excavating for the footings and described above would appear as illustrated in
pads for the boilerroom is the first activity, figure 6-19.
followed by placing the concrete footings and

pads. At event (3), and as a result of the comple- Principle Number 3

tion of the previous activities, several inde-

pendent work items then can commence. A (hird principle is that the arrow diagram
Suppose, however, that it is desired to add an Jdoes NOT describe time relationships, but rather

activity to indicate delivery of concrete block for describes dependency relationships. Generally,

the walls of the boilerroom. The first question the arrow diagram is NOT drawn on a time

ORDER 8 DEL'VER BOILERROOM BLOCK

SET WALL POINTS BLOCK WALLS
EXCAVATE POUR FTGS BOILERROOM =) __BOILERROOM
FTGS 8 PADS 8 PADS Y

BOILERROOM >~ BOILERROOM
o/

UNDER FLOOR PLBG BOILERROOM

e

117.316X
Figure 6-19.—Adding an activity.
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scale. That is, the length and direction of an
activity arrow has no relationship to the amount
of time required to accomplish the work
represented by it. Likewise, two activities start-
ing with the same event do NOT necessarily
occur at the same time. In figure 6-20, the only
thing known about activities A and D is that
they are independent. They may or may NOT go
on at the same time. The time that an activity
takes place is decided in the scheduling phase,
NOT by the arrow diagram. The arrow diagram
merely defines the dependency situations that
exist. In the illustration involving the concrete
block for the boilerroom walls, for example, the
activity ORDER & DELIVER BOILERROOM
BLOCK starts with event (1), as does
EXCAVATE FOOTINGS & PADS, etc. This
does NOT mean that both activities must be con-
ducted at the same time. They might but
probably will not. The only thing indicated is
that these two activities are independent.

Principie Number 4

It is important to realize that the arrow
diagram is seldom drawn by a single person.
Because the accomplishment of the schedule
produced from the arrow diagram is affected by
many pcrsons all whoe have anything to do with
the project must be consulted when the arrow
diagram is created. All crew leaders should be
asked to review the arrow diagram carefully to
make certain that the activities pertaining to
their work are accurately and realistically
described. Also this principle applies equally

117.317X
Figure 6.20.—Dependency relationship.

to the production of duration estimates for the
activities.

OTHER RULES AND
CONVENTIONS

Notice in the illustrations thus far, that the
events are all numbered. Numbering makes it
possible to uniquely identify an activity and its
position in the diagram. An activity is identified
by using the event number at its tail, called the
activity’s *‘I”’, and the event number at its head,
called the ac.."ity’s “J. In the boilerroom
illustration, POUR FOOTINGS & PADS-
BOILERROOM could be referred to or iden-
tified as activity (2)-(3).

So that an activity can be uniquely identified
by its “I”” and “J’’ numbers, a rule must be
established and observed in the creation of the
arrow diagram. The rule can be stated as
follows:

“NOT MORE THAN ONE ACTIV-
ITY MAY HAVE THE SAME *‘I'” AND
THE SAME “1.”

To help observe this rule, it is sometimes
necessary to use a ‘‘connector”’ type activity that
does not realiy represent work. This type of
activity, usually referred to as a DUMMY, is
drawn as a dotted line. [t indicates that NO work
is involved in that-activity.

Figure 6-21 illustrates this rule and the use of
the dotted-line (dummy) activity. The dotted-
line activity represents the dummy and involves
no duration and no cost. It serves only as a
dependency ccnnector or sequence indicator.

Dumymnies have purposes in addition to the
one mentioned above and will be discussed in
more detail later.

To produce a schedule by hand, you must
make sure of two things tha! concern the
numbering of events: (1) every number must be
used, and (2) the number at the tail of an arrow
must be less than the number at the head of that
arrow,

It is always wise to refrain from numbering
the diagram until it has been completed, re-
viewed, and approved.

Another rule governing the creation of the
arrow diagram is that a project will have only
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CLEAR LAND

SURVEY &
STAKEOUT

WRONG WAY

Q CLEAR LAND
\
\

\

SURVEY &
STAKEOUT

RIGHT WAY

117.318X
Figure 6-21.—Activity identification.

one starting event and only one ending event.
When nothing must be done prior to the start of
an activity, the arrow representing that activity
starts with the project’s starting event. When
nothing depends upon the accomplishment of an
activity, its arrow ends with the project’s ending
event. Because of this rule, you always know
where an activity belongs in the network.
Furthermore, restricting the arrow diagram to
one starting event and one ending event does
NOT limit the number of starting or ending
activities.

ARROVW DIAGRAM
CONSTRUCTION PROBLEMS

This section is devoted to the solution of
problems by network analysis with arrow dia-
graming. In problem solving, it is vital to draw
properly the arrow diagram upon which network
analysis is based. To do so, you must apply the
basic principles of diagram preparation that are
repeated here:

e Everything in the arrow diagram has
significant meaning.

& An activity has a single definite starting
point and a single definite ending point.

® The arrow diagram describes dependency
relationships rather than time relation-
ships.

Moreover, in applying the second principle
above, you must ask two questions and know
the answers to both What activities must be
completed before this one can start? What
activities cannot start until this one has been
completed. The answer to the first Question
actermines the event that starts the activity,
whereas the answer to the second indicates at
what event the activity ends.

PROBLEM 1

To illustrate the arrow diagram with an
actual problem, suppose that it was desired to
install a drainage ditch in the backyard of a
house. Assume for this problem that only one
person was going to work on this project. Draw
a diagram for this project including only the
following activities:

1. DIG DITCH

2. PLACE GRAVEL IN BOTTOM OF
DITCH

3. OBTAIN DRAINTILE

4. INSTALL DRAINTILE AND BACK-
FILL

Make the following assumptions about these
activities:

A. There is no need to order or deliver
gravel. There is a supply in the driveway.

B. OBTAIN DRAINTILE does not require
the effort of the one person doing this project. It
is a ‘“delivery’’ type activity.

The first activity possible in this project is
DIG DITCH—so an activity indicating this
would be drawn as illustrated in view A of figure
6-22.

After the ditch had been dug, the placing of
the gravel would be next and the diagram would
look like view B of figure 6-22.
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( )DIG OITCH ( )

A
PLACE
DIG OITCH 2 GRAVEL
IN DITCH
8
ACE INSTALL
0 DIG DITCH GRAVEL DRAINTILE °
IN DITCH 8 BACKFILL
OBTAIN
DRAINTILE
C
PLACE INSTALL
DIG DITCH f\cRAve- DRAINTILE
| »
\J IN DITCH 8 BACKFILL
OBTAIN DRAINTILF
D

_ 143.291
Figure 6-22.—Diagram development for problem 1,

Afier the gravel is in, the draintile could be
installed. However, in order for this to happen,
the draintile must have been obtained. This
means that the activity, OBTAIN DRAINTILE,
must end at the beginning  of INSTALL
DRAINTILE AND BACKFIL “f This will be at
event (3) and the diagram would look like view C
of figure 6-22.

The question remaining is where does
OBTAIN DRAINTILE start? One must further
ask what activities must be accomplished before
this one can start. It turns out that nothing need
be done in order to start this activity and it starts

‘with event (1). The completed solution is illus-
trated in view D of figure 6-22.

’
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PROBLEM 2

To create a slightly more complicated prob-
lem, consider the situation that would exist if the
work described in problem 1 had been per-
formed in the street in front of the house rather
than in the backyard.

If this were the case, it would be necessary to
add to the list of acuvmes given for i, the
following:

5. OBTAIN PERMIT TO BLOCK
STREET

6. BLOCK STREET
7. GBTAIN TRENCHER.

8. ORDER AND DELIVER PAVING
MATERIAL ‘

9. PAVE STREET

For this problem, the following assumptions
are made in addition to A and B already men-
tioned in probiem 1:

C. The permit is only necessary to block the
street. THere is no doubt that it will be obtained.

D. OBTAIN TRENCHER is a delivery type
activity just as OBTAIN DRAINTILE was in
problem 1.

The solution to this problem would start with
the first activity that can take place. In this prob-
lem, four independent activities can be shown as
starting the project. (See view A of fig. 6-23.)
Which one goes where is not at all important. In
the beginning, it may appear that all four
activities are expected to start or take place at
the same time. This is definitely NOT the case.
The person drawing the diagram must realize
and remember at all times that the arrow
dlagram does NOT describe time relationships
but rather only dependencies. This diagram, so
far states only that OBTAIN TRENCHER, OB-
TAIN PERMIT, OBTAIN DRAINTILE, and
ORDER AND DELIVER PAVING
MATERIAL #re independent—that is, they
can start at any time whether the activities have
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OBTAIN TRENCHER ﬁ OBTAIN TRENCHER
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PAVING MATERIAL
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OBTAIN DRAINTILE
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E

_®

117.323X

Flgure 6-23.—Diagram development for problem 2.
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started or NOT. '*When”’ these activities take
place will be determined in the scheduling phase.

The next item that can be placed into the
diagram is BLOCK STREET. The only thing
that must be done before this activity can start is
OBTAIN PERMIT. This new activity then starts
with event (2) as shown in view B of figure 6-23.

The assumption that obtaining the permit
was only a formality makes it possible to show
OBTAIN TRENCHER, OBTAIN DRAINTILE
and the PAVING MATERIAL ACTIVITY as
starting with event (1). If this assumption had
not been made, a prudent decision would have
been to start these activities at event (2) so as to
avoid spending money without being sure of the
result.

After the street had been blocked, DIG
DITCH could start. However, because the ditch
is to be dug through the pavement, the trencher
would have to be on hand. The arrow diagram
indicating this would appear as shown in view C
of figure 6-23.

From this point until the final activity, the
diagram would be constructed as it was for
problem 1, as shown in view D of figure 6-23.

The final activity would be the repair to the
damage caused by tearing up the strest. In order
to pave, however, the paving materials would
have to be on hand. This situation is described
by making the event that starts PAVE STREET
(6) and making the same event the end point for
ORDER AND DELIVER PAVING MATE-
RIAL. The final solution to this problem is
illustrated in view E of figure 6-23.

An important point to rememoer about
arrow diagrams is that the assumptions made
about the activities are as important as the
activities themselves. They should always be
written down, so as to be remembered.

PROBLEM 3

Create an arrow diagram fo: a reinforced
woncrete equipment foundationn project to be
built partially below ground level. Assume that
all necessary tools, equipment, and materials (in-
<duding concrete are on the jobsite, and that

there is no limit to the number of workers. A
backhoe is used to excavate. Usz only the
following activities:

I. LAY OUT AND EXCAVATE

2. FINE GRADE

3. PREFABRICATE FORMS

4. PREFABRICATE REBAR

5. SET FORMS

6. SET REBAR AND ANCHOR BOLTS

7. ADVISE AVAILABILITY OF BACK-
HOE

8. POUR CONCRETE

For this problem, assume that FINE
GRADE must be done before the forms are set.

One would start the arrow diagram with
three independent activities, as indicated in view
A of figure 6-24. Remember that the diagram
does NOT indicate that these three items go on
at the same time. It only shows that they are
NOT dependent on the completion of any other
activities.

After the layout and excavation had been
completed, iwo activities could be started. FINE
GRADE would depend upon the completion of
this activity, and of course, the backhoe could
NOT be returned until the completion of this
phase of work. At this point, the diagram would
appear as indicated in view B of figure 6-24.

Again, the diagram js NOT stating that
FINE GRADE and that ADVISE
AVAILABILITY OF BACKHOE occur
simultaneously, but rather that they both
depend upon—cannot start until—the comple-
tion of LAYOUT AND EXCAVATE.

After FINE GRADE had been completed,
and when PREFAB FORMS was finished, SET
FORMS could start. At its conclusion, and after
PREFAB REBAR had been completed, it would
be possible to SET REBAR and ANCHOR
BOLTS and then finally POUR. The final arrow
diagram would look likc view C of figure 6 24.
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DUMMIES

PREFAS REBAR

Occasionally, it is necessary to use a ‘‘con-
nector”’ type activity to indicate a dependency
relationship without causing confusion. This
type of activity, which does NOT represent work
and which has a duration of zero, is called a
DUMMY activity and is shown on the arrow
diagram as a dotted line.

PREFAB FORMS

LAY QUT 8 Th are two f - d .
EACAVATE €re VO reasons Ior using dummies.

A : These two reasons can be illustrated by altering
problem 3 above. Suppose that instead of having
. a single activity called SET REBAR AND
PREFAB REBAR ANCHOR BOLTS, it was desired to make two
activities: one called SET REBAR and the other
called SET ANCHOR BOLTS. Suppose that
both depended upon PREFAB REBAR, and
SET FORMS, and that both had to be com-
PREFAB FORMS pleted before the POUR. The affected part of
the diagram would appear as illustrated in view
A of figure 6-25.

From a dependency point of view, there
is nothing wrong with this kind -of de-
scription. Ilowever, confusion rcsults from
having more than one activity with the same
I - J numbers. It is NOT clear which is activity

ADVISE AVAILABILITY (4) — (5). Earlier in this chapter, a rule was
OF BACKHOE

- PREFAB REBAR
PREFAB REBAR

PREFAB REBAR

SET FORMS > ™\ SET REBAR - POUR
(4 f;)\ {7)

SET ANCHOR

ADVISE AVAILABILITY OF BACKHOE B
C
117.325X
117.34X Figure 6-25.—Using a dummy to maintaip the uniqueness
Figure 6-24.—Diagram development for problem 3. of the I~ J identiflcation system.

-

6-37 13,‘



STEELWORKER | & C

establishqd to solve this problem. It was stated
that not more than one activity may have the
same “I’’ and the same ‘‘J.”” So as NOT to
break this rule, one of the two ‘‘nonunique”’
activities must be changed into two, one of
which is a dummy. The affected part of the
diagram would now appear as illustrated in view
B of figure 6-25.

If view B of figure 6-25 is examined closely,
the following points become clear:

1. Event (6) occurs when SET REBAR and
SET ANCHOR BOLTS have been completed.

2. Since the DUMMY from (4) to (5) activity
has zero duration, it is completed at the same
point in time that event (4) occurs.

3. For this reason, event (5) occurs when
SET FORMS is finished and PREFAB REBARS
is finished, and SET ANCHOR BOLTS can
start at this time.

4. Thisiis exactly the same dependency state-
ment that was made in the incorrect solution
illustrated in view A of figure 6-25, in Wthh two
activities from (4) — (5) appeared.

The first reason for using a dummy then is to
maintain the uniqueness of the I — J identifica-
tion system.

The second reason for using a durnmy is
somewhat more complex. A connector type
activity is sometimes needed to describe
dependencies in such a way that nondependent
activities are NOT shown as dependent. This can
be illustrated also with the diagram from
problem 3.

If the problem were changed by eliminating
the assumption that FINE @GRADE had to
precede the setting of the forms, one would be
tempted to produce an arrow diagram that
looked like view A of figure 6-26.

This approach, however, is incorrect because
it is NOT possible to set forms unless at least the
excavating has been completed. Another
solution—which is also incorrect—might be to
combine event number (2) and event (3). Event
(3) would then appear as in view B of figure
6-26.

P 4
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PREFAB REBAR

PREFAB

SET REBAR,ETC

LAY QUT 8 /2\ FINE
EXCAVATE GRADE
ADYISE AVAILABILITY OF BACKHOE
PREFAR /3\ LT FORMS
FORMS R
PR g mepne
EXCAVATE .
ADV'SE AVALLAB'L TY OF BACKHOE
B
PREFAB /3'\ e FOaMS
FORMS '\§/
i .
LAY OUT B /AN FINE GRADE
EXCAVATE
ADVISE AVAILASILITY OF BACKHOE
C

117.326X ¢

Figure 6-26.—Using a dummy to establish a dependency or
sequence without confusing nondependent activities.
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The error in this arrow diagram exists
because FINE GRADE and ADVISE
AVAILABILITY OF BACKHOE do NOT
depend upon the completion of PREFAB

FORMS as indicated, but rather only on LAY

OUT AND EXCAVATE.

The correct solution is one in which set forms

is indicated as depending upon both PREFAB
FORMS as well as on LAY OUT AND
EXCAVATE, and in which FINE GRADE and
ADVISE AVAILABILITY OF BACKHOE
depend only on LAY OUT AND EXCAVATE.
The proper way to show this situation is by using
the first solution with a DUMMY from (2) to
(3), as illustrated in view of C of.figure 6-26.

Because the DUMMY from (2) to (3) has a
zero duration, it is finished when event (2)
occurs. It merely transfers, then the dependency
relationship—the sequence—desired to event

3).

The second reason for using a DUMMY is to
establish a dependency or sequence without con-
fusing nondependent activities.

DUMMY PROBLEM

Go back to the very first problem in this sec-
tion. There it was assumed that only one person
would work on the job. If the job is broken into
segments to show how several crews would get
the job done, the activity list .could be almost
doubled. Assume for this problem that each of
those original activities will now be done in two
phases. That is, approximateiy half the ditch will
be dug before the ‘‘gravel crew’ will start
placing gravel, and the gravel will be in half the
ditch before the crew installing the draintile can
start work. The activity list would then consist
of the following items:

1. OBTAIN DRAINTILE
2. DIG DITCH FIRST HALF
3. DIG DITCH SECOND HALF

4. PLACE GRAVEL FIRST HALF

5. PLACE GRAVEL SECOND HALF
6. INSTALL DRAINTILE FIRST HALF

7. INSTALL DRAINTILE SECOND
HALF

It must be assumed for this problem that the
first half of each job will be finished before the
second half starts. Assumed also is that
OBTAIN DRAINTILE is a delivery type of
activity and that the ditch will bé backfilled as
part of the INSTALL DRAINTILE operation.

'The initial activities would be drawn in as
illustrated in view A of figure 6-27.

This arrangement of activities indicates that
when DIG DITCH FIRST HALF is complete,
two activities can start—DIG DITCH SECOND
HALF and GRAVEL FIRST HALF.
Independently, OBTAIN DRAINTILE can oc-

cur any time after the start of the project.

When the gravel is in the first half of the
ditch, if the draintile is on hand, the draintile
can be insialled. The diagram would grow to
look like view B of figure 6-27.

When the second half of the ditch had been
dug, the gravel could be placed. However, the
assumption was made that the first half of any
job would have to be completed before starting
the second half. This causes a problem insofar as
the present version of the diagram is concerned.
It is desired to show that GRAVEL SECOND
HALF depends upon DIG DITCH SECOND
HALF and GRAVEL FIRST HALF. Tying this
new activity to the ditch digging operation is no
problem but difficulties arise when GRAVEL
FIRST HALF is considered. The problem is
caused by the fact that GRAVEL FIRST HALF
has been tied into event (3). If the end of
GRAVEL FIRST HALF is connected to the
beginning of GRAVEL SECOND HALF, and a
dummy is about the only way this could be done,
a serious sequence error is committed.

The diagram, as it appears in view C of
figure 6-27, indicates that GRAVEL SECOND
HALF cannot start until OBTAIN DRAINTILE
has been completed. That is, the diagram states
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DIG DITCH DIG DITCH

SECOND HALF

GRAVEL
FIRST HALF

| 0BTAIN DRAINTILE
A .

DIG DITCH
SECONO HALF

GRAVEL
FIRST HALF

OBTAIN DRAINTILE LAY TILE

B ’\::’/rmsr HALF

FIRST HALF

OBTAIN QRAINTILE

(8}
p

INSTALL

08TAIN oamnmiﬁ'\ DRAINTILE

'\?j FIRST RALF

INSTALL

143.292
Figure 6-27.—Disgram development for expanded

drainage ditch problem.

\

that it is impossible to place gravel unless drain-
tile is on hand. No such assumption was made,
so this is incorrect.

The problem is solved by rearranging the
diagram as originally created and splitting
GRAVEL FIRST HALF into two paths.
Dummy activities, are required to do this. The

final solution to this expanded drainage ditcn

problem appears in view D of figure 6-27.
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NETWORK ANALYSIS SCHEDULING

After a project has been planned on an arrow
diagram, the next phase is to schedule the
project—that is, place it on a working timetable.
This makes it possible to determine when each of
the various activities must be performed, when
deliveries must take place, how much, if any
spare time there is for each activity, and when
completion of the project may be expected. It
will also be possible to determine which activities
are critical and to what extent a delay in one
activity will affect succeeding activities. The
steps taken in this phase determine whether or
NOT network analysis will be used successfully.

DURATION ESTIMATES

Developing a schedule for a praject involves
estimating the time it will take to complete each
activity, called the duration time. Duration time
estimates are also used to identify activities that
controi the time needed to finish the project.
These are the critical activities that collectively
make up the “‘critical path,’’ which is the longest
path—in terms of time—through the network.
Since duration times of critical activities are
added to determine the duration of the project,
delaying a criticai activity will increase the total
duration time. Conversely, speeding up a critical
activity will decrease the total duration time.

Duration estimates can be made in several
ways, but always on an individual activity basis.
The simplest way is to determine the ‘‘normal”’
amount of time needed to finish the activity, and

assuming that the usual number of
crewmembers or pieces of equipment are
available.

In the arrow diagram of figure 6-28, duration
times have been assigned to each of the activ-
ities. This diagram contains three paths, one of
which consists of activities A, B, and C. It in-
dicates that A, a I[2-day activity, must be
finished before 4-day activity B can begin, and
that B must be finished before 8-day activity C
can start. The time required to complete these
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117.332X
Figure 6-28.—Determining the critical path.

activities equals the total of their duration times
(12 + 4 + 8) or 24 days.

A second path through this network is
made up of activities E, F, and G. This
path requires a total of 31 days to finish,
(1 +15 + 14).

A thirg path in the network is also possible.
It is made up of activities D and H. The duration
of this path is 10 =- 8, or 18 days.

The longest path in time through the network
illustrated is thus E, F, and G. This then is the
critical path and is indicated by small double
slants on the arrows. If it is desired or required
that the amount of time needed to complete the
project be shortened, these are the activities
upon which to concentrate. Noncritical activities
are strictly dependent upon the completion of
the critical items, so speeding up noncritical
activities is of NO value at all, in terms of pro-
ject duration. ]

It turns out generally that a very small
number of activities make up the critical
path—usually less than 30 percent of the total
activities. This means that a large percentage of
the activities in a project have extra time
available—since they are, in a sense, waiting for

« the critical items to be completed. A project
manager can adjust noncritical activities to take
best advantage of weather condifions, man-
power and equipment availabilities, and

other items, without delaying the pro-
ject.

An important point to remember in network
analysis is that there is NOT necessarily only one
critical path. There may be several. Also,
remember that if a critical path is shortened, a
new ‘‘parallel’’ path will most likely become crit-
ical. In the simplified example illustrated in

figure 6-29, the critical path goes through the--

top activities. If these are shortened by only one
day, however, the bottom path becomes a
parallel critical path. Any further reducing of
the améunt of time required to get the project
finished would have to be done on both critical
paths.

In studying an arrow diagram, project
managers and others want to pick out important
or significant conditions or events quickly. To
enable them to do this, you may be asked to
identify the key events as ‘‘milestones.” A
MILESTONE may be indicated by the use of a
slightly different symbol, or may be shown as a
regular event with a special notation on the
diagram as to its significance, such as ‘‘interior
wiring completed’’ or ‘‘roof completed.”

EARLIEST EVENT TIMES

The earliest time at which an event can occur
is the sum of the durations of the activities on
the LONGEST PATH leading up to the event.
This time is entered in a box next to the event on
the arrow diagram, as shown in figure 6-30.

10

117.333X
Figure 6-29.—Simplified example.
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LEGEND
(O EARLIEST EVENT TIMES

QO EVENT ) @

Figure 6-30.—Earliest event times on arrow diagram.

The times shown are project times—that =

is, successive WORKING DAYS, NOT suc-
cessive calendar days, reckoned from O at
the tail of the first arrow. The duration of
the first activity in figure 6-30, is 2 days;

- therefore, event (2) occurs at project time-

2. The time for event (3) is the sum of the
duration times of activities (1) - (2) and (2) - (3)
or 24. However, there are two paths leading
to event (4): onc from event (1) through
(2) and (3) for a total of 24. Following
the rule of selecting the longest path, the
earliest event iime for event (4) is 24.

LEGEND

(0 EARLIEST EVENT TIMES
£\ LATEST EVENT TIMES
O EVENT

r

Similarly, three paths lead to event (6), and
the longest from event (1) through (2) and
(3) is selected, giving an earliest event time
for event (6) of 37.

LATEST EVENT TIMES

To calculate la:est event times, you
start with the last event on the arrow
diagram and work from right to left. First,
determine the latest time at which the last

82.107

Figure 6-31.—Latest event times on arrow diagram,
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event can occur. This is the same as the
earliest time for that event, which you
already found. For example, the latest time
for event (8), the last event 1n figure 6-31,

is 42 since the carliest time for this
event is 42. (See fig. 6-30.) Next, hind
the latest times at which other events on
the diagram can occur. Do so for each

of these events by subtracting the duraticn
of an aciivity from the latest iime at which
the immediately following event can occur.

For example, the latest time for event
(7) in figure 6-31 is found by subtract-
ing the duration of activity (7) - (8), which
is 2, from the latest time of event (8),
which is 42, to get 40. Likewise, the
latest time for event (6) is 40~ 3 or
37.

To continue, the latest time for cvent (5)
equals the latest time for event (6) minus the
duration of activity (5) - (6). The result is
37 - 1 or 36. You find the latest time for event
(4) in the same way, except that the Jduration of
activity (4) — (6) is subtracted from the latest
time of event (6). In this case, 37 = 2 or 35 is the,
latest :ime of event (4). And so on for events (2)

and (1). et
Note that for an activity n the crit-
ical path the earliest event time and the

latest event time are the same; it is only for
activities NOT on the criucal path that these
event times differ. 1t follows thal identical
earliest and latest cvent times are another
means of idenutying activities on the critical
path.

EARLIEST AND LATEST JOB
START AND FINISH TIMES

Figure 6-32 shows a fully developed arrow
diagram for the project of building an
arch-type magaszine with all activities
included, with earhest and latest event
times inscribed. With earliest and latest
event times established, earliest and latest starts
and finishes for activities .can be deter-
mined.

In figure 6-32, for exam,.le, what are the
latest and the earliest days on which
waterproofing of the topside of the arch can be
started? What are the earliest and latest days on
which the installation of the ventilator can be
started?

Before cither of t..se jobs can begin,
the stripping of the arch forms, which
is activity (9) - (10), must be completed.
This activity is on the critical path, and
it will be completed at project time 24.
The waterproofing of the arch and the instal-
lation of the ventilator must be completed by
project time 37, if the project is NOT to be
delaved.

The waterproofing is a 2-day job. It can
begin as early as day 2% (day of completion of
stripping of arch forms plus 1), or as late as day
36 (final deadline for completion minus 2 plus
1). It can be completed as early as day 26 or as
late as day 37. Similarly, the installation of the
ventilator can begin as carly as day 25 or as late
as day 37, and can end as early as day 25 or as

* late as day 37.

_right
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The rutes for calculating start and fin-
wh days for an activity, then are as fol-
lows: :

Earliest start day: earlicst event time at the
tail of the arrow plus 1.

Earliest finish day: earliest start time plus job
duration.

Latest start day: latest event time at
the head of the arrow minus job duration plus
1.

Latest finish day: iatest event time at the
head of the arrow.

To calculate earliest finish days, you
work from left to right of the diagram,
adding job durations to earliest event times.
To calculate latest start times, you work from
to left, subtracting job duration
from preceding latest event time.
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[:(D REINFORCE
EXCAVATE POUR & CURE POUR & CURE FORM & REINF. POUR & CURE STRIP ARCH
FOUNDATIONS MAG. FOOTINGS FLOOR SLAB ARCH ARCH FORMS
3
REINFORCE, POUR, & CURE FORM & REINF. PCUR 8 CURE STRIP RETAIN.
RETAIN.WALL FOOTINGS /4\ RETAIN. WALL _/6\ RETAIN. WALL w WALL FORM
3 . A 3 o/ 5 N4 0

5]
A

Results are entered in a schedule as shown in
figure 6-33. This schedule assumes that all jobs
will be started as early as possible.

CONCEPT OF SLACK

The spare time available to perform a task,
such as the installation of a ventilator, is called
slack. Properly controlled, the manipulation of
slack is valuable in determining the most effi-
cient use of the work force, equipment, and
material. The existence of slack allows latitude
in the time of the jobs with which it is
associated. On the other hand, a job having
NO slack is inflexible; it must start and end
precisely at specific times or the completion of
the project will be affected.

6-44
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Rule for Calculating Slack

In figure 6-32, the task of installing the ven-
tilator has 12 days of slack, because it is a
1-day job and there are 13 days available in
which it may be performed. Similarly, the water-
preofing task in the same figure has I1 days of
slack. To calculate slack, subtract both the dura-
tion and the earliest event time at the tail of the
arrow from the latest event time at the head of
the arrow. For activity (6) — (8), for example,
the stack come to 33 — 8 - 5, or 20.

Each of the noncritical activities along the
path from event (2) to event (lI) has
20 days of slack when considered independently.
However, there are only 20 days of slack
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82.108.1

Figure 6-32.—Diagram for high-explosive magazine.

available for the whole chain, calculated as
follows:

34-2-(3+5+1)=34-2-12=20.

The reason that when slack calculated in-
dependently for each separate activity, it is
assumed that all the preceding activities were
started as early as possible. However, as soon as
any slack is used, the slack available to subse-
quent activities is correspondingly reduced.

Suppose, for example, that activity (4) — (6)
was delayed for 3 days. The succeeding activity
(6) - (8) would have 3 days added to its earliest

e, cvent time and subtracted from its slack. The
slack for activity (6)- (8) would then be
33-11-5,0r17.

Use of Siack in AHocation N
of Manpower and Equipment

In the construction of the high-explosives
magazine diagramed in figure 6-32, there are
three jobs of form stripping to be done. Tue
stripping of the arch is critical, and must be per-
formed between project times 21 and 24.
Similarly, the stripping of the front and rear wall
forms must be done between day 32 and day 34.
However, the stripping of the retaining wall
forms is a 1-day job which may be done at any
time between project time 13 and project time
34. OLviously, the crew should be scheduled to
strip the retaining wall at a time when they are
not busy with the arch or front and rear wall
forms. Similarly, the pouring and curing should
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PROJECT DAY
JoB START FINISH REMARKS
EARLIEST | LATEST EARLIEST | LATEST
(1, 2 1 1 2 2 critical
(2 3 3 3 5 5 critical
(2, 9 3 23 by 25
(3, 5 é é 9 9 ceitical
(4, 6 6 26 8 28
(5, D 10 10 15 15 critical
(6 8 9 % 13 33
(7, 9 16 16 21 2 critical
(8 M) 14 U 7 Hu
(9,10 n 22 24 k] critical
10, 13) 25 25 27 27 critical
{10, t7) 25 37 25 37
M, 18) 15 39 16 40
(12,19 25 36 26 37
13, 14) 28 28 32 32 critical
(14, 15) K< k¢! 34 K7 entical
(15, 16) K\ 35 37 37 eritical
(16, 18) 38 40 38 40
(17, 18) 38 38 4 40 critical
(18, 19) 4 Qa o £ critical
A}
4
-

Figure 6-33.—Project schedule for arrow diagram shown in figure 6-32.

be scheduled so as to take advantage of the slack
in activity (6) — (8). By starting activity (6) — (8)
1 day after its earliest start time, it can be per-
formed concurrently with activity (5) - (7).
Thus, by using up a day of slack, more efficient
use is made of the crew and equipment.

Adjustment of Slack

Earliest and latest event times shown in the
arrow diagram (fig. 6-32) were changed to reflect
the days dropped out as a resuit of weekend cur-
ing. A check was then made to insure that the
critical path was still the same, since shortening
the original critical path might cause another
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to take its place. Next, the slack was
recalculated, and the new slack values were
entered in the timetable (fig. 6-34). Notice that
on the timetable, activity (11) — (18) and activity
{17) - (18), both of which consist of placing and
compacting fill (see fig. 6-32), are scheduled
about a month apart. Since activity (11) = (18)
shows 20 days of slack, however, and since the
same equipment will be used for both activities,
activity (11) — (18) should- be scheduled to end
the day before the critical activity (17) - (18)
begins.

PREPARING A TIMETABLE

After the arrow diagram has been completed
and the slack has been calculated, a timetable

-
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JOB PROJECT DAYS CALENDAR DAYS N SLACK
START DURATION START FINISH

(1,2 1 2 March 1, Thurs. | March 2, Fri. 0
(2,3 3 3 March §, Mon. March 7, Wed. 0
(2,4 3 3 March §, Mon. March 7, Wed. 16
(3,9%) 6 4 March 8, Thurs. | March 11, Sun. 0
(4,06 6 3 March 8, Thurs. | March 12, Mon. 162
(57 10 6 March 12, Mon. | March 19, Mon. 0
(6,8 9 5 March 13, Tues. | March 17, Sat. 16*
(7,9 16 6 March 20, Tues. | March 25, Sun. 0
(8,11 14 1 March 19, Mon. | March 19, Mon. 16?
(9, 10) 22 3 March 26, Mon. | March 28, Wed. 0
(10, 12) —_ 0 — - 0
(10, 13) 25 3 March 29, Thurs. | April 2, Mon. 0
(10, 17) 25 1 March 29, Thurs. | March 29, Thurs. 112
(11, 15) - —_ _ 0
(11, 18) 15 2 March 20, Tues. | March 21, Wed. 202
(12, 17) 25 2 March 29, Thurs. | March 30, Fri. 10°
(13, 14)! 28 5 April 3, Tues. April 7, Sat.
(14, 15) 33 2 April 9, Mon. April 10, Tues.
(15, 16) 35 3 April 11, Wed. April 13, Fri. 0
(16, 18) 38 1 April 16, Mon. April 16, Mon. 2
(17, 18) 38 3 April 16, Mon. April 18, Wed. 0
(18, 19) 4] 2 April 19, Thurs. | April 20, Fri. 0

'Cunng scheduled for wethend.

?Adjusted o reflect weekend curing.

Figure 6-34.—Timetable from arrow disgram shown in figure 6-32.
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like the one shown in figure 6-34 can be
prepared. This is a timetable derived from the
arrow diagram shown in figure 6-32. Obviously,
project day 1 falls on 1 March, a Thursday. No
work is done on Saturdays or Sundays;
therefore, though project days 1 and 2 fall on
Thursday and Friday, 1 and 2 March, project
day 3 falls on Monday, 5 March. As you can see,
however, Saturdays and Sundays are included in
the calendar when they can be utilized as curing
time for concreie jobs. When this is done, such a
Saturday or Sunday becomes a project day, and
if the day relates to a job on the critical path, the
effect is to gain tim. by cutting a day from the
schedule. In figure 6-34, 5 days were cut from
the critical path by scheduling concrete work so
that curing could occur on weekends.

For example, activity (3) — (5) consisted of
placing and curing the magazine footings. It was
started on Thursday, so that curing could be
scheduled for Saturday and Sunday. Since this
job was on the critical path, the use of Saturday
and Sunday for curing cut 2 days from the
schedule.

MONITORING AND CONTROL

The arrow diagram produced at the begin-
ning of a project should NEVER be considered
as fixed for the duration of the project. If the
full benefit of the critical-path method is to be
realized, the diagram must be updated regularly
in accordance with circumstances, generally
weekly or every other weeck, but even oftener
than weekly for high-priority complex pro-
jects -

A feedback system must be established to
provide the operations officer .with changed
information about current job progress. As a
project proceeds, it may be discovered that
the original estimates of the times required
to complete activities were NOT accurate or that
deliveries cannot be made oun time, or that
anticipated work force will NOT be available.
Correction of the arrow diagram to reflect the
true picture will induce change, such as changes
in completion date, critical path, intermediate
target dates, slack for noncritical activities, and
critical manpower or equipment schedules.
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Occasionally, there may be design changes
which may lead to the addition of new activities,
the cancellation of previously planned activities,
or the necessity for making a more detailed
breakdown work elements on the arrow
diagram. Suchl changes may result in a shift of
the critical pgth, or in new target dates; or they
may make if \necessary for certain parts of the
project to be expedited in order to keep on
schedule.

Crew leaders should report regularly on cur-
rent work in progress. A WORK PROGRESS
REPORT should include:

The completion date of each activity

The beginning date of each activity
Significant delays in current-activities
Estimated number of man-days required to
complete current activities

Thi> information ecnables the operations
officer to spot trouble arecas immediately and
to take corrective action. A suggested work
progress report is shown in figure 6-35.

RESOURCES ALLOCATION

Until now, it has been assumed that whatever
personnel, materials, and equipment were re-
quired would be available to perform an activity
in the allotted time. In practice, this is seldom
the case, and it is often necessary to plan for the
best allocation of a resource which is in short
supply. An example of such a resource is the
work force.

One person is often NOT qualified to do
another’s job—or, at least, a person NOT
qualified to do another’s job will do it less effi-
ciently than the fully qualified person.
Therefore, the work force must be considered in
terms of the qualifications or ratings of available
personnel. As an example, take the erection of a
temporary steel and timber warchouse. The ar-
row diagram for this job is shown in figure 6-36.
For the sake of simplicity, it is assumed that only
Builders, . Equipment Operators, and
Steelworkers will be used on the job.

1.,
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¥

PROJECT STATUS REPORT

ACTHV, TIME | TIME
. DURA-} SCH. | ACT. | SCH. REQ.
ITY BRIEF DESCRIPTION TIoN | STAR. | STAR. | COMP.| 70 T0 REMARKS
nn DATE | comp.
2
N

a'ﬁ

REPORT DATE
SHEET OF

———

82.111

Figure 6-35.—Suggested work progress report form.

There. must be some sort of schedule as a
pomnt of departure. Referring to the arrow
diagram, you hst all of the activities in the order
in which they can begin, as shown in figure 6-37.
When several activities can begin on the same
day, list them secondarily in order of the amount
of slack they contain. If two or more activities
have the same amount of slack and start on the
same day, it does not matter which is placed
first. The easiest way to arrange the activities in
order for copying on the schedule is to list each
activity on a 3 by 5 card and sort the cards into
proper order.

Next you transfer the values shown in this
preliminary schedule to a bar chart like the one
shown in figure 6-38. The broken lines indicate
slack. The bar graph is a schedule for the pro-
ject, but based on the assumption that available
work force is unlimited.

At this point, or previously, you enter on the
arrow diagram the work force requirements
shown already entered in figure 6-39. These are,
of course, based on estimates of how many per-
sons of each rating it will take to do each of the
activities shown in the diagram. By referring
to these figures and to the bar chart (fig. 6-38)

6—435 .
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you can now make a work force schedule, as
shown in figure 6-39.

Examination of the work force totals in
figure 6-39 shows undesirable peaks in the
Builder requirements—14 called for on dav 5, 19
on day 6, 8 on day 7, and so on. To correct this
situation, you would decide what the maximum
available number of Builders would be for a day,
and rework the chart on the basis of this limita-
tion. The general procedure is as follows:

1. List all activities in the same order as
before (fig. 6-36).

6-50

152

3

LY

2. Enter the critical activi‘ies in the same
places as before; these cannot be displaced.

3. Use slack time on noneritical activities
to shift activities using Buiklers to days on
which, on the previous chart, Builders were
NOT shown employed. For example, activity
(2) - (15) in figure 6-39 could be shifted to days
13 through 16, since the chart shows only two
Builders working on day 13 and none on days
14, 15, and 16.

4. After every adjustment of this kind, refer
back to the arrow diagram and the schedule,
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ERECT INTERIOR WALL PARTITICNS s
2
28U
_________________________________ -
\
\
\
\
\
\
\
\
\
\

FAB 8 ERECT PLACE ROD LAY TaR ERECT
CROSS FRAMES ERECT STEEL BRIOGING & NAIL PLANKS PAPER GORRUGATED
AT TR PAN PTS PURINS™ -~ WELD TO PURLINS _ =\ TO PURLINS _/~~ ON PLANKS ROOFING

y - H

[ ./ 2 [ 2
LT - Y- S 1 B
PN 2N

ERECT DOORS & LESEND
7 1o [ EARLIEST EVENT TIMES
INSULATE JOIKTS 28U ISW » PAINT EXT #ALLS /\ LATEST EVENT TINES
T 2 O EVENT
28V 28V
. 82.112
Eigure 6-36.—Arrow diagram—(emporary steel and timber warehouse,
to see whether 1n rescheduling activities you have subsequent activities. On even a small project,
moved back the times at which subsequent the possibility for improving efficiency through
activities can start. adjustments in scheduling or through job split-
ting nearly always exists,—or, at any rate, exists
In practice, 1t is often possible to split work until the most~gfficient schedule is found.
elements—to do part of the work on the fabrica- Because of the interrelationship between work
tion of doors (for example) on one day, then elements and the affect they have on each other,
drop this and pick it up at a later day when much experimentation 4nd readjustment may
Builders are available. ) be required to attain the most efficient and
, economical schedule.
Remember that when you make this or any
other type of adjustment, you must immediately The scheddle that stays completely accurate
check the arrow diagram for the effect on through the entire life of a project, as originally
6-51 b
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EARLIEST LATEST EVENT
EVENT AT TAIL | ACTIVITY DURATION AT HEAD SLACK
OF ARROW a9 . OF ARROW

0 (o, 1) 1 1 (]

[\ 1 (1, 2 3 4 0
4 (2, 3) 1 5 0

4 (2,15 4 16 .8

4 (2,17} 2 18 12

4 {213 2 22 16

4 (2,22 2 24 18

5 (3, 4) 1 6 0

5 (3, 7 ] 8 2

6 (4, 5) 1 7 0

6 {7, 8 2 10 2

7 {5 6 4 n 0

7 (1,12 2 22 13

8 (8 9 1 1 2

9 (12, 13) 0 22 13

9 (12, 14) ] 23 13

9 (13, 14) 1 23 13

10 \, (14, 23) 2 25 13

n (6, 9 0 n 0

| n {9,10) 1 12 0
ii { &, 19) i 16 4

12 (10, 17) 3 18 0

12 (15, 18) 1 17 4

13 (16, 17) 1 18 4

18 (17, 18) 1 19 0

19 (18, 19) ] 20 0

20 (19, 20) 2 22 0

22 (20, 21) 1 23 0

3 21,23 2 25 0

23 (21,22 0 24 . 1

23 (R, ) 1 25 }

2 (23, 24) 2 27 0

82.113

Figure 6-37.—List of activities in figure 6-36 in order of earlicst events (1ail of arrows).

developed, is extremely. rare. Periodic re-
vision and rew.s a necessary and
a valuable pdft of network analysis. It

15 up to the network analysis user to analyze the
schedule to make certain that is is meaningful
and accurate and to enforce the accomplishment
of it.

6-52

Since many services, trades, and sup-
plies are required during the course of con-
struction, the leading petty officers responsible
for the_ various activities should be consulted.
Network analysis requires a team cffost on the
part of all participants to make :t work
effectively.
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Figure 6-38.—Bar chart—preliminary schedule of aclivities listed in figure 6-37,

PRECEDENCE DIAGRAMING

Although precedence diagraming is becom-
ing the preferred methed, arrow diagraming is
the method most often used in the NCF

/

H

uommunlly Precedence diagraming does NOT
require the use of dummy activities, is easier to
draw, and has greater applications and advan-
tages when networks are put on the computer In
precedence diagraming, the activity is in the

a
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node, as illustrated in figure 6-40, NOT on the
arrow, as Is the case with arrow diagraming.
REPRESENTATION OF ‘
ACTIVITIES AND EVENTS

An activity in a precedence diagram is
represented by a rectangular box and is iden-
tified by an activity number, and NOT the start
and finish nodes as in an arrow diagram.

RIC

Aruitoxt provided by Eic:

.

This eliminates the need for additional activities,
called dummies, for the purpose of achieving
positive identification, as shown in views A and
B, figure 6-41.

The left side of the activity box represents the
start of the activity, and the right side represents
the completion. Lines linking the boxes are

called “‘connectors’ and the general direction ofv

the flow is evident in the connectors themselves,
and arrows are NOT necessary.
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« Figure 6-39.—Manpower schedule—temporary timber and stee! warehouse (considering three ratings).

.

excAvate  FoRm | > The network might also contain certain
FOCTINGS _ FOOTINGS precise, definable points in time, called
N EXCAVATE [ O “events.’”” Examples of events are the start and
ARROW DIAGRAMING finish of the project as a whole which should
always be entered in the network diagram.
Events have NO duration and are represented by
oval boxes on a network. A precedence network
Figure 6-40.-—Representation of arrow and precedence is illustrated in view C of figure 6-41.
diagrams, The rule governing the drawing of a network
is that the start of an activity must be linked to

.

PRECEOENCE DIAGRAYING
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145.370
Figure 6-41.—Representation of activities and events.

the ends of all completed activities before the
start may take place. Activities taking place at
the same time are NOT linked in any way. In
view C, figure 6-41, both activities 2 and 3 start
as soon as activity 1 is completed. Activity 4
requires the completion of both activities 2 and 3
before it (4) can start.

REPRESENTING A DELAY

e \

fn certain cases, there might be a delay
between the start of one activity and the start.of
another. In this case, the delay might be
ndicated on the connector itself, preceded by
the letter ““d,”’ as shown in figure 6-42. Here,
activity 2 may start as soon as activity 1 is com-
pleted, but activity 3 must wait 2 days. The delay

6-56

Figure 6-42.—Representation of delay.

is started in the basic time units of the project in
which case the word ‘‘days’ can be omitted.

o
REPRESENTING
PARALLEL ACTIVITIES

Some activities might parallel others, as
illustrated with arrow networks in view A, figure
6-43. This can be achieved 'in precedence
diagrams without increasing the number of
activities. For instance, it is possible to start lay-
ing a long pipeline before the excavations are
completed. This type of overlap is known as a
“lead.”” It is possible to start a job inde-
pendently, but NOT to complete it before
another is compnleted. This type of overlap is a
“lag.”” (It is also a common occurrence that
both start and finish of two activities may be
linked, but this case is accommodated by a com-
bination of lead and lag.) The letter *p”’ on the
connector indicates a lead of the start of the
preceding activity, and an “f*’ on the connector
indicates a lag on the finish of the following acti-
vity.

As seen in views B and C of figure 6-43, a
lead, or “‘partial start’’ is indicated by drawing
the connector from the start of the preceding
activity, and a lag or “‘partial finish’’ is indicated
by drawing the connector from the end of the
following activity. The value may be given in the
basic time units of the project, as with a delay,
or as a percentage overlap, as shown in views B
and C, figure 6-43. In certain circumstances, it
could also be started as a quantity if the
performance of the activity can be measured on

1]
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145.371
Figure 6-43.—Representing parallel activities.

a quantitative basis. The indication of the type
and amount of delay, lead, or lag is generally
referred to as a ‘‘lag factor.”

In view B, figure 6-43, activity 3 may start
when activity 2 is 50 percent complete, although

activity 2 must wait for the final completion of \
activity 1. In view C, figure 6-43, activity 3 may
start when activity 2 is complete, but will still
have 30 percent to go when activity 1 is com-
plete. The last 30 percent of activity 3 may NOT
begin until activity 1 has been completed. In
view D, figure 6-43, activity 2 may start when
activity 1 is advanced three days, but will still
have 4 days of work left when activity 2 is com-
pleted.
SPLITTING CONNECTORS

The number of sequencing connectors
becomes very large when a netwaoirk s of a great
size. When two activities are remote from each
other and have to be connected, the lines tend to
become ‘“‘lost’’ or difficult to follow. In such
cases, it is NOT necessary to draw a continuous
line between the two activities. To show their
relationship, circles are used with the following-

.activity number in ome, and the preceding-

activity in the other. In figure 6-44, both
activities 2 and 6 are dependent upon activity 1.

DIRECT LINKING
USING AN EVENT

When the number of common preceding and
succeeding activiies in a particular complex is

Figure 6-44.—Splitting connectors,
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large, as in view A, figure 6-45, a dummy event
or focal activity of zero duration may be
introduced to simplify the network. The use of
such a dummy event is shown in view B, figure
6-45, which is a simplification of view A, figure
6-45. The effect in terms of scheduling is the
same, but it can be seen that the intreduction

A e
AN

5 F

c & G

D H

L

A - MULTIPLE PREODECESSORS AND SUCCESSORS
(OIRECT LINKING)

A t
8 F
DUMMY
EVENT
C G
0 H
it
]

\
8 MJLTI?LE PREDECESSORS AND SUCCESSORS
{ USING DUMMY COLLECTOR)

145.372
Figure 6-45.—Use of a dummy event.
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of the dummy has improved the clarity of the
diagram.

AVOID JOINING CONNECTORS

In many instances, opportunities are present’

for joining several connectors going to a
common point to reduce the congestion of the
drawing. The diagrams in views A and B, figure
6-46, have precisely the same interpretation.
Several connectors have been joined in view B,
figure 6-46. When the network is coded for the
computer, the fact that activity D has three
preceding activities with only one line actually
entering D may be overlooked. This form of
representation must be discouraged for this
reason.

B I /

c V

A. OIRECT REPRESENTATION OF OEPENDENCIES

B. INDIRECT LINKING OF DEPENDENCIES

145.373
Figure 6-46.—Avoid joining connectors.
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SCHEDULING PRECEDENCE
DIAGRAMS

Scheduling, or putting the network on a
working timetable, is calculated the same as
arrow diagrams. The information is repiesented
differentlyy, being contained within the activity
box as illustrated in figure 6-47.

ADVANTAGE OF PRECEDENCE

Precedence networks eliminate many of the
complhicaung factors of arrow networhs. Most
construction management programs for com-
puters are limited by the nuinber of activities the
computer can accommodate. Arrow networks
contain as much or more than 30 percent of
dummy activities or split activities and are
therefore very costly to run on compulers.

Precedence networks are easier to draw
because all of the activities can be placed on
small cards, laid out on a flat surface, and

manipulated easily until a realistic logic is

achieved. Draw line> (connectors) to each of the
activities to show the relationship between the

artivitioc
WL vavivD.

EQUIPMENT MAINTENANCE

To achieve both quantity and quality in work
output, it is important that you have the right
kind of tools and equipment, as well as qualified
personnel 1o operate them. It is equaily impor-
tant that the tools and equipment receive
the preventive maintenance and upheep

"N

ATTTY ° 1 ° ] ACTIV TY

NUMBER L DURATION

: R R - ACTIVITY

DESCRIPT.ON
EARLY EARLY
START - @—— riNISH
RES0URCES L
LATE LATE

sTART @ &— FINISH
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Figure 6-47.—Information for a precedence activity.

necessary to keep them operating at peak effi-
ciency.

Preventive maintenance pays off in many
ways. It aids in promoting safe working condi-
tions and safe working habits. Among other
advantages, preventive maintenance means
fewer breahdowns and the maximum length of
useful life for the equipment.

Equipment maintenance includes a number
of routine tasks, such as cleaning, adjusting, and
lubricating. Some workers regard these tasks as
unimportant, but as every experienced
Steelworker knows, they have an important
bearing on the operating condition of the equip-
ment. Certain maintenance duties may be
required daily or weekly; certain others are per-
formed monthly, quarterly, or at even longer
intervals. The type and frequency of
maintenance depend largely 'upon the type and
make of the individual piece of equipment. The
maintenance requirements for a given piece of
equipment generally will be prescribed by the
manufacturer; this information usually will be
included with the equipment when it is received
by your activity. For each piece of equipment,
be sure and follow the maintenance instructions
prescribed by the equipment manufacturer.

CAUTION: Leave the maintenance of all
electrical equipment, such as moltors,
generators, and transformers to the Construc-
tion Electrician. They should be around at
regular intervals to inspect and service all of the
electrical equipment. The maintenance duties
that should be handled by experienced elec-
tricians include lubricating, adjusting, and
cleaning the equipment.

It is not our purpose here to describe the
many tasks included in equipment mainienance.
You are probably familiar, anyway, with the
common types of equipment used in welding,
rigging, sheet metal work, and other opcrations
performed by Steclworkers; also, you most
likely have had much experience in lubricating,
operating, cieaning, and adjusting this equip-
ment.

As a supervisor, you can help insure that
equipment receives the proper care and upkeep
by establishing a good maintenance program
and then, seeing to it that the program is
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carried out. In setting up a mainienance pro-
gram, 1t may be helpful to prepare a chart listing
each piece of equipment and its maintenance
requirements, such as method of cleaning, fre-
quency of lubrication, and the like, for each type
or make of equipment. In making up the
maintenance chart, refer 1o the manufacturer’s
istruction manual to determine the types,
frequency, and other mainienance requirements
for a particular make of tool or machine.

Make it a practice to maintain a file of all
instruction manuals received with the various
pieces of equipment. If possible, use a filing
cabinet for filing the manuals. The manuals can
be filed alphabetically by the name of the equip-
ment or manufacturer, or any other method
which will allow easy access 10 a manual when
needed. If you do NOT have a system for filing
the manuals, a great deal of time may be lost
while you hunt through a stack of papers to find
a particular manual.

Another techmque which may prove useful
o you n carrying oul an equipment’
mainienance program is a material history of
individual picces of equipment. A material
history 15 a chronological record describing the
events 1 the service hife of a given machine. The
entries are made on a file card and include such
iems as the following: (1) results of all tests and
measurements; (2) difficuluies or troubles
encountered; (3) methods used to repair or

6-60

restore the equipment 1o service; (4) dates when
grease or oil was changed; and (5) any other in-
formation that may be of value 1o a complete
understanding of the machine. All such data
should be entered opposite the date on which an
incident occurred. If there is a complete history
on a particular machine, any interested person
can get a pcture of what has been done to
remedy troubles that may have arisen in the past
as well as the care it has received.

AS-BUILT DRAWINGS

The best laid plans have a way of going
wrong. No amount of preplanning can change
this. The only thing to do is make corrective
changes and conunue the project. When these
corrections wvolve the actual construction of
your project, you must also show this change in
the form of a AS-BUILT DRAWINGS. You
should contact your operations officer to get ap-
proval to make any changes ona project. When
the decision has been made, s:10w the changes on
vour drawing As-built drawings consist of the
onginal construction drawings, corrected 1o
show additions, omissions, or changes made
during construction. Changes inade on the
original construction diawings are drawn in red
on the working drawings. The drawings are then
turned into engineering where the final record
drawings are completed.




CHAPTER 7

METALS IDENTIFICATION AND TESTING

Many tests have been developed for deter-
Jemng the physical properties of metals. Two
unportant physical properties of special concern
1o ihe Steelworker are hardness and tensile
Strepgth. Hardness may be measured by file
[cs(;vg,, or preferably, by machine testing with a
Rodhwell, Brinell, or other type of tester. The
tensiie strength of a metal can be determined by
a tension test. Although you may only make
these tests occasionally, knowing the physical
properties of metals 15 important. In many in-
stances, you may use tables or charts which
show information obtamed from tests for hard-
ness and tensile strength, Weld defects in metals
«an be detected by magnetic particle inspection
of hquid penetrant inspection. Other tests
descnibed in this chapter include tests of sample
welds and metal identification.

'HARDNESS TESTS

Most metals possess some degree of hard-
ness—that s, the ability to resist penetration by
another material. Many tests for hardness are
used: the simplest one is the file hardness test.
W hile fair estimates of hardness can be made by
an experienced Steelworker, more consistent
quaniitative measurerients are obtained with
standard hardness testing equipment. This
cquipment eliminates the variables of size,
shape, and hardness ofthe-{jle selected, and of
the speed, pressure, and anglys of the file used
during a test.

HARDNESS can be defifed as resistance 10
penetration, resistance to abrasion, resistance to
machine ool cutling, or resistance to bending
(stiffness) by wrought products. Except for
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resistance to penetration, the characteristics of
hardness are not readily measurable. Conse-
quently, most hardness tests are based on the
principle that a hard maiterial will penetrate a
softer one. In a scientific sense, hardness is a
measure of the resistance of a material to
penetration or indentation oy an indenter of
fixed size and geometrical shape, under a
‘specific load.

The information obtained from a hairdness
test may be used to coapare 2lloys and the
effects of various heat ireatracnts on them.
Hardness tests are also useful as a rapid,
nondestructive method for inspecting and con-
trolling certain materials and processes, and to
insure that heat-treated objects have developed
the hardness desired or specified. 7 ne results of
hardness tests are useful not only for com-
parative purposes, but also for estimating other
properties. For example, the tensile strength of
carbon and low-alloy steels can be estimated
from the hardness test number. There is also a
relationship between hardness and endurance or
fatigue characteristics of certain steels.

Hardness is most often measured with the
Rockwell and Brinell hardness testers. Other
hardness testers include the Vickers, Eberbach,
Monotron, Tukon, and Scleroscope. Since there
are many tests and the hardness nun.bers derived
are not equivalent, it is essential that the hard-
ness number be designated according to the test
and the scale employed in the test. Since you are
more likely to have access to a Rockwell tester
than to any other, the Rockwell test is described
in greater detail. The essential differences
between the Rockwell and Brinell tests are also
pointed out.
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ROCKWELL HARDNESS TEST

Of all the hardness tests, the Rockwell is the
one most frequently mentioned. The basic prin-
ciple of the Rockwell test (like that of the
Brinell, Vickers, Eberbach, Tukon, and
Monotron tests) is that a hard material will
penetrate a softer one. This test operates on the
principle of measuring the indentation, in a test
piece of n.ctal, made by a ball or cone of a
specified size which is being forced against the
test piece of metal with specified pressure. In the
Rockwell tester shown in figure 7-1, the hard-
ness number is obtained by measuring the
depression made by a hardened steel ball or a
spherocdnical diamond penetrator of a given
size under a given pressure.

With the normal Rockwell tester shown, the
120° spheroconical penetrator is used in con-
junction with a 150-kilogram load to make

WEIGHTS

HARDNESS
DIAL

LLONG
NEEDLE

INDENTER

/

ELEVATING
WHEEL

ANVIL

KNURLED
ZERO
ADJUSTER

DEPRESSOR MAJOR LOAD
BAR LIFTING CRANK HANDLE
102.90X

Figure 7-1.-—Standard Rockwell hardness testing machine.

impressions in hard metals. The hardness
number obtained is designated Rockwell C (Rc¢).
For softer metals, the penetrator is a 1/16-inch
steel ball in conjunction with a 100-kilogram
load. A hardness number obtained under these
conditions is designated Rockwell B (Rb). Figure
7-2 illustrates the principle of indenter hardness
tests. Although the conical penetrator is shown,
the princip’~ is the same for a ball penetrator.
(The geomuury of the indentions .would, of
course, differ slightly.) :

With the Rockwell tester, a deadweight,
acting through a series of levers, is used to press
the ball or cone into the surface of the metal to
be tested. Then the depth of penetration is
measured. The softer the metal being tested, the :
deeper the penetration will be under a given
load. The average depth of penetration on
samples of very soft steel is only about 0.008
inch. The hardness is indicated on a dial,
calibrated in the Rockwell B and the Rockwell C
hardness scales. The harder the metal, the higher
the Rockwell number will be. Ferrous metals are
usually tested with the spheroconical penetrator,
with the hardness numbers being read from the
Rockwell C scale. Monferrous metals are tested
with the steel ball; results are read on the B scale.

With most indenter-type hardness tests, the
metal being tested must be thick enough to avoid
bulging or marking the opposite side. The
specimen thickness should be at least 10 times
the depth of penetration. It is also essential that *
the surface of the specimen be flat and clean.
When hardness tests are* necessary on thin
material, a superficial Rockwell tester should be
employed.

The Rockwell superficial tester differs from
the normal Rockwell tester in the amount of
load applied to perform the test and in the kind
of scale used to interpret the results. Where the
major loads on thg normal tester are 100 and 150
kilograms, the major loads on the superficial
tester are 15, 30, and 45kilograms. One division
on the dial gage of the normal tester represents a
vertical-displacement of the indenter of 0.002
millimeter. Hardness scales for the Rockwell
superficial tester are the N and T scales. The N
scale is used for materials of such hardness that,
were they of sufficient thickness, they would be
tested with the normal tester using the C scale.
The T scale is comparable to the B scale used
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o
THIS INCREASE IN DEPTH OF PENETRATION, CAUSED BY APPLICATION OF MAJOR LOAD,

SURFACE

FORMS THE BASIS FOR THE ROCKWELL HARDNESS TESTER READINGS.

" 126.87X

Figure 7-2.—Principle of Rockwell hardness test.

with the normal tester. in other respects, the
normal and superficial Rockwell testers are
much alike.

Assyming the sample is properly prepared
and the appropriate penetrator and loads are
selected, the following step-by-step procedure
indicates how a Rockwell tester is used:

‘1. Place the picce to be tested on the testing
table, or anvil.

2. Turn the wheel for clevating the testing
table until the piece to be tested comes in contact
with the testing cone or ball. Continue to turn
the elevating wheel until the small pointer on the
indicating gage 1s nearly vertical and slightly to

“the right of the dot.

7-3

3. Watch the long pointer on the gage, and
continue raising the work with the elevating
wheel until the long pointer is nearly
upright—within approximately five divisions,
plus or minus, on the scale. This step of the
procedure sets the minor load.

4. Turn the zero adjuster, located below the
elevating wheel, to set the dial zero behind the
pointer.

5. Tap the depressor bar downward to
release the loads and apply the major load.
Watch the pointer unti! it comes to rest.

6. Turn the crank handle upward and for-
ward, thereby removing the major but not the
minor load. This will leave the penetrator in con-
tact with the specimen but not under pressure.
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7. Observe where the pointer now comes to
rest, and read the Rockwell hardness number on
the dial. If the test has been made with the
1/16-inch ball and a 100-kilogram load, the
reading is taken from the red, or B, scale. If the
test has been made with the spheroconical
penetrator and a load of 150 kilograms, the
reading is taken from the black, or C, scale. (In
the first example, the number is prefixed by Rb,
and in the fatter instance by Rc.)

8. Turn the handwheel to lower the testing 145.228
table, then remove the test specimen. Figure 7-3.—Microscopic view of impression.

The Brinell hardness machine 15 of greatest |
BRINELL HARDNESS TEST value in testing sofy and medium-hard metals™
- and in iesting large pieces. On hard steel, the
imprint of the ball is so small that 15 1s difiicult
The Brinel: hardness testing machine pro- to read.
vide® a convenient and reliable hardness test.
The machine is not suitable, however, for thin or
small pieces. This machine has vertical hydraulic Table 7-1.—Portion of Conversion Tablé Furnished with
press design and is generally hand operated, a Brinell Tester
lever being used to apply the load which forces a i
10-millimeter diameter hardened steel or i .
tungsten-carbide ball into the test specimen. For Diameter Hardness
ferrous metals, a 3,000-kilogram load is applied. ~ of ball number
For nonferrous metals, the load is 500 impression for load of
kilograms. In general, pressure is applied to fer- (mm) ke
rous metals for 10 seconds, while 30 seconds are 3000
required for nonferrous metals. After the i
pressure has been applied for the appropriate ) 945
time, the diameter of the depression produced is *
measured with a microscope having an ocular . 899
scale. -

856

The Brinell hardness number (Bhn) is the
ratio™of the load in kilograms to the impressed A : 817
surface area is square millimeters. This number
is found by measuring the distance the ball is 780
forced, under a specified pressure, into the test
piece. The greater the distance, the softer the ;T4

metal, and the lower the Brinell hardness
number will be. The diameter of the impression
is measured, using the calibrated n?icroscope
furnished with the tester. Figure 7-3 illustrates
an impression as seen through the microscope. 653
After measuring the diameter of the impression, i
the measurement is converted into the Brinell ) 627
hardness “number, using the conversion table
furnished with the tester. A portion of the con- .
version table is shown in table 7-1. 145.229

712

682

A
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TENSION TEST

You must be familiar with the principles of
metal testing for tensile strength, as well as for
hardness. The term TENSILE'STRENGTH may
be defined as resistance to longitudinal stress or
pull, or as the amcunt of stress resisted by the
metal in pounds per square inch of cross section.
The test is made by a tensile testing machine,
either of the portable or stationary type.

'ﬁi’wo essential features of a tension testing
machine are a device for straining the test
specimen and a device for measuring the
resistance of the specimen to this straining.
Another instrument, known as the extensometer
or strain gage, is clamped to the specnmen to
measure strain in that part of the specimen
where strain is essentially uniform. With some
equinment, a device is used to record and plot
the stress-strain curve.

The tension test is a destructive test since the
specimen must be loaded or stressed until it fails
in order to obtain the desired information;
moreover, there are few parts which would fit
the tension testing machinie. These faciors ea-
plain why the test is made on a standard
specimen rather than on the part itself. It is ob-
viously important that the test specimen truly
represents the part; for instance, not only must
the specimen be given the same heat treatment as
the part, but it must also be heat treated at the
same time.

There are a number of standard types of
tensile test specimens; figure 7-4 shows you one
standard type of specimen in common use.

The standard test piece is an accurately
machined specimen. Overall length is not

r‘“ |/8 ‘*5/8"‘“-——-2 /4-—--N§/8~>‘<~| »/8 ‘){
' lREDuceo SECTION , ,

1%

l
505

> RPN
/ © O OAGE _ENGTH

. \ o '
- 11.367

Figure 74. —Standard: tension test specimen.

A

P

ERIC .

Aruitoxt provided by Eic:

" specimen accurately,

particularly critical, but the diameter and gage
length are. The 0.505-inch-diameter (0.2 square
inch area) cross section of the reduced portion
provides an easy factor to manipulate
arithmetically; for example, to divide into the
load, as read from the machine, to determine
tensile strength in pounds per square inch (psi).
The 2-inch ga'ge length is the distance between
str,am measurlng points. This is the portion of
the specimen to which the extensometer is
attached. In addition, the gage length is used to
determine percent elongation.

The tension test amounts to applying a
smooth, steadily increasing load (or pull) on a
test specimen and measuring the resistance of
the specimen uatil it breaks. Whén recording
equipment i not used, the test is not difficult to
perform. During the test, the behavior of the
specimen is observed, and the extensometer and
gage readings are recorded at regular intervals.
After the specimen fractures and the fracturing
load is recorded, the specimen is measured with
calipers to determine the percent elongation and
the percent reduction in area. In addition, a
stress-strain curve is plotted. From the data-thus
obtained, you can' determine tensile strzngth,
yield point, elastic limit, modulus of elasticity,
and other properties of the material.

TESTING FEROCEDURES
AN

Specific details for conducting the tension
test vary with the purpose of the test and the
kind of metal concerned. Before starting the
test, however, make sure you measure the
using 3 micrometer, and
compute the ioad. This is important because you
compute tensile strength by dividing the max-
imum load in pounds applied during the tension
test by the ‘original cross-sectional area of the
specimen in square inches; that is

Tensile Strength = Load

Pd Area -

Assuming a steel specimen has been properly
set up in the equipment, with an extensometer
attached, the tension test procedures is generally
as follows. Apply a steadily increasing load. At
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first apply a load well below the specimen’s
suspected elastic limit. At frequent intersals,
release the load, r:‘ﬁl, and record the values
indicated by the extensumeter and the load-
indicating gage.

With loading, the extensomicici needle
moves, indicating that the heial is elongating or
stretching: first elastically and later plastically.
Frequent loading, releasing, reading, and
recording are necessary 1o establish that pont
where elastic stretching stops and permanent
stretching begins. Consequently, it is necessary
to repeal this procedure at frequent intervals, in-
creasing the load in small amounts, until perma-
nent defcrmation occurs; that is, the specimen
does not return to its original size when the load
is released. As long as the applied load is not too
great, the extensometer needle returns to zero
when the load is released. This indicates that the
specimen has returned to its original length
because of its elasticity. It also indicates that per-
manent deformation has not occurred and,
therefore, that the elastic limit of the material
has not been exceeded.

Unless automatic equipment is emploved,
the process of obtaining data needed to deter-
mine the elastic limit and the yield point require
skillful manipulation of the loading controls and
careful observation of the behavior of the
specimen. Al a certain point in the tension test
of soft steel, for example, a definite increase in
specimen length occurs with no increase in load.
For this reason, it is necessary to apply, release,
and increase loads repeatedly, being careful to
avoid overshooting the load which is just enough
to cause permanent deformation. When perma-
nent deformation or vielding begins the strain-
ing load is released and the e.tensometer
removed from the test specimen (unless an
electronic-type extensometer is <inployed which
measures strain up to the breaking peint of the
metal).

With the extensometer remowved, a more
rapidly applied, steadily increasing lcad mey be
employed. At first, the test metal continues to
stretch. The NECKING IN is observed, and,
finally, the specimen breaks. The load at the
breaking point is recorded along with values ob-
tained earlier in the test. Remember that the
behavior of the meaf specimen during the test
varics with the kind of material involved and the

n
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condition of the material after working or heat
treating. This is demoastrated by the test
spectmens shown in figure 7-5. in this illustra-
tion, A is a fractured specimen of a brittlc metal;
B is a ductile metal. Curves shown in views B, C,
and D of figure 7-6 demonstrate the effect the
condition of the material has on tension test
results.

After fracturing the specimen and removing
it from the tension tester, match the two parts of
the specimen together at the point of fracture,
and measure the distance between the 2-inch
gage marhs. The difference in gage length before

11.368X

Figure 7-5.—Comparison of tension test specimen fra\c(ures
of (A) brittle, and (B) ductile metals.
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Figaure 7-6. —Stress-strain curve for typical metals.
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and after testing is the elongation in 2 inches.
The difference between the original gage length
and the gage length after fracture divided by the

r,original gage length (2 inches) times 100 is the

ipercent of elongation. A similar ineasurement of
the change in diameter of the specimen is made
to determine the percent reduction in area. Both
percentages are taken as measures of ductility.

STRESS-STRAIN CURVES i

The gftensometer readings and the load data
assocrated with those readings, taken during the
tension test, are plotted on a graph to produce a
stress-strain curve. Extensometer or strain values
are plotted av-abscissas (horizontal axis); stress
or load values, as ordinates (vertical axis). The
shape of the plotted curve varies with the kind of
material involved. This is demonstrated by the
stresssstrain curves shown in figure 7-7. Note
that the curve for a brittle metal has a steep
slope. In fact, it is almost a straight line with
fracture occuring at maximum stress. On the
other hand, the curve for a very ductile material
has practically no straight-line portion. Almost
as soon as a load is applied, the materiai begins
to stretch and continues to do so until the
specaimen fractures. The angle of slope and the
straight (or nonstraight) line characteristics of
the curve are suggestive of the properties of a
metal 1n tension and indicate the extent of brit-
tleness or ductility. The straight-line portion of
the curve can be used to determine the modulus
of elasticity. The area under the curve is a
measure of toughness. Since the area under the
curve is much greater for the ductile than for the
brittle specimen, the former is, obviously, con-
siderably tougher than the latter.

The more important features of a stress-
stramn curve plotted from data obtained during a
tension test are illustrated in view A, figure 7-6.
The material involved is a soft low-carbon steel.
The straight-line portion of the curve fromg tob
indicates that the internal fiber stress
(stress = applied load-cross-sectional area) is
proportional to the strain as measured by the
extensometer. The point b indicates the,propor-
tional limit; that is, stress is no longer pro-
portional to strain, and stretching begins.
Somewhere between b and ¢ is the elastic limit,
while ¢ 15 the yield point. The highest point on

7.7
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the curve, ¢, is the tensile st,réngth or the greatest
stress the material can withstand without rup-
ture.

The curves illustrated were obtained with
testing machines equipped with autogiaphic
recorders. Curves obtained without such, equip-
ment would have a different shape from point d
to e. It would drop downward, giving the
appearance that the stress at fracture is less than
the ultimate strength of the material. Such a
curve gives this impression because stress is
calculated as load divided by the original cross-
sectional area, rather than the true cross-
sectional area, actually related to the load after
the specimen begins to neck ‘'down. Were the
curve plotted in terms of the true stress, that is,
the load divided by the actual cross-sectional
area, the curve would rise to the point of frac-
ture like those illustrated in figare 7-7.

SCRIBE METHOD OF .
DETERMINING ELASTIC LIMIT

The most difficult properties of a metal to
determine are its elastic limit and yield point.
This is especially true for nonferrous metals and
certain steels like the stainless group. Even with
ordinary steel, they are difficult to establish
without expensive autographic recorders and
electronic strain gages. If the requirements are
not too exacting, the elastic limit of ordinary
steel can be determined by the scribe method.

In the SCRIBE METHOD for determining
elastic limit, a pair of dividers is adjusted to 2
inches between points. Then, centering one leg
in the lower 2-inch-gage-length punch mark,
.scribe a light line with the other divider leg
point. When the load approaches that suspected

.to be in the region of the elastic Jimit of the

material, the straining load is released and
another mark inscribed with the dividers in the
same manner as before. If this mark coincides
with the first, the elastic limit has not been
reached. If the first line thickens, the elastic limit
has just been reached. If two distinct lines result,
the elastic.limit has been exceeded. Unless you
are merely attempting to establish that a specific




STEELWORKER | & C

149,500 pst 147,500 psi
. TENSILE TENSILE
’ 150 \ /
TENSILE
STRENGTH 135
108,00C e 20| 105,000 ps:
YiELD \
50,000 105
. 75,000 4 .90 ™\103,506 psi
YIELD
60,000 £ »
by
60
. 43,000 YIELD .
} : POINT s
30,000 TENSION AS
TEST 30 RECEIVED
15,000
15 -
Q
BE B :
. 0 .002 004 006 008 OO0 012 014 O 002 004 006 008 00 02
ELONGATION IN/IN ELONGATION %%
150 IG0,000ps/ 150 3
TENSILE . 155,000 pst
s 135 135 \ TENSILE
A
\
120 ., '20 146,000 ps!
7 105 105 YIELD flf’
. 103,000 ps! . '
90 YIELD 90
75 75
60 60
45 4h NORMAL'ZED
NORMALIZED - QUENCHED
30 30 DRAWN
15 i5
o b°
c 0 002 004 OC6 008 0O OR2 0 002 004 006 008 OI0 O
ELONGATION % EL ONGATION %
’

11.370X
Figure 7-7.—Stress-strain curve for low-carbon steel of medium ductility,

“

load does not develop stresses exceeding a given OFFSET METHOD OF DETERMINING
elastic limit of~a material, the loading and com- PROOF STRESS AND YIELD STRENGTH
paring scribe marks will probably have to be -

done repeatedly to establish the load that just With ductilejmetals having a ductile fracture
causes the scribe mark to thicken. like the one shown in view B of figure 7-5, or a
s 7-8 [
~ Yy
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stress-stram cunve similar to that presented in
figure 7-8, the departure of the curve from a
stratght Iime 1s so gradual that 1t is difficait to
determine just where deviation (the elastic imu)
occurs. For such materials, the acceptable pro-
cedure is the OFFSET METHOD <hown in
hgure 7-&. Here, a straight-dash line, whose
point of onigin on the abscissa is offsct (set off)
0.01 percent tfrom the point of origin of the
stress strain curve 1tsett. s drawn paratle! to the
lower straight portion of the cuave. As shownn
higure 7-8, the point at which the 0.01 percent
oftset parallel intersects the stigss-strain curve is
tahen as the value correspoading to elasuc linut;
with the otfset method, this svalue s called

the stiess-stramn curve of a second parallei line
ortgimating at 0.2 pereent is tahen as the yield
sirength (in contrast with yield point) value, For
certain purposes, other percent offset values

’
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PROOF STRESS. The point of inteisection on .

may be used. Conscquently, when the offset
method for determining the elastic limit o1 proof
stress and the yield strength is employed, it is
essential that the amount of ofiset be specified.

MAGNETIC PARTICLE INSPECTION

Magnetic particle inspection can be used for
the detection of weld defects in metals or alloys
in which .nagnetism can be induced. While the
test piece 15 magnetized, finely divided 1ron
powder 1s applied to it. As long as the magnetic
field 1s not disturbed, the iron particles will form
a regulas pattern on the surtace of the test piece.
It the magnetic field is disturbed by a crack or
some other defect in the metal, the pattern 15
interrupted and the particles cluster around the
defect.

The test picce may be magnetized cither hy
having an clectric current pass through it, as
Jhown in figure 7-9, or by having an electric cur-
rent pass through a coil of wire that surrounds
the test piece, as shown in figure 7-10. When an
clectric current flows 1n a straight hne from one
contact point to the other, magnetic lines of
force are i a circular direction, as shown in view
A of figure 7-9. When the current flow is
through a coil around the test picce, as shown in
view A of figure 7-10, the magnetic lines of force
are longitudinal through the test piece.

It a defect is to show ap as a disturbance in

the pattern of thi ron particles, the direction of
the magnetic #€1d must be at right angles to the
major axiy0f the defect. A magnetic field having

the necessary direction is established when the
current fiow is parallel to the major awis ot the
defect. Since' the orientation of the defect i
unl.nowd, different current directions must be
used during the test. As shown in figuie 7-9, cir-
cular magnetism- s induced in the test picce 0
that the picce may be inspected for lengthwise
cracks, while tongitndinal magnetism, as shown
i tigure 7-10, 15 induced so that the piece may
be inspected for transverse crachs. In general,
magnetic patlticle inspection 15 satisfactory for
detecting surface cracks and subsuttace cracks
that arc not morc than 1’4 inch below the sur-
tace. )
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Figure 7-9.—Circular magnetization (prod method). ., .
J 18.80(145D)B
Figure 7-10.—Longitudinal magnetization (coil method). .
The type of magnetic particle inspection unit
most commonly used in the Navy is the portable
unit shown in figures 7-9 and 7-10. It is a high- prod grip fitted with an ON-OFF relay or cur-
amperage, low-voltage unit having a maximum rent control switch, a pair of heavy copper con-
magnetizing output of 1,000 amperes, either tact prods, and,two 5-foot lengths of flexible
alternating or direct current. it is ready to cable. Cable fittings are so designed that either
operate when plugged 1nto the voltage supply end of any cable may be fitted to the unit, to the
spectfied by the manufacturer. The unit consists prods, or to any other cable. The unit has three
of a magnelizing curient source, controls, in- outlets on the front which make it easy to change
dicating meters, three 10-foot lengths of flexible from alternating to direct current oOr vice versa,
vable for carrying the current to the test piece The outlet on the left is labeled a.c., the center is
and a prod kit. The prod kit includes aninsulated COMMON, and the right is d.c. One cable will
. 7-10
o : B
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always be plugged into the COMMON outlet,
and the other cable is plugged into the a\.u: or
d.c.ooutet, depending upon what (vpe of cutrent
the test requires. For most work, alternating cur-
tent magnetization effectnely locates fatigue
racks and amilar defects extending through to
thie surface. When mote semitive inspection I8
required to detect defects below the surface,
direct current is used.

The umt can be used with alternating or
direct current in cither of (wo' wavs: (1) with
prods attached to the flenible cable and used as
contacs through which durrent js passed into
and out o} a portion of the test piece, setting up
circular magnetization 1 a local arca between
the prod contact points, as shown in view B of
figure 7-9, or (2) .th flexible cable wrapped
around the work, as shown in view B of figure
7-10, to form a cotl, which with the passage of
current, induces lohgitudinal magnetism in the

o t
“part of the work piece lhat 15 surrounded by the

ERIC
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colled cable.
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Although cither of these two methods may
be wsed, the prod methoed +s probably the casier
to apply. In mMQ;\anccs, 1t effectively <erves
(o detect surface defects. With the prods,
however, only a relatively small arca of the test
picce can be magnetized at any one time. This
magnetived arca s hmted to the distance
between prod contact pomts and to a tew inches
~n each side of the current path. To chech the
enire surface, 1118 necessary 1o successively test
adjacent arcas by changing the locaton ot the
prod contact pomts atter a gnen arca has been
tested. Each arca ol the test piece inust be in-
spected twice—once with the current passing
thryugh the metal in one direction and once with
the Surrent passing through the metal in a direc-
uon at night angles to the direction of the st
test. One of the advantages of the prod method
ot magnelic patucle mmspection 1s that the cur-
rent can be eastly passed through the metal m
amy desired direction, Thus, if a given arca
suspected ot bemg defective, magnete ticlds ol
vanous orientations can be established during
the test.

The prod method s accomplhished by
adjusting the umt tor a current output switable
for the magnetizine and weshing to be pertormed

for any particular kind of metal. The current set-
ting required depends on the distance between
prod contact points. With the prod kit supplied
with the unit, the space between prod contact
points is 4 to 6 inches. For this space, with a
material thickness less than 3.4 inch, a cuirent
setting between 300 and 400 amperes 18 satisfac-
tory. With a material thichness of 3 4 inch and
over, use 400 to 600 amperes. To obtain the
same magnetic field force, less current is re-
quired 1f the prod contact points, ate closer
together., With prods constantly at the same
spacing, more current will induce a field of
greater strength.

Atter adjusting the unit, place the prods in
position. Hold tham in firm contact with the
metal and turn on the current. Then apply
magnetic patticles to the test area with the duster
bulb and observe any indicator patterns. With
the curtent sull on, remove the excess particies
trom the test area with a blower bulb and com-
plete the inspection. 130 not moyve the prods until
atter the curtent has been turned off. To do <o
would cause the d?ncnl to arc, resulting in a
flash camilar to that occurrmg in are welding.

Through the use of magnete paiticle inspec-
von, hauline cracks that are otherwise mvisible
are readily detected, sice the patticies form an
unmisstakable outline of the defect. 1 arge vouds
beneath the sutface are more casly detected
than small vouds, but any defect below the sur-
face 1s mote difficult to detect than one which
extends through to the surface. Since talse in-
dications occur frequently, the inspectors must
be able to acturatefy nterpret the particle m-
dications they obserye.

-t
N

Factors that help the ispectors to mterpret
the test results include the amount of magnetiz-
ing curtent apphe!’. the shape of the indication,
the sharpness of the cutline, the width of the
pattern, and the height or buildup of the par-
tictes. Althgugh these characterssues do not
determine the seriousness of the mdication, they
do serve to adentity  the kind ot defect
mdicated.

Lhe indication of a crack is a shaip, well-
debined pattern of magnictic particles having a
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definite buildup. This indication is produced by
d relatinvely low-magnetizing current. Seams are
revealed by a straight, sharp, fine indication.
The buildup of particles 1s relatively weak, and
the magnetizing current must be higher than that
required o detect cracks.: Small porosity and
rounded indentations or simular detfects are dit-
neudt o detect for inespenenced mnspectors. A
high magnetizing current continuously applied i
usually required. The particle patterns for these
defects are tuzzy in outline and have ¢ mediun
bulldup. -

W hether or not an indicated defect 15 to be
chipped or ground out and repaired by welding
depends on the specifications governing the job.
Surtace cracks are always reinoved and repaired.
Indications of subsurface defects detected by
magnetic particle inspection are evaluated by the
mspector. If the indication 1y pOsilivc, O
usually best to grind or chip down to solid metal
and make the repair. Unless the mspector can
ditterentiate accurately between true and false
indications, it 1s best 1o restrict the appheation
of magnetic patbde inspection o the detection
ot surtace  detects.  tor  tius  appircation,
magnelic particie inspection 1s almost foolproot,

Atter indicated defects have been repaired,
the arcas should be remspected to msure that the
repart s sound. The himal step in magnetic pas-
Gl mspection is to demagnetize the workpieee,
This is espeaially important when the workpiece
is made of ' h-carbon steel. Demagnetization s
essential w direct current hias been used to in-
dace the v etic bield. 1t is not as necessars
wicn altern g curient has been employed in
the test. In fact, the usual demagnetization pro-
cedures invohves placing the workpicee in ana.c.
coil or solenord and slowly withdrawimg it winle
the current passes through the coil.

Demagnetization can be done with the port-
able umit, ot a speaal demagnetizer 15 not
avatlable. To demagnetize with the portable
unat, torin a cotl ot tlevble cable around the
worhpieee. Be sure that the cable s plugged into
the unit for the delivery ot alternating current.
Set the current regulator to deliver a current
identical to that used tor the inspection and turn

n the umit, Then gradually decrease the current

A
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until the ammeter indicates zero. |t the piece is
large, 1t may be necessary to demagnetize a small
portion of the work at a time,

L]

A check tor the pre ence of a magnetic field
(and thus a chech on the need for demag-
netizazion) may be made by usmg small com-
pass. A deviation of the needle from its norizal
position, when the compass is held near the
work piece, is an indication that & magnetic field
i present. Aninstrument called a tield indicator
may also be used to check tfor the presence of a
magnetic field. This instrument will usually
come with the magnetic particle inspection unit,

LIQUID PENETRANT INSPECTION

Liquid penetrant methiods are used 1o mspect
metals for-surface defects similar to those re-
vealed by magnetie patticle inspection. Unlike
magneue paiticle inspection, wiich can reveal
subsurtace defects, liquid penctrant inspection
reveals only those dgfects that are open to the
surface. In general, the only metals that are in-
\pected Dy digquid peaeuant imetiods are nouict
rous metals and nonmagnetic steels,

Four groups of hquid penctrants are used.
Group 11y a dye penetrant which v nonwater
washabie. Group H s a water-washable dye
penetiant, Group L and Group IV are fluores-
cent penetrants, The mstructions prescibed for
cach penetrant should be foilowed carcfully,
sinee there are some differenices in procedure
and some differences in safety precautions re-
guired for the various penetrants.

Betore using a hauid pencetiant o inspect a
weld, remove all slag trom the surface. Eeept
where a specific finish is required, it 15 not
necessary to grind the weld surtace as long as the
weld surtace 15 accordance with applicable
specifications and as fong as the weld contour
blends mto the ba,e metal without undercutting.
it a specific finish is requued, hquid penctrant
mspections may be performed betore the finish
iy made, 10 order o detect defects that extend
bevond the final dimensions; but a tinal liguid
penetrant inspection must be made AFTER the
speattied tinsh has been given,

q\!
,
-
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Before using a hquid penctrant, clean the
surface of the material—includimg the areas
adyacent to the inspection area—yvery carcfully.
You uan Jean the surface by swabbing it with a
Jdean, lmt-tree Jdoth saturated m oa nonvolatile
sulvent or by dipping the entire piece iito a4 sol-
veni. After the surface has beer Jeaned, all
trace of the deaming materials must be renoved.
Ioas extremely important to remove all dirt,
grease, scale, hnt, salts, or other matenials, and
to mahke sure that the suitace is entirely dny
before the hquid penetrant is used.

Fhe temperature of the liquid penetrant and
ot the piece to be nspected MUST be main-
tained 1 the temperature range of 50° to 100°F.
Do NOT attempt to use hqud penctrant when
this temperature range cannot be maintained.
Do NOT use an open flame to increase the
temperature singe the liquid penetrant matenals
are tlammable.

Atter thoroughly cleaming and drvng the
surtace, coat the surtace with the hquid
penetrant. Spray or brush on the penetrant ot

dip the entire prece in the penctrant. To allow
ume for the penctiant to get into all crachs,
crevices, or other delects that are open to the
stitface, keep the surtace of the prece wet with
the penctrant tor a nummum ot either 15
minutes or 30 muinutes, depending upon the
penetzant being used.

Alter
penetrant tor the

heeping  the surface wet with the
requited length of  tme,

remove the excess penetrant from the surface
with a clean, dry cloth, or absorbent paper
towel. Then, dampen a clean, lint-fiee cloth, or
absorbent paper towel with penctiant remover
and wipe the remaining excess penetrant from
the test surface. Neat, allow the test surface 10
diy by normal evaporation or wipe it dry with
the dean, lint-free cloth, or absorbent paper

tonwel, I drying the surface, avoid con-
taminating it with oil, lint, dust, or other

matetials that would interfere with the mnspec-
uon.

After the surface has dried, apply another
substance, called a developer. Allow  the
daveloper (powder or liguid) to stay on the sur-
face for a minimum of 7 minutes before starting
the inspection. Leave it on no longer than 30
minutes, thus allowing a total of 23 minutes to
evaluate the indications,

Do vou knew what takes place when these
penetiant materials are applied? First of all, the
penetrant applicd 1o the surface of the material
will seep into any passageway open (o the sur-
tace, as illustrated in view A of figure 7-11. The
penetrant is normaily ted in color, and iike
penetrating oil, it seeps into any crack or crevice
that is open to the surface. Next, the excess
penetrant is removed froin the surface of the
metal with the penetrani remover and a lint-free
absorbent material. Only the penetrant on top of
the metal surface is removed (view B, hg. 7-11);
thus, only the penetrant that has seeped into the
defect is left.

SENETRATION

)
,

\

\ \
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Figure 7-11.

C 18.81X

Principles of hquid penctrant imspection.,
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Finally, the white developer is applied to the
surface of the metal. (See view C, fig. 7-11.) The
developer, an absorbing material, will actually
draw the penetrant from the defect. Therefore,
enetrant indications in the white
seioper represent the defective areas. The
uni of red penetrant drawn from the
defective areas will give an indicrqlion of the size
and sometimes the type of defect. When dye
oenetrants are used, the lighting in the test area
must be bright enough 1o enable you to see any
indications of defects on the test surface.

The indications you see during a liquid
penetrant inspection must be carefully inter-
preted and evaluated. In almost any inspection,
some insignificant indications are present. Most
of these are caused by failure to remove all ex-
cess penetrant from the surface. At least 10
percent of all indications must be removed from
the surface to determine whether defects are
actually preseat or whether the indications are
merely caused by excess penetrant. If a second
liquid penetrant inspection does not reveal in-
dications in the same iocations, it is usually safe
to assume that the first indications were not
really indications of defects.

All penetrant inspection materials must be
removed as soon as possible after the final in-
spection has been made. Use water or solvents,
as appropriate.

Since the liquid penetrant materials are flam-
mable, do not use them near open flames, and
do not apply them to any surface which is at a
temperature higher than 100°F. In addition to
being flammable, many solvents are poisonous
in the vapor form and highly rritating to the
skin in the "quid form.

OTHER TESTS

Different types of tests are used for testing
sample welds made on the job. Three tests which
may be performed without elaborate equipment
are the free-bend test, the guided-bend test, and
the nick-break test.

* FREE-BEND TEST

The FREE-BEND TEST 1s designed to
measure the ductiity of the weld deposit and

heat-affected area adjacentto the weld. 1t 1s also
used to determine the weld tpetal’s perceniage of
elongation. (Ductility, as you perhaps recall, iy
that property of a metal \\u? ch makes it capable
of being drawn out or hapimered thin.)

As the first step in preparing a welded
specimen for the free-bend test, machine the
welded reinforcement crown flush with the sur-
face of the test plate. Whenever the weld area of
a test plate is machined, as is the case of the
guided-bend as well as in the free-bend test, the
machining operation must be performed op-
posite the direction in which the weld was
deposited.

The next step in the free-bend test is to scribe
two lines on the face of the filler deposit. Locate
these lines 1/16 inch from each edge of the weld
metal. (See view B, fig. 7-12.) Measure the
distance, in inches, between the lines to the
nearest 0.01 inch and let the re iiting measure-
ment equal (x). Then bend the ends of the test
specimen so that each leg forms an angle of 30°
to the original centerline.

With the scribed lines on the outside, and the
piece placed so that all the bending will occur in
the weld, bend the test piece by using a hydraulic
press or similar machine. (If the proper precau-
tions are observed, a blacksmith’s forging press
or hammer can be used to complete the vending
operation.) If a crack in excess of 1,16 inch
develops during the test, stop the bending; the
weld is a failure. Otherwise, the specimen is beat
flat. Afier completing the test, measure the
distance between the scribed lines and designate
that measurement (y). The percentage of ¢longa-
tion is then determined by the formula:

_y_:x_’_( x 100 = % of elongation

Requirements for a satisfactory test are a
minimum elongation of 15 percent, and no
oracks greater than 1, 16 inch on the face of the
weld,

GUIDED-BEND TEST
The GUIDED-BEND TEST 1s used to Jeicr-

mine the quality of weid metal at the face and
root of a v.elded joint. This test 15 made in a jig.
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Figure 7-12.—Free-bend test. 98.63X
The test specimen is placed across the supports FACE ROOT

of the die. A plunger, operated from above by
hydraulic pressure, forces the specimen into the
die. To fulfill *e requirements of this test, the
specimen must bend to the capacity of the jig of
180°. No cracks should appear on the surface
greater than 1/8 inch. The face-bend tests are
made in this jig with the face of the weld in
tension (outside), as shown in figure 7-13. The
root-bend tests are made with the root of the
weld in tension (outside), also as shown in figure
7-13.

Figure 7-14 shows a machine used for mak-
ing the guided-bend test. This machine is used in

>many welding schools and testing laboratories

for the daily testing of specimens. Simple in con-
struction and easy to use, it works by hydraulic
pressure and can apply a direct load up to 40,000
pounds, and even mcre on small specimens.
When making the test, position the specimen 1n
the machine as previously indicated and pump
the lever of the purip. Keep your eye on the
large gage and watch the load grow. You will

. :
| : P

| S— N’ . - [—

FACE BEND RCOT 8END

98.64X
Figure 7-13. — Guided-bend test speamens.

know actual load under which the test piece fails
by the position of an auxiliary hand which is car-
ried along by the gage pointer. The hand re-
mamns at the point of maximum load after the
pointer returns to zero.
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Figure 7-14.—Testing machine for making putded-bend (esfﬁ.

NICK-BREAK TEST

The NICK-BREAK TEST is useful for
determining the internal quality of the weld
metal. This test reveals various internal de-
fects .t present), such as slag inclusions,
gas pockets, lack of fusion, and oxidized or

3

burned metal. The nick-break test for sound-

ness of a bvit weld is performed as
follows:

First, flame cut the test specimens from a
sample weld. (See fig. 7-15.) Make a saw cut at
each edge through the center of the weld. The
depth of cut should be about’1/4 inch.

i
-3
(&
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. Figure 7-15.—Nick-break (est of but( weld.

Next, place the saw-nicked specimen on two
steel supports, as shown in figure 7-15; also,
break the specimen by using a heavy hammer.
Weld metal exposed in the break should be com-
pletely fused, free from slag inclusions, and con-
tain no gas pockets greater than 1/16 inch across
their greatest dimension. There should not be
more than six pores or gas pockets per square
inch of exposed broken surface of the weld.

[

METAL IDENTIFICATION

A number of methods are available to help
identify a piece of metal. The metal must be
identified before it can be welded or used in
fabrication. Common methods of identification
include surface appearance, the spark test, and
the chip test, which are described in Steelworker
3 & 2. Other methods are described below.

CHEMICAL TEST
A chemical test identifies metals by their

reaction with certain chemicals; it is not a
chemical analysis. This test shovid be performed

-’

very carefully since a metal may be completely
destroyed by the reacting chemicals. In addiiion,
poisonQus or explosive gases.may be given off.
Always perform the test in a ventilated room.

Aluminum and Its Alloys

"

To tell whether a metal is aluminum or an
alloy of aluminun, start by putting a 10-percent
solution of caustic soda and water in a glass
beaker. Then dip the metal in this solution for a
few minutes. If the metal is pure aluminum, it
will not be discolored. If it is aluminum alloy, it
will have darkened.

Stainless Steel

To prepare a test solution for stainless steel,
start by dissolving 10 grams of cupric chloride in
100 cubic centimeters of hydrochlonic acid.
Place one drop of this solution on the metal’s
surface. Allow to stand for 2 minutes, then add
3 drops of water slowly. Next, wash and dry the
surface. Finally, examine the spot tested. If the
spot 1s brown, the steel consists of 18 percent
chromium and 8 percent or more nickel. It 1s
known as i8-8 stainless steel.

Nickel-Chromium-Iron Alloy

In the test for nickel-chromium-iron alivy,
the test solution is the same as that for stainless
steel, and it is applied in the same manner. If the
test spot is white, the metal is a nickel-
chromiume-iron alloy.

TEST FOR MAGNETIC PROPERTIES

Magnetic and nonmagnetic metal, can casily
be distinguished by testing them with a perma-
nent magnet. If attracted by the magnet, the
metal is usually iron or steel; if not attracted, it 1s
nonferrous. But there are exceptions. Some
nickel alloys are magnetic, whereas gustenitic
steel is ponmagnetic. With the spark testd

however, the magnetic nonferrous metals can
easily be told from the nonmagnut . ferrous
metals.
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FIRE TEST

To identify a metal as magnesium or
aluminum, try cutting off a small piece and
heating 1t with a torch. If the metal is magnesium
or magnesium alloy, it will ignite and burn
violently. Alumifium or aluminum alloy will
merely melt.

HEAT-AND-QUENCH TEST

The heat-and-quench (est is used to
distinguish steel that can be 1ardened fror: that
which cannot. In this test, the steel is heated to a
bright red heat and quenched in cold water.
Then an attempt is made to bend it. If the steel
bends, it is low-carbon steel; if it breaks, it is an
alloy steel or high-carbon steel. Make sure the
steel is at least 1/16 inch thick. To further
distinguish high-carbon steel from alloy steel, try
the spark test.

TORCH TEST

Some metals can be identified by heating
samples with an oxyacetylene torch and observ-
ing the behavior of the metals. A list of these
metals includes copper-nickel alloy, aluminum,
copper, brass, bronze, lead, zinc, tin,
magnesium, and their alloys.

Copper-Nickel Alloy

i

. n alloy consisting of 70 percent copper and

30 percent nickel flows freely when it is melted.

As the alloy cools, a heavy, black scale forms on
its surface.

Aluminum and Its Alloys

When aluminum or an aluminum alloy is
heated, the metal holds its shape until just

- before 1t melts and then suddenly coll .pses. A

he- vy, white scale forms immediately on the sur-
face of the molten metal. Aluminum does not
turn red when it is heated as some mztals do.

Copper

.
-

More heat is required to melt copper than
most other metals. Like aluminum, copper tends
to hold its shape unti nearly molten and then
suddenly collapses. It solidifies rapidly when the
torch is removed. Copper alloys melt at lower
temperatures and solidify more slowly than pure
copper.

Brass and Bronz¢
el -

Brass gives off white fumes on melting due to
the zinc in brass that changes to a vapor. When
melted, tin bronze flows very freely and may
fume slightly. As aluminum bronzg melts, a
heavy scum forms on its surface and mixes with
the molten metal. ’

Lead and Its Alloys

Lead and lead alloys melt at low
temperatures. Usually, the molten metal is
covered with a thin, duil-colored slag.

Zinc and lts Alloys -

When zinc or a zinc alloy.is heated with an
oxyacetylene torch, the metal melts at a low
temperature and boils when it is melted.

Tin end Its Alloys

Tin and tin alloys collapse quickly when they
melt. They flow freely when molten and solidify
rapidly when the torch flame is removed. Prac-
tically no scale is formed when these metals are
heated.

Magnesium and its Alloys

When magnesium or a magnesium alloy is
heated to near its melting point, the metal
catches fire. Once the metal starts to burn, the
fire gathers momentum rapidly. Enough heat is
generated to melt steel. If the fire appears to be
getting out of hand, smother it with sand.
Magnesium fires cannot-be extinguished by or-
dinary methods.

s 7
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COMPANY CHIEF ‘

/‘

The senior enlisted person in the company
may be assigned the duties of Company Chief,
who serves as the principal enlisted assistant to
the Company Commander. This chapter
describes most of the important duties as well as
the principles that you, as Company Chief, can
apply 1n supervising or managing a project, car-
rying out the military functions of the company,
traiming your persenmnel, or supervising the
clerical administrative details of the company.

PROJECT MANAGEMENT

Productiviiy on company project: will
depend on the level of training of personael,
teamwork, condition and availability of equip-
ment, status of material, and other factors. To
be an effective Company Chief, you must
recognize the problems that exist or are likely to
develop so they can be solved before procduct.on
is affected. Base your actions or decisions on
personal knowiedge and all available informa-
tion. Keep in mind that the more complete this
knowledge and information, the better are your
chances of taking the right acdon or making the
right decision.

Ycu can accomplish httle in the company
unless responsibilities are specified for all levels
of supervision. One of your duties is to insure
that areas of responsibility and levels of author-
ity are clearly defined for all enlisted personnel
in the company. Also, establish good com-
munications with the platoon leaders and the
company commander in all matters pertaining to
the efficient operation and effective working
relations of the company . Make frequent inspec-
tions of all company nrojects to insure good
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working practices and proper use of manpower,
equipment, and material. You will report the
results of these ins; _...uns to the company com-
mander, including the status of all matters per-
taining’to the projects. In addition, you will be
expected to make recommendations that will
improve working conditions or efficiency, as
Well as help the company commander maintain
good working relations with other companies or
units.

Besides ceremonies. briefings, and con-
ferences, you will assist the company com-
mander in the assignment of personnel to
weapons and positions in the military organiza-
tion of the company. For this assignment, it will
pay you to study the battalion defensive plans
and assist in laying out and coordinating the
construction of company defensive positions.
You can help insure the readiness of the com-
pany by inspecting its material, equipment, and
personnel. __

BATTALION TRAINING

\ost training for the company will be
administered through the battalion organiza-
tion, under the direction of the S-2 officer. To
develop the necessary construction-combat skills
within the battalion, the training officer utilizes
training facilities, such as service schools, fleet
schools, civilian schools, disaster recovery
training units, and military training units, as
weil as battalion-formulated training programs.
As Company Chief, you assist the company
commander by contacting S 2 personnel and
coordinating the assignment of company per-
sonnel to training designed to establish the com-
pany capability at the required level.
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The commanders, Naval Construction Bat-
talions, Atlantic/Pacific Fleet (COMCBLANT/
COMCBPAC) have established the, manpower
skill level capability requirements for each Naval
Mobile Construction Battalion (NMCB). The
dirferences between the desired and actual
capability are the training requirements in terms
of skills and levels of proficiency. To assist in
determining the state of readiness and capability
of a SEABEE unit at any time and to plan for
training and personnel support, the Personnel
Readiress Capability Program (PRCP) was
developed. The PRCP answers inany basic ques-
tions., For example: How many Steelworkers can
wzid? How many of them will complete the next
deployment? You can find other questions that
the PRCP answers by reviewing a copy of the
Personnel Readiness Capabilities Program,
Volume 116, Standards and Guides for
Steeiworkers. NAVFAC P-458. The informa-
tion gathered through the PRCP system goes
into a training plan to insure that the umit is
capable of performing its functions during the
next deployment.

COMPANY TRAINING

The primary objective of the battalion-
administered training program is the overall
readiness of the battation. Responsibility for the
education, training, and resultant progress of
each iadividual in the company remains with the
company commander. The training officer may
direct that certain training functions be at the
«ompany level and that a training program be
administered by the company. If so, you as
Company Chief, will assist the company
«ommander in setting up an effective training
program.

The enlisted advancement systen: assumes
that enhsted personrel aie provided adequate
rraiming. Although selected individuals receive
training in service schools, it is neither inttended
nor desired that formal schooling provide all the
tramming necdsd, Ratner, the advancement
system depends on the in-service training and
suppert provided by individuat commands.
Respoensibility for this training in an NMCB
rests with the company commander.

Objectives of the company program should
include (1) developing in all candidates for
advancement, the skills necessary for the rate to
which they aspire, (2) imparting the knowledge
related to these skills, (3) developing petty
officer attributes with emphasis on the quality of
leadership, and (4) providing items that
contribute to the overall efficiency of the
company (safety instructions, new work
methods, and so on).

The company comn.ander has five major
functions in the enlisted advancement system:
(1) to encourage all personnel to qualify for
advancement; (2) to give exact information on
requirements for advancement, schools
available, and eligibility requirements for these
schools; (3) to recommend for advancement
those who have met the qualifications; (4) to
establish procedures for training and advance-
ment; and {5) to maintain an effective training
program.

The company commander normally outlines
the course of instruction applicable to the
company and delegates the responsibility for
instruction, recordkeeping, and checking on
individual progress in completing study
assignments and advancement requirements. °

ORGANIZATION

The content, timing, and organization of the
company training program depends on location,
operational commitments and expericnce of the
company petty officers, training aids and
training facilities available, requirements of
higher authority, and other factors. Therefore,
the training program has to be tailored to meet
the requirements of each company.

The following example may be useful as a
guide for delegating responsibility for a training
program. DELTA Company, NMCB 901, is
organized with three platoons. The first platoon
consists of a Chief Builder as a platoon leader,
with rated Builders and Builder strikers. The
second platoon consists of a Chief Builder as
platoon 1.ader, with two squads of rated
Builuers and Builder strikers and one squad of
Steelworkers and & eelworker strikers, The third
piaioon consists of a Chief Steelworker as
piatoon leader, with rated Steelworkers
and Steclwarker strikers. The raining
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responsibilities for the company may be
organized as follows:

1. The. platoon leader (BUC) of the first
platoon is responsible for the development of
skills and kneyledge of the Builder rating for all
Builders in the company. Using the petty
officers of the\ platoon as instructors, the
platoon leader difects a training program that is
«designed to (1) prepare Builders at all levels for
advancement (including advancement require-
ments), (2) improve working practices or effi-
ciency of the Builders, and (3) prepare the
Buiiders for any upcoming project. The platoon
leader thén must turn in reports of instructions
and progress to the company clerk.

2. The platoon ieader (BUC) of the second
piatoon is responsible for the leadershi
program, instructor training, and safety training
of the company. The platoon leader directs a
training program that is designed to (1) develop
leadership, (2) provide qualified instructors for
the company, and (3) insure safe working
practices. Due to the nature of subjects, the
platoon leader calls on various quclified petty
officers in the company to serve as instructors
for the training program. The platoon leader
must turn in reports of instructions and progress
to the company clerk. :

3. The platoon leader (SWC) of the third
platoon is responsible for the developing of skills
and knowledge of the Steelworker rating for all
Steelworkers in the company. Using the petty
officers of the platoon as instruciors, the
platcon leader directs a training program that is
designed to (1) prepare Steelworkers at ali levels
for advancement (including advancement
requirements), (2) improve working practices or
efficiency of the Steelwoikers, and (3) prepare
the Steelworkers for any upcoming project. The
platoon leader must turn in reports of instruc-
tions and progress to the cor.pany clerk.

4. The company clerk collects training infor-
mation from the platoon leaders and prepares
company recoyds and reports. The company
records may be “designed to include (i) each
individual’s progress toward advancement, (2)
each skill in which an individual has received

instruction, and (3) other information deemed
necessary by the company commanc'er.

5. The Company Chief is responsible for the
preparation of training schedules; helping the
platoon leaders obtain training publications,
training aids, and training facilities; helping the
company commander review lesson plans,
records, and reports and evaluate the training
program.

6. The company cominander directs the
company in ground defense and disaster control
exercises; organizes and directs the training pro-
gram of the company; assists in formulating
NMCB training at meetings with the executive
officer; reviews each individual’s progress
toward advancement; evaluates the effectiveness
of the company training program; and reviews
and signs company training reports that are sub-
mitted o S-2, $-3, and so on.

INSTRUCTORS

The petty officers of the company are the
instructors in the cofnpany training program.
Al:hough teaching ability is included among the
naval standards for enlisted personnel in pay
grades E-5 and above, most petty officers will
have had little experience as instructors. A petty
officer may be_expert and knowledgeable in a
given field—which is important in teaching—but
there are other avalifications that the petty
officer instructor should possess. For example,
familiarity with thg latest methods and techni-
ques of teaching, and ability to motivate
students to learn. Among other things, the
instructors should take their jobs seriously and
be pleasant. Few petty officers will be able to
teach effectively without some training.
Therefore, in the company training program,
the . development of instructors becomes a
primary objective.

Chances are that several senior ~-.*ty officers
of the company will have had a tour of
instructor duty and are good instructors for the
instructor training program. The Manual for
Navy Instructors, NAVEDTRA 107, is the basic
text for use in instructor training.

A valuable source of alieady prepured
training courses are the NCTC's. Many of the
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SCBT courses are short and dire.ted at one skill.
There is a good possibility that the NCTC
already has prepared lesson plaus, instructors’
guides, list of tools, equipment, references,
etc., required to teach the subjeci, so before
launching out to prepare your own, contact the
local NCTC and find out what they already have
available.

ON-THE-JOB TRAINING

Construction projects assigned to the com.-
pany are usually suitable for one of the many
